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Abstract

Aims
This study aimed to investigate the efficacy and safety of dual therapy comprising sulfonyl-
urea (SU) plus antidiabetic drugs for the treatment of type 2 diabetes mellitus (T2DM).

Methods

We searched the PubMed, Cochrane library, and Embase databases for randomized clinical
trials (>24 weeks) published up to December 28, 2017. Subsequently, we conducted pair-
wise and network meta-analyses to calculate the odds ratios (ORs) and mean differences
(MDs) with 95% confidence intervals (Cls) of the outcomes.

Results

The final analyses included 24 trials with a total of 10,032 patients. Compared with placebo,
all treatment regimens were associated with a significantly higher risk of hypoglycemia,
except the combinations of SU plus sodium-glucose co-transporter-2 inhibitor (SGLT-2i)
[OR, 1.35 (95% ClI: 0.81 to 2.25)] or alpha-glucosidase inhibitor (AGI) [OR, 1.16 (95% Cl:
0.55 to 2.44)]. Notably, the combination of SU plus glucagon-like peptide-1 receptor agonist
(GLP-1RA) was associated with the most significant increase in the risk of hypoglycemia.
Furthermore, all SU-based combination regimens reduced the glycated hemoglobin
(HbA1c) and fasting plasma glucose levels (FPG). However, only combinations containing
SGLT-2i [MD, -1.00 kg (95% CI: -1.73 to -0.27)] and GLP-1RA [MD, -0.56 kg (95% CI: -1.10
to -0.02)] led to weight loss.

Conclusions

Our findings highlight the importance of considering the risk of hypoglycemia when selecting
antidiabetic drugs to be administered concomitantly with SU. Although all classes of
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antidiabetic drugs improved glucose control when administered in combination with SU,
SGLT-2i might be the best option with respect to factors such as hypoglycemia and body
weight.

Introduction

According to the most recent data from the International Diabetes Federation (IDF), the num-
ber of adults affected by diabetes worldwide reached 425 million in 2017, and approximately 4
million deaths were attributed to this disease. Current estimates suggest that 629 million peo-
ple worldwide will be affected by diabetes in by 2045 [1]. Diabetes can be stratified into two
types; of these, type 2 diabetes mellitus (T2DM) is a progressive disease characterized by initial
insulin resistance and a subsequent decline in B cell function. Currently, metformin is the pre-
ferred therapeutic option for T2DM |2, 3]. However, metformin use is contraindicated for or
not tolerated by some patients. In such cases, other hypoglycemic agents, including sodium-
glucose co-transporter-2 inhibitors (SGLT-2is), dipeptidyl peptidase 4 inhibitors (DPP-4is),
thiazolidinediones (TZDs), sulfonylureas (SUs), and alpha-glucosidase inhibitors (AGIs), may
serve as first-line options [3]. SUs improve blood glucose by stimulating the B cells to secrete
insulin in a non-glucose-dependent manner. Given the low costs and favorable efficacy and
safety profiles, these drugs are used extensively following an initial diagnosis of T2DM, despite
the potential to increase the incidence of hypoglycemic events and weight gain [4, 5].

As noted, however, B cell function declines over the course of T2DM, and most patients
who initially used SUs will later require antidiabetic drug combination therapies to maintain
glycemic control [6]. Several such SU-based combination regimens including: SGLT-2is, DPP-
4is, TZDs, AGIs, glucagon-like peptide-1 receptor agonists (GLP-1RAs), and insulin are cur-
rently administered to patients. The process of selecting the appropriate second-line antidia-
betic drug is complicated by various factors; in addition, the glycemic effects of the drugs, such
as hypoglycemia and weight gain, must be considered because these can impact the patient’s
adherence to treatment and quality of life [7, 8].

With this work, we aimed to conduct a systematic review and network meta-analysis
(NMA) of the most recently updated clinical trials to evaluate the efficacy and safety of antidia-
betic drugs as add-on treatments for T2DM inadequately controlled with sulfonylurea mono-
therapy. Compared with the conventional pairwise meta-analysis method, the NMA enables
us to calculate data from both direct and indirect comparisons of diverse regimens and to
quantify and sort the efficacy and safety of each of these measures [9]. Using this approach, we
hope to provide evidence to assist clinicians and patients with decision-making.

Methods

The methods and results of this NMA have been reported in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [10] recommendations
and checklist (S1 Table).

Search strategy

We searched the PubMed (from January 1, 1946 to December 28, 2017), Embase (from Janu-
ary 1, 1974 to December 28, 2017), and Cochrane library databases (issue 11 of 12, 2017) for
relevant randomized clinical trials (RCTs). The following key terms were used: “SGLT-2 inhib-

»  «

itor”, “DPP-4 inhibitor”, “GLP-1”, “thiazolidinedione”, “alpha-glucosidase inhibitor”,
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“metformin” “insulin”, “diabetes mellitus”, and “randomized clinical trial”. More detailed
search terms are listed in S2 Table. In addition, we checked the reference lists of all identified
articles for other eligible studies. Additionally, we conducted a search of ClinicalTrials.gov. No
time or language exclusion criteria were applied.

Study selection and data extraction

Included studies were required to meet the following criteria: (1) RCT design; (2) study dura-
tion >24 weeks; (3) inclusion of adult (age: >18 years) patients with T2DM and inadequate
glycemic control with sulfonylurea monotherapy; (4) drugs in the SGLT-2i, DPP-4i, GLP-
1RA, TZD, AGI, metformin, and insulin classes; and (5) assessment of at least one of the fol-
lowing continuous outcomes—glycated hemoglobin (HbA1c), fasting plasma glucose (FPG),
body weight—and dichotomous outcomes—hypoglycemia, serious adverse events (SAEs).
SAEs were defined as fatal or life-threatening events, events requiring or extending inpatient
hospitalization, those resulting in ongoing or significant incapacity or interfering substantially
with normal life functions, and/or those that caused a congenital anomaly or birth defect. The
primary outcome was hypoglycemia. Studies that met the following criteria were excluded: (1)
patients with serious cardiovascular disease or severe renal impairment; (2) pregnant patients;
(3) sample size <100; (4) non-randomized trials; and (5) publication as a conference report,
letter, or abstract.

Two authors (D.Q. and T.Z.) independently assessed the titles and abstracts identified in
the initial search and reviewed the full texts of all identified studies that met the inclusion crite-
ria. The following details were recorded using a pre-defined spreadsheet: first author (publica-
tion year), study duration, interventions (types and doses), sample size, and baseline
participant information (HbA ¢, body mass index, body weight, age, sex). For studies with dif-
ferent follow-up durations, the longest reported duration was recorded. Any conflicts were
resolved by the third author (P.Z.).

Risk of bias

The Cochrane risk-of-bias tool [11] was used to assess the quality of the included RCTs. This
tool assesses 7 domains, namely random allocation, allocation concealment, blinding of partic-
ipants and personnel, blinding of outcome assessment, incomplete outcome data, selective
reporting, and other biases. For each domain, the risk of bias was determined to be low,
unclear, or high.

Statistical analysis

In this study, the results of comparisons of dichotomous (hypoglycemia, SAEs) and continu-
ous variables (HbAlc, FPG, and body weight) are reported as odds ratios (ORs) and mean dif-
ferences (MDs), respectively, together with the corresponding 95% confidence intervals (CI).
A DerSimonian-Laird random effects model was used for the conventional pairwise meta-
analysis [12]. Heterogeneity was evaluated using the I” statistic, with an I* of 25%, 50%, or 75%
indicating low, moderate, or high heterogeneity, respectively [13]. For the NMA, a frequentist
random-effects model was used with the assumption of a common between-study covariance
structure across the treatment arms; this is often referred to as a homogenous variance
assumption [14, 15]. In such a model, we included only 2 arms from trials including 3 overlap-
ping arms (e.g., only A versus B from a trial with A versus B versus A + B). In addition, if the
same drug was evaluated at different doses in the trials, we combined different doses into a sin-
gle dose. For this analysis, we used the mvmeta and network commands in Stata software
(Stata Corp, College Station, TX, USA) and the programmed Stata routines [16, 17]. To rank
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the probabilities of each intervention in terms of efficacy and safety outcomes, we used surface
under the cumulative ranking (SUCRA) curves and mean ranks. Higher SUCRA values indi-
cate better efficacy or safety [18]. A 0.5 zero-cell correction was applied when studies reported
zero events [19]. The heterogeneity variance (tau [t]) was estimated using a restricted maxi-
mum likelihood method and employed to estimate heterogeneity [20]. For the purposes of this
analysis, we assumed that common methods of comparing glucose-lowering strategies were
used similarly when reported by different trials and that participants included in those trials
could be randomly allocated to any of the compared treatments.

To check for possible inconsistency, a loop-specific approach was used to evaluate differ-
ences between the direct and indirect estimates in each closed triangular or quadrangular loop
[21]. Additionally, a “design-by-treatment” interaction model was applied to evaluate global
heterogeneity within networks [22]. The small-study effects of active treatments versus placebo
were assessed using comparison-adjusted funnel plots [23].

All P-values were 2-tailed, and P values of <0.05 were considered statistically significant.
All analyses were performed using Stata 14.1 software.

Results
Characteristics of the included studies

The PRISMA flow chart of this study is shown in Fig 1. A total of 38,655 articles were obtained
from the searched databases, from which 427 potentially relevant articles were identified after
de-duplication and abstract screening. Trials not involving add-on sulfonylurea therapy (245),
those with a non-RCT design (34) or a study duration of <24 weeks (41), meta-analyses and
pooled analyses (64), conference abstracts (28), and studies with no available data (30) were
excluded. Finally, 24 eligible studies satisfied the inclusion criteria and were included in this
NMA.

The included studies were published from 2000 to 2017 and had enrolled 10,032 (range,
105-1041) participants with T2DM. All 24 RCTs [24-47] reported data for follow-ups ranging
from 24 to 52 weeks’ duration, while 2 [46, 47] additionally reported data between 52and 104
weeks. The mean [range] baseline HbAlc was 8.5% [7.6-9.9%], the mean ages ranged from 52
to 75 years, the mean [range] baseline BMI was 28.6 [23.8-32.2] kg/mz, and the mean [range]
baseline weight was 78.1 [62.6-99] kg. Table 1 summarizes the detailed information from the
included studies. The baseline characteristics of participants in these studies were deemed suf-
ficiently similar in terms of age, sex, HbAlc, body weight, and body mass index (BMI) to per-
mit network comparison (S1 Fig). There were also no specific clinical reasons (based on the
inclusion and exclusion criteria of every trial in the network) to suggest that the type of partici-
pants under one comparison would be different from the type of participants in other compar-
isons. The S3-S6 Tables detail the numbers of participants included in the efficacy and safety
outcome analyses by study and drug class.

The Cochrane system bias evaluation is shown in S7 Table and S2 Fig. All studies were ran-
domized and double blinded, and the risks of bias for random sequence generation, conceal-
ment of treatment allocation, and blinding of participants and personnel were low or unclear.
Three studies had a high risk of reporting bias, of which 1 presented a high risk of detection
bias. One study had incomplete outcome data.

Network consistency

The networks of eligible comparisons of efficacy and safety outcomes are graphically displayed
in Fig 2. There were no loop inconsistencies between the evidence derived from direct and
indirect comparisons for the 95% ClIs of the IF values including zero values (S8 Table). In
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Fig 1. Flow chart of the search for eligible studies.
https://doi.org/10.1371/journal.pone.0202563.g001

addition, the design-by-treatment model did not detect global inconsistency within any net-
work (p for all >0.05, S9 Table). The contribution of each study to NMA is shown in S10
Table.

Primary outcome: Hypoglycemia

The analysis of hypoglycemia included data from 23 RCTs including 9486 participants; of
these, 939 participants had reported events (S3 Table). A direct pairwise meta-analyses showed
an increased risk of hypoglycemia with GLP-1RA [OR, 7.56 (95% CI: 3.44 to 16.59)], TZD
[OR, 2.33 (95% CI: 1.26 to 4.32)], and DPP-4i [OR, 1.54 (95% CI: 1.10 to 2.15)] (S11 Table).
The NMA results showed that DPP-4i, TZD, Met, basal insulin, and GLP-1RA were more
strongly associated with hypoglycemia, compared with placebo. No significant differences rel-
ative to placebo were observed for SGLT-2i [OR, 1.35 (95% CI: 0.81 to 2.25)] and AGI [OR,
1.16 (95% CI: 0.55 to 2.44)]. Compared with GLP-1RA, all agents were associated with a lower
risk of hypoglycemia, except Met [OR, 0.58 (95% CI: 0.29 to 1.18)] and basal insulin [OR, 0.76
(95% CI: 0.27 to 2.17)], which appeared to have no significant effects on the risk of hypoglyce-
mia (Table 2 and Fig 3). Excluding placebo, AGI and SGLT-2i most strongly reduced the risk
of hypoglycemia, with SUCRA values of 79% and 71.7%, respectively. The lowest SUCRA
value was calculated for GLP-1RA (5.2%) (Table 3).
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Table 1. Characteristics of the included studies.

Author, year Interventions |Sample size Mean Age Male (%) | Mean HbAlc | Mean body weight, = Mean BMI (kg/ Study duration
(years) (%) kg m?) (weeks)

Ba 2017 Sita: 100mg 249 57.5 47.0 8.6 68.4 25.4 24
PLA 249 56.5 53.0 8.5 68.9 253 24
Gantz 2017 Omar: 25mg 126 63 72.2 8.1 65 245 24
PLA 63 63 71.4 8.1 67 24.8 24
Yang 20151 Vild: 50mg 143 58.3 55.2 8.6 67.4 24.8 24
PLA 136 58.7 58.1 8.7 68.8 25.0 24
Hermansen 2007”) Sita: 100mg 222 55.6 52.7 8.3 86.5 31.2 24
PLA 219 56.5 53.4 8.3 85.9 30.7 24
Barnett 2013[*°] Lina: 5mg 95 75 72 7.8 86.3 29.6 24
PLA 43 75 62" 7.7 86.4* 29.8* 24
Garber 2008!*! Vild: 50mg 132 58.6 78 8.5 NA 32.2 24
Vild: 100mg 132 58.2 79 8.6 NA 30.8 24
PLA 144 57.9 84 8.5 NA 31.0 24
Pratley 2009""] Alog: 12.5mg 203 56.5 54.7 NA NA 30.2 26
Alog: 25mg 198 56.5 50.0 NA NA 30.0 26
PLA 99 57.1 51.5 NA NA 30.0 26
Chacra 2009 Saxa: 2.5mg 248 55.4 45.6 8.4 75.2 29.1 24
Saxa: 5mg 253 54.9 435 8.5 76.2 29.2 24
PLA 267 55.1 46.1 8.4 75.6 28.8 24
Yale 201711 Cana: 100mg 74 65.8 50.0 8.3 80.7 NA 52
Cana: 300mg 72 64.3 58.3 8.1 80.5 NA 52
PLA 69 64.3 59.4 8.4 84.2 NA 52
Dungan 2016 Dula: 1.5mg 239 57.7 435 8.4 84.5 30.9 24
PLA 60 58.2 46.7 8.4 89.5 32.4 24
Forst 20150 Vild: 50mg 82 65.9 56.1 7.6 85.5 29.7 24
NPH insulin 79 67.6 60.8 7.7 89.9 31.4 24
Strojek 201417 Dapa: 2.5mg 154 59.9 50.0 8.1 81.9 30.0 48
Dapa: 5mg 142 60.2 50.0 8.1 81.0 29.8 48
Dapa: 10mg 151 58.9 43.7 8.1 80.6 29.8 48
PLA 145 60.3 49.0 8.2 80.9 29.7 48
Hsieh 20115 Migi: 50mg 52 58.4 442 8.1 67.2 25.3 24
PLA 53 59.0 34.0 8.1 69.2 26.1 24
Scheen 20095” Piog: <45mg 508 63.2 67.9 7.8 NA 29.7 30
PLA 493 62.9 70.6 7.7 NA 29.9 30
Marre 2009°°! Lira: 0.6mg 233 55.7 54 8.4 82.6 30.0 26
Lira: 1,2mg 228 57.7 45 8.5 80.0 29.8 26
Lira: 1.8mg 234 55.6 53 8.5 83.0 30.0 26
Rosi: 4mg 232 56.0 47 8.4 80.6 29.4 26
PLA 114 54.7 47 8.4 81.9 303 26
Davidson 20077 Rosi: 8mg 117 52 54.7 9.2 86.3 313 24
PLA 116 53 51.7 9.4 88.3 31.9 24
Buse 2004!""! Exen: 5ug 125 55 59.2 8.5 95 33 30
Exen: 10ug 129 56 57.4 8.6 95 33 30
PLA 123 55 62.6 8.7 99 34 30

(Continued)
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Table 1. (Continued)

Author, year Interventions  Sample size Mean Age Male (%) | Mean HbAlc | Mean body weight, = Mean BMI (kg/ Study duration

(years) (%) kg m?) (weeks)

Araki 2015 Empa: 10mg 136 61.3 72.8 8.0 65.8 24.6 52
Empa: 25mg 137 61.8 70.1 8.1 67.0 25.2 52
Met: 63 60.0 74.6 7.9 68.2 25.2 52

<2550mg
Kobayashi 2014”1 Sita: 50mg 59 64.3 61.0 7.7 62.6 23.8 24
Migi: 50mg 55 64.0 61.8 7.6 65.0 24.7 24
Wolffenbuttel Rosi: 2mg 199 61.0 62.8 9.2 NA 28.0 26
20001 Rosi: 4mg 183 60.6 55.2 9.2 NA 28.3 26
PLA 192 61.9 57.3 9.2 NA 28.1 26
Kaku 20101 Lira: 0.6mg 88 59.1 60 8.6 66.1 253 24
Lira: 0.9mg 88 61.3 67 8.2 64.5 24.4 24
PLA 88 58.6 65 8.4 66.7 24.9 24
Zhu 2003 Rosi: 4mg 215 59.0 41 9.8 NA 24.8 24
Rosi: 8mg 210 58.9 48 9.9 NA 24.9 24
PLA 105 58.8 46 9.8 NA 25.1 24
Seufert 2008!*! Piog: <45mg 319 60 53.6 8.8 NA 30.2 104
Met: 320 60 54.7 8.8 NA 30.0 104

<2550mg
Bachmann 2003*”! Acar: 100mg 164 63.8 52.4 9.4 80.7 29.0 78
PLA 166 63.3 56.6 9.4 81.6 29.0 78

* Data refer to the overall study population.
HbAIg, glycated hemoglobin; BMI, body mass index; Alog, alogliptin; Saxa: saxagliptin; Vild, vildagliptin; Lina, linagliptin; Sita, sitagliptin; Omar, omarigliptin; Lira,

liraglutide; Exen, exenatide; Dula, Dulaglutide; Acar, acarbose; Migi, miglitol; Piog, pioglitazone; Rosi, rosiglitazone; Met, metformin; PLA, placebo; NA, not applicable.

https://doi.org/10.1371/journal.pone.0202563.t001

Efficacy outcomes: HbAlc, FPG, and body weight

HbA1c data were available from 8930 patients in 23 RCTs (S4 Table). In direct pairwise meta-
analyses, the largest HbA1lc reduction was observed with GLP-1RA versus placebo [-1.05%
(95% CI: -1.35 to -0.76)]. In comparisons of other antidiabetic drugs, the significant differences
ranged from a reduction of -0.30% (95% CI: -0.55 to -0.05) for basal insulin versus DPP-4i to
-0.49% (95% CI: -0.64 to -0.34) for GLP-1RA versus TZD (S12 Table). The NMA indicated
that when compared to placebo, all drug classes were associated with greater reductions in
HbAIc levels when combined with SU. Comparisons among the second-line agents in combi-
nation with SU revealed greater HbAlc reductions with GLP-1RA versus SGLT-2i [-0.47%
(95% CI: -0.85 to -0.09)], DPP-4i [-0.45% (95% CI: -0.73 to -0.16)], and AGI [-0.53% (95% CI:
-0.91 to -0.15)]. No significant differences were observed for the other comparisons between
second-line agents combined with SU (Table 2 and Fig 3). Notably, GLP-1RA and basal insulin
yielded the greatest reductions in HbAlc, with SUCRA values of 94% and 75%, respectively
(Table 3).

Nineteen RCT's with a total of 6611 participants reported changes in FPG (54 Table). Direct
pairwise meta-analyses (versus placebo) showed significant reductions in FPG with all second-
line agents combined with SU, ranging from -2.77 mmol/l (95% CI: -4.14 to -1.40) for TZD to
-0.62 mmol/l (95% CI: -0.78 to -0.47) for DPP-4i. When compared with other antidiabetic
drugs, the only significant difference was observed for SGLT-2i versus Met [-0.44 mmol/l
(95% CI: -0.73 to -0.15)] (S12 Table). The NMA revealed that compared with placebo, all drug
classes were associated with greater reductions in HbA1lc levels when combined with SU
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DPP-4i .
DPP-4i DPP-4i
GLP-1RA SGLT-2i SGLT-2i SGLT-2i
GLP-1RA GLP-1RA
TZD
Placebo Placebo Placebo
TZD TZD
AGI AGI
AGI Met Met
HbAlc Fasting plasma glucose Body weight
DPP-4i DPP-4i
GLP-1RA SGLT-2i GLP-IRA SGLT-2i
TZD
Placebo TZD Placebo
Met Basal
AGI AGI
Hypoglycemia Serious adverse event

Fig 2. Network maps for efficacy and safety outcomes. Note: Connecting lines represent direct comparisons between the pairs
of treatments, and the line widths represent the numbers of trials. The node sizes represent the overall sample sizes of the
interventions. HbAlc, glycated hemoglobin; FPG, fasting plasma glucose; SGLT-2i, sodium-glucose co-transporter-2 inhibitor;
DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist; TZD, thiazolidinedione; Met,
metformin; AGI, a-glucosidase inhibitor; Basal, basal (long-acting) insulin.

https://doi.org/10.1371/journal.pone.0202563.9002

(Table 2 and Fig 3). Among the second-line agents added to SU, DPP-4i was associated with
the most significant increase in FPG versus all other agents, whereas AGI [0.10 mmol/l (95%
CI: -0.51 to 0.72)] had no significant effect on the FPG levels (Table 2). TZD and SGLT-2i
most significantly reduced the FPG level, with SUCRA values of 97.8% and 74.3%, respectively.
Besides the placebo, DPP-4i received the lowest SUCRA value (22.6%) (Table 3).

Body weight values were available for 4516 participants in 11 RCTs (S4 Table). In direct
pairwise meta-analyses of SU-containing combination regimens, the largest reduction in this
parameter was observed for SGLT-2i versus placebo [-1.00 kg (95% CI: -1.73 to -0.27)],
whereas the greatest increase was observed for DPP-4i versus placebo [1.00 kg (95% CI: 0.90 to
1.11)] (S12 Table). The NMA indicated reductions (versus placebo) of -1.00 kg (95% CI: -1.73
to -0.27) for SGLT-2i and -0.56 kg (95% CI: -1.10 to -0.02) for GLP-1RA. DPP-4i, TZD, and
Met were found to increase body weight, whereas AGI had no significant effect on body weight
(Table 2 and Fig 3). In comparisons of second-line agents, SGLT-2i, GLP-1RA, and AGI more
significantly reduced body weight versus TZD, Met, and DPP-4i, with changes ranging from
-2.91 kg (95% CI: -4.15 to -1.68) for SGLT-2i versus TZD to -1.30 kg (95% CI: -1.98 to -0.62)
for AGI versus DPP-4i. No significant differences in body weight were observed between
SGLT-2i, GLP-1RA, and AGI when added to SU (Table 2). SGLT-2i and GLP-1RA yielded the
greatest reductions in body weight, with respective SUCRA values of 95.7% and 81.8%

(Table 3).

Other safety outcome: Serious adverse events

SAE data were available for 6335 participants in 17 RCTs (S3 Table). The NMA indicated no
significant differences in the ORs of SAE for any agent when added to SU. Excluding placebo,
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Table 2. Effect of glucose-lowering agents in patients with type 2 diabetes.

Hypoglycemia (OR, 95% CI)
1.35 1.51 4.75 2.04 2.76 1.16 3.61
(0.81, 2.25) (1.05, 2.15) (2.61, 8.62) (1.25, 3.33) (1.55, 4.92) (0.55, 2.44) (1.48, 8.77)
0.74 1.12 3.52 1.52 2.05 0.86 2.68
(0.44,1.24) (0.60, 2.08) (1.65, 7.54) (0.78, 2.93) (1.05, 4.02) (0.35, 2.10) (0.96, 7.45)
0.66 0.89 3.15 1.36 1.83 0.77 2.40
(0.46, 0.95) (0.48, 1.66) (1.63, 6.11) (0.78, 2.36) (0.95, 3.54) (0.35, 1.68) (1.06, 5.40)
0.21 0.28 0.32 0.43 0.58 0.24 0.76
(0.12, 0.38) (0.13, 0.61) (0.16, 0.62) (0.25, 0.74) (0.29, 1.18) (0.10, 0.59) (0.27,2.17)
0.49 0.66 0.74 2.33 1.35 0.57 1.77
(0.30, 0.80) (0.34, 1.28) (0.42, 1.29) (1.35, 4.01) (0.81, 2.25) (0.26, 1.24) (0.66, 4.73)
0.36 0.49 0.55 1.72 0.74 0.42 1.31
(0.20, 0.65) (0.25, 0.96) (0.28, 1.05) (0.84, 3.50) (0.45,1.23) (0.17, 1.03) (0.46, 3.72)
0.86 1.16 1.30 4.10 1.77 2.39 3.12
(0.41,1.83) (0.48, 2.85) (0.60, 2.84) (1.70, 9.88) (0.81, 3.86) (0.98, 5.84) (1.01, 9.63)
0.28 0.37 0.42 1.32 0.57 0.77 0.32
(0.11, 0.67) (0.13, 1.04) (0.19, 0.94) (0.46, 3.75) (0.21, 1.52) (0.27,2.18) (0.10, 0.99)
HbAIc, % (MD, 95% CI)
-0.65 -0.67 -1.12 -0.85 -0.82 -0.59 -0.97
(-0.96, -0.35) (-0.83,-0.51) (-1.36, -0.89) (-1.07, -0.63) (-1.20, -0.44) (-0.89, -0.29) (-1.48, -0.46)
0.65 -0.02 -0.47 -0.19 -0.17 0.06 -0.32
(0.35, 0.96) (-0.36, 0.32) (-0.85, -0.09) (-0.54, 0.15) (-0.53,0.19) (-0.36, 0.49) (-0.91, 0.27)
0.67 0.02 -0.45 -0.17 -0.15 0.08 -0.30
(0.51, 0.83) (-0.32, 0.36) (-0.73, -0.16) (-0.45, 0.10) (-0.56, 0.26) (-0.23,0.39) (-0.78, 0.18)
1.12 0.47 0.45 0.27 0.30 0.53 0.15
(0.89, 1.36) (0.09, 0.85) (0.16, 0.73) (-0.02, 0.56) (-0.13,0.73) (0.15, 0.91) (-0.41, 0.71)
0.85 0.19 0.17 -0.27 0.02 0.26 -0.13
(0.63, 1.07) (-0.15, 0.54) (-0.10, 0.45) (-0.56, 0.02) (-0.34, 0.39) (-0.12, 0.63) (-0.68, 0.43)
0.82 0.17 0.15 -0.30 -0.02 0.23 -0.15
(0.44, 1.20) (-0.19, 0.53) (-0.26, 0.56) (-0.73,0.13) (-0.39, 0.34) (-0.25,0.72) (-0.79, 0.49)
0.59 -0.06 -0.08 -0.53 -0.26 -0.23 -0.39
(0.29, 0.89) (-0.49, 0.36) (-0.39, 0.23) (-0.91, -0.15) (-0.63,0.12) (-0.72, 0.25) (-0.97, 0.18)
0.97 0.32 0.30 -0.15 0.13 0.15 0.38
(0.46, 1.48) (-0.27,0.91) (-0.18,0.78) (-0.71, 0.41) (-0.43, 0.68) (-0.49, 0.79) (-0.19, 0.96)
Fasting plasma glucose, mmol/l (MD, 95% CI)
-1.84 -0.68 -1.46 -2.37 -1.79 -0.78 -
(-2.40, -1.27) (-0.99, -0.37) (-2.01, -0.91) (-2.98, -1.76) (-2.52, -1.06) (-1.37, -0.20)
1.84 1.15 0.38 -0.53 0.04 1.05 =
(1.27, 2.40) (0.51, 1.80) (-0.42,1.17) (-1.25,0.19) (-0.61, 0.69) (0.23,1.87)
0.68 -1.15 -0.78 -1.69 -1.11 -0.10 -
(0.37, 0.99) (-1.80, -0.51) (-1.41, -0.15) (-2.37,-1.01) (-1.90, -0.32) (-0.72, 0.51)
1.46 -0.38 0.78 -0.91 -0.33 0.67 -
(0.91, 2.01) (-1.17,0.42) (0.15, 1.41) (-1.73, -0.08) (-1.25,0.59) (-0.13, 1.48)
2.37 0.53 1.69 0.91 0.58 1.58 =
(1.76, 2.98) (-0.19, 1.25) (1.01, 2.37) (0.08,1.73) (-0.10, 1.26) (0.74, 2.43)
1.79 -0.04 1.11 0.33 -0.58 1.01 -
(1.06, 2.52) (-0.69, 0.61) (0.32, 1.90) (-0.59, 1.25) (-1.26, 0.10) (0.07, 1.95)
0.78 -1.05 0.10 -0.67 -1.58 -1.01
(0.20, 1.37) (-1.87,-0.23) (-0.51,0.72) (-1.48,0.13) (-2.43,-0.74) (-1.95, -0.07)
Body weight, kg (MD, 95% CI)
-1.00 1.00 -0.56 1.91 1.45 -0.30 =
(-1.73,-0.27) (0.90, 1.11) (-1.10, -0.02) (0.92,2.91) (0.47, 2.43) (-0.98, 0.39)
1.00 2.00 0.44 291 2.45 0.70 =
(0.27, 1.73) (1.27, 2.74) (-0.47, 1.35) (1.68, 4.15) (1.80, 3.10) (-0.30, 1.71)

(Continued)
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Table 2. (Continued)

-1.00
(-1.11, -0.90)

0.56
(0.02, 1.10)

-1.91
(-2.91,-0.92)

-1.45
(-2.43,-0.47)

0.30
(-0.39, 0.98)

PLA

1.16
(0.64,2.11)
1.05
(0.61, 1.79)
1.63
(0.71, 3.76)
1.17
(0.75,1.84)
1.55
(0.37, 6.54)
0.97
(0.46, 2.01)
1.98
(0.58, 6.78)

-2.00
(-2.74, -1.27)

-0.44
(-1.35, 0.47)

-2.91
(-4.15, -1.68)

-2.45
(-3.10, -1.80)

-0.70
(-1.71, 0.30)

0.86
(0.47, 1.56)

SGLT-2i

0.90
(0.40, 2.04)
1.40
(0.49, 4.02)
1.01
(0.48,2.13)
1.33
(0.36, 4.94)
0.83
(0.32,2.13)
1.70
(0.43, 6.76)

DPP-4i -1.56 0.91 0.45 -1.30
(-2.11, -1.02) (-0.09, 1.91) (-0.54, 1.43) (-1.98, -0.62)
1.56 GLP-1RA 2.47 2.01 0.26 -
(1.02,2.11) (1.61, 3.34) (0.89, 3.12) (-0.61, 1.14)
-0.91 -2.47 TZD -0.46 -2.21
(-1.91, 0.09) (-3.34,-1.61) (-1.86, 0.93) (-3.42, -1.00)
-0.45 -2.01 0.46 Met -1.75
(-1.43,0.54) (-3.12,-0.89) (-0.93, 1.86) (-2.94, -0.55)
1.30 -0.26 2.21 1.75 AGI -
(0.62, 1.98) (-1.14, 0.61) (1.00, 3.42) (0.55, 2.94)
Serious adverse event (OR, 95% CI)

0.95 0.61 0.85 0.65 1.04 0.51
(0.56, 1.63) (0.27, 1.41) (0.54, 1.34) (0.15, 2.74) (0.50, 2.15) (0.15, 1.74)
1.11 0.71 0.99 0.75 1.21 0.59
(0.49, 2.52) (0.25, 2.04) (0.47, 2.10) (0.20, 2.80) (0.47, 3.10) (0.15, 2.35)

DPP-4i 0.64 0.89 0.68 1.09 0.53
(0.25, 1.67) (0.44, 1.80) (0.14, 3.19) (0.45, 2.63) (0.17, 1.61)
1.56 GLP-1RA 1.39 1.06 1.69 0.83
(0.60, 4.07) (0.54, 3.59) (0.20, 5.69) (0.56, 5.12) (0.19, 3.59)
1.12 0.72 TZD 0.76 1.21 0.59
(0.56, 2.25) (0.28, 1.85) (0.17, 3.44) (0.51, 2.87) (0.16, 2.21)
1.47 0.95 1.32 Met 1.60 0.78
(0.31, 6.94) (0.18, 5.09) (0.29, 5.98) (0.32, 8.08) (0.12, 5.27)
0.92 0.59 0.82 0.62 AGI 0.49
(0.38, 2.23) (0.20, 1.78) (0.35, 1.94) (0.12, 3.15) (0.12, 2.02)
1.88 1.21 1.68 1.28 2.05 Basal
(0.62, 5.73) (0.28, 5.25) (0.45, 6.27) (0.19, 8.60) (0.49, 8.47)

For the lower triangle, comparisons should be read from left to right. Odds ratios (ORs) <1 favor the column-defining treatment and mean differences (MDs) <0 favor

the column-defining treatment. For the upper triangle, comparisons should be read from right to left. Odds ratios (ORs) <1 favor the row-defining treatment and mean

differences (MDs) <0 favor the row-defining treatment. Bold fonts indicate statistically significant differences. HbAlc, glycated hemoglobin; SGLT-2i, sodium-glucose

co-transporter-2 inhibitor; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist; TZD, thiazolidinedione; Met, metformin; AGI,

o-glucosidase inhibitor; Basal, basal (long-acting) insulin, PLA, placebo.

https://doi.org/10.1371/journal.pone.0202563.t002

basal insulin and AGI received the highest (76.8%) and lowest (36.2%) SUCRA values, respec-
tively (Table 3).

Publication bias

A comparison-adjusted funnel plot of all outcomes is displayed in S2 Fig. This analysis indi-
cated no evidence of small-study effects with respect to active treatments versus placebo in the
network.

Discussion

Only 1 previous meta-analysis [48] assessed the risk of hypoglycemia of DPP-4i versus placebo
when added to SU, and no head-to-head trials have estimated the relative effects of other anti-
diabetic drugs (especially SGLT-2i and GLP-1RA). To address this paucity of research, we per-
formed the current NMA to combine high-quality data from the most updated trials and thus
comprehensively compare the effects of SGLT-2i, DPP-4i, GLP-1RA, TZD, Met, AGI and
basal insulin in patients with T2DM that was inadequately controlled by SU monotherapy. We
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HbAlc (%) Mean with 95% CI FPG (mmol/l) Mean with 95% CI Body weight (kg) Mean with 95% C1
GLP-1RA . -1.12(-1.36,-0.89) D —_— 237 (-2.98, -1.76) SGLT-2i —— 100 (-1.73,-0.27)
Basal e -0.97 (-1.48, -0.46)
SGLT-2i —— -1.84 (-2.40,-1.27) GLP-IRA ced -0.56 (-1.10,-0.02)
TZD —— -0.85 (-1.07, -0.63)
Met — -1.79 (-2.52, -1.06) AGI —l -0.30 (-0.98, 0.39)
Met —— -0.82 (-1.20, -0.44)
GLP-IRA —_— -1.46 (2,01, -0.91) DPP-4i . 1.00 (0.90, 1.11)
DPP-4i —— -0.67 (-0.83,-0.51)
SGLT-2i —— -0.65 (-0.96, -0.35) AGI — -0.78 (-1.37,-0.20) Met —— 1.45(0.47,2.43)
AGI —— -0.59 (-0.89, -0.29) DPP-4i cen -0.68 (-0.99, -0.37) TZD —— 191 (0.92,2.91)
A5 -12 <06 030 3023 09 -020 -7 050 18 29
Favours treatment Favours placebo Favours treatment Favours placebo Favours treatment Favours placebo
Hypoglycemia OR with 95% CI Serious adverse event OR with 95%CI
AGI —l— 1.16 (0.55, 2.44) Basal e 0.51(0.15, 1.74)
SGLT-2i e 1.35(0.81,2.25) GLP-1RA — 0.61(0.27, 1.41)
DPP-4i fom 151 (1.05,2.15) Met e 065 (0.15,2.74)
TZD —— 2.04(1.25,3.33) TZD et 0.85(0.54, 1.34)
Met e 276 (1.5, 4.92) SGLT-2i et 0.86 (047, 1.56)
Basal —— 3.61(1.48,8.77) DPP-4i —— 0.95 (0.56, 1.63)
GLP-1RA —— 475 (2.61,8.62) AGL — 1.04 (0.50,2.15)

Favours treatment

Favours placebo

0.1 03
Favours treatment

113 27

Favours placebo

Fig 3. Differences versus placebo in efficacy and safety outcomes. Note: HbA ¢, glycated hemoglobin; FPG, fasting plasma
glucose; SGLT-2i, sodium-glucose co-transporter-2 inhibitor; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like
peptide-1 receptor agonist; TZD, thiazolidinedione; Met, metformin; AGI, o-glucosidase inhibitor; Basal, basal (long-acting)

insulin.

https://doi.org/10.1371/journal.pone.0202563.9003

hope that our findings will provide a comprehensive picture of the effects of these drugs when
combined with SU.

Hypoglycemia is a serious clinical event that cannot be neglected during T2DM treatment.

Related symptoms such as weakness, nervousness, trembling, and palpitations negatively affect
the patient’s quality of life and are closely associated with the risks of cardiovascular disease
and hospital admission [49-51]. Additionally, even mild hypoglycemia can cause mental dis-
tress [52]. In our NMA, we found that when compared with placebo, all agents except SGLT-2i

Table 3. The results of the surface under the cumulative ranking curve (SUCRA) ranking probabilities.

Treatment HbAlc FPG Body weight Hypoglycemia SAE
SUCRA Rank SUCRA Rank SUCRA Rank SUCRA Rank SUCRA Rank
Placebo 0 8 0.1 7 53.7 4 93.4 1 29.1 8
SGLT-2i 36.7 6 74.3 2 95.7 1 71.7 3 47.3 5
DPP-4i 39.4 5 22.6 6 29.4 5 63.7 4 36.3 7
GLP-1RA 94 1 56.1 4 81.8 2 5.2 8 70.5 2
TZD 66.1 3 97.8 1 5 7 43.7 5 47.8 4
Met 60.7 4 70.5 3 15.7 6 25.7 6 61 3
AGI 28.2 7 28.5 5 68.7 3 79 2 31.2 6
Basal 75 2 NA NA NA NA 17.6 7 76.8 1
Heterogeneity(tau)® 0.21 0.35 ~0 0.11 0.19

Larger SUCRAs and lower median ranks indicate better treatments (i.e. SUCRA values of 100% and 0% correspond to the best and worst treatments, respectively).

* Degree of between-study heterogeneity.

HbAIg, glycated hemoglobin; FPG, fasting plasma glucose; SAE, serious adverse event; SGLT-2i, sodium-glucose co-transporter-2 inhibitor; DPP-4i, dipeptidyl
peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist; TZD, thiazolidinedione; Met, metformin; AGI, a-glucosidase inhibitor; Basal, basal (long-
acting) insulin; NA, not applicable.

https://doi.org/10.1371/journal.pone.0202563.t003
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and AGI were associated with an increased risk of hypoglycemia when added to SU. Of these
agents, GLP-1RA most significantly increased the risk of hypoglycemia relative to all other
agents except Met and basal insulin and thus received the worst ranking. Our findings were
consistent with the previous meta-analysis conducted by Salvo et al. [48], in which the combi-
nation of DPP-4i and SU was associated with a 50% increased risk of hypoglycemia versus pla-
cebo plus SU. However, we did not detect significant differences in the risks of hypoglycemia
associated with SGLT-2i, DPP-4i, TZD, Met, or AGI plus SU. Generally, SGLT-2i reduces the
risk of hypoglycemia, whereas SU drugs increase this risk. Although our results indicate that
SGLT-2i and AGI did not cause statistically significant increases in the risk of hypoglycemia
when added to SU, the SU dosage may need to be adjusted in such regimens to mitigate this
risk [48].

Beta-cell dysfunction plays a vital role at all stages in the pathogenesis of T2DM, and these
effects are compounded by insulin resistance [53, 54]. Our study demonstrated that all classes
of antidiabetic drugs improved glucose control relative to the placebo (0.59-1.12% decrease in
HbA1c and 0.68-2.37 mmol/l decrease in FPG) when combined with SU. Of these drugs,
GLP-1RA was associated with the greatest reduction in HbAlc levels when added to SU
monotherapy. Furthermore, no single agent other than GLP-1RA could significantly reduce
HbAlc to a greater extent than any other when added to SU. However, only 2 RCTs included
in our study reported durations >52 weeks [46, 47]. As HbAlc is a relatively stable variable
used to reflect long-term glucose control, future research may be needed to estimate the long-
term efficacies of these agents when combined with SU.

Weight gain has been suggested to correlate with an increased risk of diabetes, suggesting
that weight control would be favorable for blood glucose control [55, 56]. Our NMA showed
that compared to placebo, only SGLT-2i and GLP-1RA were associated with significant
decreases in body weight when added to SU. Notably, SGLT-2i yielded significant improve-
ments in this parameter when compared with all other agents except GLP-1RA and AGI and
was therefore ranked the best. A previous NMA by Kay et al. [57] demonstrated that all DPP-
4is were associated with mean body weight gains relative to placebo when added to metformin
and SU. Although that study focused on triple combination therapy (DPP-4i + Met + SU),
these findings were consistent with our study results.

To our knowledge, ours is the first NMA to compare the efficacy and safety profiles of all
available agents in patients with T2DM inadequately controlled with SU monotherapy. The
previous meta-analysis conducted by Salvo and his colleague [48] evaluated the effects of DPP-
4i on the risk of hypoglycemia relative to placebo, rather than to other active agents. Therefore,
we aimed to fill the gaps left by that study. We comprehensively estimated the relative effects
of all available agents administered in combination with SU to provide additional information
that would assist clinicians with decision-making. However, some potential limitations of our
study should be considered. First, the majority of the RCTs had study durations of 24-52
weeks, while only 2 had follow-up durations >52 weeks. Obviously, therefore, our conclusions
should be applied cautiously when evaluating the long-term effects of these antidiabetic drugs
when combined with SU. Second, although we evaluated the effects of each class of antidiabetic
drugs as a whole, some within-class differences were observed. Further studies might focus on
the effects of different doses of these drugs when combined with SUs for T2DM. Third, the
varying definitions of hypoglycemic events in the included studies may have contributed to
clinical heterogeneity. Fourth, the quality of our analysis might have been compromised by
inter-study differences in patient discontinuation rates. Fifth, we did not assess the baseline
age, sex, HbAlc, body weight, BMI, diabetes duration, or duration of treatment, as effect mod-
ifiers when estimating efficacy and safety outcomes; the focus of further studies should be on
evaluating the effects of these variables. Finally, only 1 RCT included data for basal insulin

PLOS ONE | https://doi.org/10.1371/journal.pone.0202563  August 27, 2018 12/17


https://doi.org/10.1371/journal.pone.0202563

@° PLOS | ONE

Antidiabetic drug plus sulfonylurea therapy for type 2 diabetes mellitus

added to SU, which had a relatively wide confidence interval. This factor might have had some
effect on our conclusions.

In conclusion, all classes of antidiabetic drugs improved glucose control when added to SU.
However, SGLT-2i exhibited superior effects in terms of weight loss and did not increase the
risk of hypoglycemia, suggesting that it might be the best option. Clinicians should particularly
consider the risk of hypoglycemia when selecting antidiabetic drugs for administration
together with SU.
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(PDF)

S1 File. Original data.
(XLSX)

Author Contributions

Conceptualization: Jie Jiang, Bing Situ.

Formal analysis: Xiangping Tan, Peiying Zheng.
Investigation: Dan Qian, Tiantian Zhang, Xiangping Tan.
Methodology: Peiying Zheng, Zhuoru Liang, Jingmei Xie.
Writing - original draft: Dan Qian, Tiantian Zhang.

Writing - review & editing: Dan Qian, Tiantian Zhang, Jie Jiang, Bing Situ.

References

1. IDF DIABETES ATLAS-8TH EDITION. Available from http://www.diabetesatlas.org/across-the-globe.
html. Accessed 28 Dec 2017.

2. International Diabetes Federation Guideline Development G. Global guideline for type 2 diabetes. Dia-
betes research and clinical practice. 2014; 104(1):1-52. https://doi.org/10.1016/j.diabres.2012.10.001
PMID: 24508150.

3. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al. Management of hyper-
glycemia in type 2 diabetes, 2015: a patient-centered approach: update to a position statement of the
American Diabetes Association and the European Association for the Study of Diabetes. Diabetes
Care. 2015; 38(1):140-9. https://doi.org/10.2337/dc14-2441 PMID: 25538310.

4. Del Prato S, Pulizzi N. The place of sulfonylureas in the therapy for type 2 diabetes mellitus. Metabo-
lism. 2006; 55(5 Suppl 1):S20-7. hitps://doi.org/10.1016/j.metabol.2006.02.003 PMID: 16631807.

5. Thule PM, Umpierrez G. Sulfonylureas: a new look at old therapy. Curr Diab Rep. 2014; 14(4):473.
https://doi.org/10.1007/s11892-014-0473-5 PMID: 24563333.

6. Rodbard HW, Jellinger PS, Davidson JA, Einhorn D, Garber AJ, Grunberger G, et al. Statement by an
American Association of Clinical Endocrinologists/American College of Endocrinology consensus panel
on type 2 diabetes mellitus: an algorithm for glycemic control. Endocr Pract. 2009; 15(6):540-59.
https://doi.org/10.4158/EP.15.6.540 PMID: 19858063.

7. Alvarez Guisasola F, Tofe Povedano S, Krishnarajah G, Lyu R, Mavros P, Yin D. Hypoglycaemic symp-
toms, treatment satisfaction, adherence and their associations with glycaemic goal in patients with type
2 diabetes mellitus: findings from the Real-Life Effectiveness and Care Patterns of Diabetes Manage-
ment (RECAP-DM) Study. Diabetes, obesity & metabolism. 2008; 10 Suppl 1:25-32. https://doi.org/10.
1111/j.1463-1326.2008.00882.x PMID: 18435671.

8. Barnett AH, Cradock S, Fisher M, Hall G, Hughes E, Middleton A. Key considerations around the risks
and consequences of hypoglycaemia in people with type 2 diabetes. International journal of clinical
practice. 2010; 64(8):1121-9. https://doi.org/10.1111/j.1742-1241.2009.02332.x PMID: 20236369.

9. Jansen JP, Trikalinos T, Cappelleri JC, Daw J, Andes S, Eldessouki R, et al. Indirect treatment compari-
son/network meta-analysis study questionnaire to assess relevance and credibility to inform health care
decision making: an ISPOR-AMCP-NPC Good Practice Task Force report. Value Health. 2014; 17
(2):157-73. https://doi.org/10.1016/j.jval.2014.01.004 PMID: 24636374.

10. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, et al. The PRISMA extension
statement for reporting of systematic reviews incorporating network meta-analyses of health care inter-
ventions: checklist and explanations. Ann Intern Med. 2015; 162(11):777-84. Epub 2015/06/02. https://
doi.org/10.7326/M14-2385 PMID: 26030634.

11.  Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The Cochrane Collabora-
tion’s tool for assessing risk of bias in randomised trials. BMJ. 2011; 343:d5928. https://doi.org/10.1136/
bmj.d5928 PMID: 22008217.

12. DerSimonian R, Laird N. Meta-analysis in clinical trials revisited. Contemp Clin Trials. 2015; 45(Pt
A):139-45. https://doi.org/10.1016/j.cct.2015.09.002 PMID: 26343745.

PLOS ONE | https://doi.org/10.1371/journal.pone.0202563  August 27, 2018 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202563.s015
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202563.s016
http://www.diabetesatlas.org/across-the-globe.html
http://www.diabetesatlas.org/across-the-globe.html
https://doi.org/10.1016/j.diabres.2012.10.001
http://www.ncbi.nlm.nih.gov/pubmed/24508150
https://doi.org/10.2337/dc14-2441
http://www.ncbi.nlm.nih.gov/pubmed/25538310
https://doi.org/10.1016/j.metabol.2006.02.003
http://www.ncbi.nlm.nih.gov/pubmed/16631807
https://doi.org/10.1007/s11892-014-0473-5
http://www.ncbi.nlm.nih.gov/pubmed/24563333
https://doi.org/10.4158/EP.15.6.540
http://www.ncbi.nlm.nih.gov/pubmed/19858063
https://doi.org/10.1111/j.1463-1326.2008.00882.x
https://doi.org/10.1111/j.1463-1326.2008.00882.x
http://www.ncbi.nlm.nih.gov/pubmed/18435671
https://doi.org/10.1111/j.1742-1241.2009.02332.x
http://www.ncbi.nlm.nih.gov/pubmed/20236369
https://doi.org/10.1016/j.jval.2014.01.004
http://www.ncbi.nlm.nih.gov/pubmed/24636374
https://doi.org/10.7326/M14-2385
https://doi.org/10.7326/M14-2385
http://www.ncbi.nlm.nih.gov/pubmed/26030634
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://doi.org/10.1016/j.cct.2015.09.002
http://www.ncbi.nlm.nih.gov/pubmed/26343745
https://doi.org/10.1371/journal.pone.0202563

@° PLOS | ONE

Antidiabetic drug plus sulfonylurea therapy for type 2 diabetes mellitus

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Statistics in medicine. 2002;
21(11):1539-58. https://doi.org/10.1002/sim.1186 PMID: 12111919.

Lu G, Ades AE. Combination of direct and indirect evidence in mixed treatment comparisons. Statistics
in medicine. 2004; 23(20):3105—-24. https://doi.org/10.1002/sim.1875 PMID: 15449338.

Caldwell DM, Ades AE, Higgins JP. Simultaneous comparison of multiple treatments: combining direct
and indirect evidence. Bmj. 2005; 331(7521):897-900. https://doi.org/10.1136/bm|.331.7521.897
PMID: 16223826.

Chaimani A, Higgins JP, Mavridis D, Spyridonos P, Salanti G. Graphical tools for network meta-analysis
in STATA. PloS one. 2013; 8(10):e76654. https://doi.org/10.1371/journal.pone.0076654 PMID:
24098547.

White IR, Barrett JK, Jackson D, Higgins JP. Consistency and inconsistency in network meta-analysis:
model estimation using multivariate meta-regression. Research synthesis methods. 2012; 3(2):111-25.
https://doi.org/10.1002/jrsm.1045 PMID: 26062085.

Salanti G, Ades AE, loannidis JP. Graphical methods and numerical summaries for presenting results
from multiple-treatment meta-analysis: an overview and tutorial. Journal of clinical epidemiology. 2011;
64(2):163—71. https://doi.org/10.1016/}.jclinepi.2010.03.016 PMID: 206884 72.

Keus F, Wetterslev J, Gluud C, Gooszen HG, van Laarhoven CJ. Robustness assessments are needed
to reduce bias in meta-analyses that include zero-event randomized trials. Am J Gastroenterol. 2009;
104(3):546-51. https://doi.org/10.1038/2jg.2008.22 PMID: 19262513,

Turner RM, Davey J, Clarke MJ, Thompson SG, Higgins JP. Predicting the extent of heterogeneity in
meta-analysis, using empirical data from the Cochrane Database of Systematic Reviews. International
journal of epidemiology. 2012; 41(3):818-27. https://doi.org/10.1093/ije/dys041 PMID: 22461129.

Veroniki AA, Vasiliadis HS, Higgins JP, Salanti G. Evaluation of inconsistency in networks of interven-
tions. International journal of epidemiology. 2013; 42(1):332—45. https://doi.org/10.1093/ije/dys222
PMID: 23508418.

Higgins JP, Jackson D, Barrett JK, Lu G, Ades AE, White IR. Consistency and inconsistency in network
meta-analysis: concepts and models for multi-arm studies. Research synthesis methods. 2012; 3
(2):98-110. https://doi.org/10.1002/jrsm.1044 PMID: 26062084.

Chaimani A, Higgins JP, Mavridis D, Spyridonos P, Salanti G. Graphical tools for network meta-analysis
in STATA. PloS one. 2013; 8(10):e76654. https://doi.org/10.1371/journal.pone.0076654 PMID:
24098547.

BaJ, Han P, Yuan G, Mo Z, Pan C, Wu F, et al. Randomized trial assessing the safety and efficacy of
sitagliptin in Chinese patients with type 2 diabetes mellitus inadequately controlled on sulfonylurea
alone or combined with metformin. Journal of Diabetes. 2017; 9(7):667—76. https://doi.org/10.1111/
1753-0407.12456 PMID: 27502307.

Gantz |, Okamoto T, lto Y, Sato A, Okuyama K, O’Neill EA, et al. A Randomized, Placebo-Controlled
Trial Evaluating the Safety and Efficacy of Adding Omarigliptin to Antihyperglycemic Therapies in Japa-
nese Patients with Type 2 Diabetes and Inadequate Glycemic Control. Diabetes therapy: research,
treatment and education of diabetes and related disorders. 2017; 8(4):793-810. https://doi.org/10.
1007/s13300-017-0270-7 PMID: 28589493.

Yang W, Xing X, Lv X, Li Y, Ma J, Yuan G, et al. Vildagliptin added to sulfonylurea improves glycemic
control without hypoglycemia and weight gain in Chinese patients with type 2 diabetes mellitus. J Diabe-
tes. 2015; 7(2):174-81. https://doi.org/10.1111/1753-0407.12169 PMID: 24823599.

Hermansen K, Kipnes M, Luo E, Fanurik D, Khatami H, Stein P, et al. Efficacy and safety of the dipepti-
dyl peptidase-4 inhibitor, sitagliptin, in patients with type 2 diabetes mellitus inadequately controlled on
glimepiride alone or on glimepiride and metformin. Diabetes, obesity & metabolism. 2007; 9(5):733—45.
https://doi.org/10.1111/j.1463-1326.2007.00744.x PMID: 17593236.

Barnett AH, Huisman H, Jones R, von Eynatten M, Patel S, Woerle HJ. Linagliptin for patients aged 70
years or older with type 2 diabetes inadequately controlled with common antidiabetes treatments: a ran-
domised, double-blind, placebo-controlled trial. Lancet. 2013; 382(9902):1413-23. https://doi.org/10.
1016/S0140-6736(13)61500-7 PMID: 23948125.

Garber AJ, Foley JE, Banerji MA, Ebeling P, Gudbjornsdottir S, Camisasca RP, et al. Effects of vilda-
gliptin on glucose control in patients with type 2 diabetes inadequately controlled with a sulphonylurea.
Diabetes, obesity & metabolism. 2008; 10(11):1047-56. https://doi.org/10.1111/j.1463-1326.2008.
00859.x PMID: 18284434,

Pratley RE, Kipnes MS, Fleck PR, Wilson C, Mekki Q, Alogliptin Study G. Efficacy and safety of the
dipeptidyl peptidase-4 inhibitor alogliptin in patients with type 2 diabetes inadequately controlled by gly-
buride monotherapy. Diabetes, obesity & metabolism. 2009; 11(2):167—-76. https://doi.org/10.1111/].
1463-1326.2008.01016.x PMID: 19125778.

PLOS ONE | https://doi.org/10.1371/journal.pone.0202563  August 27, 2018 15/17


https://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
https://doi.org/10.1002/sim.1875
http://www.ncbi.nlm.nih.gov/pubmed/15449338
https://doi.org/10.1136/bmj.331.7521.897
http://www.ncbi.nlm.nih.gov/pubmed/16223826
https://doi.org/10.1371/journal.pone.0076654
http://www.ncbi.nlm.nih.gov/pubmed/24098547
https://doi.org/10.1002/jrsm.1045
http://www.ncbi.nlm.nih.gov/pubmed/26062085
https://doi.org/10.1016/j.jclinepi.2010.03.016
http://www.ncbi.nlm.nih.gov/pubmed/20688472
https://doi.org/10.1038/ajg.2008.22
http://www.ncbi.nlm.nih.gov/pubmed/19262513
https://doi.org/10.1093/ije/dys041
http://www.ncbi.nlm.nih.gov/pubmed/22461129
https://doi.org/10.1093/ije/dys222
http://www.ncbi.nlm.nih.gov/pubmed/23508418
https://doi.org/10.1002/jrsm.1044
http://www.ncbi.nlm.nih.gov/pubmed/26062084
https://doi.org/10.1371/journal.pone.0076654
http://www.ncbi.nlm.nih.gov/pubmed/24098547
https://doi.org/10.1111/1753-0407.12456
https://doi.org/10.1111/1753-0407.12456
http://www.ncbi.nlm.nih.gov/pubmed/27502307
https://doi.org/10.1007/s13300-017-0270-7
https://doi.org/10.1007/s13300-017-0270-7
http://www.ncbi.nlm.nih.gov/pubmed/28589493
https://doi.org/10.1111/1753-0407.12169
http://www.ncbi.nlm.nih.gov/pubmed/24823599
https://doi.org/10.1111/j.1463-1326.2007.00744.x
http://www.ncbi.nlm.nih.gov/pubmed/17593236
https://doi.org/10.1016/S0140-6736(13)61500-7
https://doi.org/10.1016/S0140-6736(13)61500-7
http://www.ncbi.nlm.nih.gov/pubmed/23948125
https://doi.org/10.1111/j.1463-1326.2008.00859.x
https://doi.org/10.1111/j.1463-1326.2008.00859.x
http://www.ncbi.nlm.nih.gov/pubmed/18284434
https://doi.org/10.1111/j.1463-1326.2008.01016.x
https://doi.org/10.1111/j.1463-1326.2008.01016.x
http://www.ncbi.nlm.nih.gov/pubmed/19125778
https://doi.org/10.1371/journal.pone.0202563

@° PLOS | ONE

Antidiabetic drug plus sulfonylurea therapy for type 2 diabetes mellitus

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

Chacra AR, Tan GH, Apanovitch A, Ravichandran S, List J, Chen R. Saxagliptin added to a submaximal
dose of sulphonylurea improves glycaemic control compared with uptitration of sulphonylurea in

patients with type 2 diabetes: a randomised controlled trial. International journal of clinical practice. Int J
Clin Pract. 2009; 63(9):1395-4086. https://doi.org/10.1111/j.1742-1241.2009.02143.x PMID: 19614786

Yale JF, Xie J, Sherman SE, Garceau C. Canagliflozin in Conjunction With Sulfonylurea Maintains Gly-
cemic Control and Weight Loss Over 52 Weeks: A Randomized, Controlled Trial in Patients With Type
2 Diabetes Mellitus. Clinical therapeutics. 2017; 39(11):2230—42.e2. https://doi.org/10.1016/j.clinthera.
2017.10.003 PMID: 29103664.

Dungan KM, Weitgasser R, Perez Manghi F, Pintilei E, Fahrbach JL, Jiang HH, et al. A 24-week study
to evaluate the efficacy and safety of once-weekly dulaglutide added on to glimepiride in type 2 diabetes
(AWARD-8). Diabetes, obesity & metabolism. 2016; 18(5):475-82. https://doi.org/10.1111/dom.12634
PMID: 26799540.

Forst T, Koch C, Dworak M. Vildagliptin versus insulin in patients with type 2 diabetes mellitus inade-
quately controlled with sulfonylurea: results from a randomized, 24 week study. Current medical
research and opinion. 2015; 31(6): 1079-84. https://doi.org/10.1185/03007995.2015.1039936 PMID:
25867771.

Strojek K, Yoon KH, Hruba V, Sugg J, Langkilde AM, Parikh S. Dapagliflozin added to glimepiride in
patients with type 2 diabetes mellitus sustains glycemic control and weight loss over 48 weeks: a ran-
domized, double-blind, parallel-group, placebo-controlled trial. Diabetes therapy: research, treatment
and education of diabetes and related disorders. 2014; 5(1):267-83. https://doi.org/10.1007/s13300-
014-0072-0 PMID: 24920277

Hsieh SH, Shih KC, Chou CW, Chu CH. Evaluation of the efficacy and tolerability of miglitol in Chinese
patients with type 2 diabetes mellitus inadequately controlled by diet and sulfonylureas. Acta diabetolo-
gica. 2011; 48(1):71-7. https://doi.org/10.1007/s00592-010-0220-6 PMID: 20963449.

Scheen AJ, Tan MH, Betteridge DJ, Birkeland K, Schmitz O, Charbonnel B. Long-term glycaemic
effects of pioglitazone compared with placebo as add-on treatment to metformin or sulphonylurea
monotherapy in PROactive (PROactive 18). Diabet Med. 2009; 26(12):1242-9. https://doi.org/10.1111/
j.1464-5491.2009.02857.x PMID: 20002476.

Marre M, Shaw J, Brandle M, Bebakar WM, Kamaruddin NA, Strand J, et al. Liraglutide, a once-daily
human GLP-1 analogue, added to a sulphonylurea over 26 weeks produces greater improvements in
glycaemic and weight control compared with adding rosiglitazone or placebo in subjects with Type 2 dia-
betes (LEAD-1 SU). Diabet Med. 2009; 26(3):268-78. https://doi.org/10.1111/1.1464-5491.2009.02666.
x PMID: 19317822.

Davidson JA, McMorn SO, Waterhouse BR, Cobitz AR. A 24-week, multicenter, randomized, double-
blind, placebo-controlled, parallel-group study of the efficacy and tolerability of combination therapy with
rosiglitazone and sulfonylurea in African American and Hispanic American patients with type 2 diabetes
inadequately controlled with sulfonylurea monotherapy. Clinical therapeutics. 2007; 29(9):1900-14.
https://doi.org/10.1016/j.clinthera.2007.09.011 PMID: 18035190.

Buse JB, Henry RR, Han J, Kim DD, Fineman MS, Baron AD, et al. Effects of exenatide (exendin-4) on
glycemic control over 30 weeks in sulfonylurea-treated patients with type 2 diabetes. Diabetes Care.
2004; 27(11):2628-35. PMID: 15504997.

Araki E, Tanizawa Y, Tanaka Y, Taniguchi A, Koiwai K, Kim G, et al. Long-term treatment with empagli-
flozin as add-on to oral antidiabetes therapy in Japanese patients with type 2 diabetes mellitus. Diabe-
tes, obesity & metabolism. 2015; 17(7):665-74. https://doi.org/10.1111/dom.12464 PMID: 25772548.

Kobayashi K, Yokoh H, Sato Y, Takemoto M, Uchida D, Kanatsuka A, et al. Efficacy and safety of the
dipeptidyl peptidase-4 inhibitor sitagliptin compared with alpha-glucosidase inhibitor in Japanese
patients with type 2 diabetes inadequately controlled on sulfonylurea alone (SUCCESS-2): a multicen-
ter, randomized, open-label, non-inferiority trial. Diabetes, obesity & metabolism [Internet]. 2014; 16(8):
761-5. https://doi.org/10.1111/dom.12264 PMID: 24447683.

Wolffenbuttel BH, Gomis R, Squatrito S, Jones NP, Patwardhan RN. Addition of low-dose rosiglitazone
to sulphonylurea therapy improves glycaemic control in Type 2 diabetic patients. Diabet Med. 2000; 17
(1):40-7. PMID: 10691158.

Kaku K, Rasmussen MF, Clauson P, Seino Y. Improved glycaemic control with minimal hypoglycaemia
and no weight change with the once-daily human glucagon-like peptide-1 analogue liraglutide as add-
on to sulphonylurea in Japanese patients with type 2 diabetes. Diabetes, obesity & metabolism. 2010;
12(4):341-7. https://doi.org/10.1111/j.1463-1326.2009.01194.x PMID: 20380655.

Zhu XX, Pan CY, Li GW, Shi HL, Tian H, Yang WY, et al. Addition of rosiglitazone to existing sulfonyl-
urea treatment in chinese patients with type 2 diabetes and exposure to hepatitis B or C. Diabetes tech-
nology & therapeutics. 2003; 5(1):33—42. hitps://doi.org/10.1089/152091503763816445 PMID:
12725705.

PLOS ONE | https://doi.org/10.1371/journal.pone.0202563  August 27, 2018 16/17


https://doi.org/10.1111/j.1742-1241.2009.02143.x
http://www.ncbi.nlm.nih.gov/pubmed/19614786
https://doi.org/10.1016/j.clinthera.2017.10.003
https://doi.org/10.1016/j.clinthera.2017.10.003
http://www.ncbi.nlm.nih.gov/pubmed/29103664
https://doi.org/10.1111/dom.12634
http://www.ncbi.nlm.nih.gov/pubmed/26799540
https://doi.org/10.1185/03007995.2015.1039936
http://www.ncbi.nlm.nih.gov/pubmed/25867771
https://doi.org/10.1007/s13300-014-0072-0
https://doi.org/10.1007/s13300-014-0072-0
http://www.ncbi.nlm.nih.gov/pubmed/24920277
https://doi.org/10.1007/s00592-010-0220-6
http://www.ncbi.nlm.nih.gov/pubmed/20963449
https://doi.org/10.1111/j.1464-5491.2009.02857.x
https://doi.org/10.1111/j.1464-5491.2009.02857.x
http://www.ncbi.nlm.nih.gov/pubmed/20002476
https://doi.org/10.1111/j.1464-5491.2009.02666.x
https://doi.org/10.1111/j.1464-5491.2009.02666.x
http://www.ncbi.nlm.nih.gov/pubmed/19317822
https://doi.org/10.1016/j.clinthera.2007.09.011
http://www.ncbi.nlm.nih.gov/pubmed/18035190
http://www.ncbi.nlm.nih.gov/pubmed/15504997
https://doi.org/10.1111/dom.12464
http://www.ncbi.nlm.nih.gov/pubmed/25772548
https://doi.org/10.1111/dom.12264
http://www.ncbi.nlm.nih.gov/pubmed/24447683
http://www.ncbi.nlm.nih.gov/pubmed/10691158
https://doi.org/10.1111/j.1463-1326.2009.01194.x
http://www.ncbi.nlm.nih.gov/pubmed/20380655
https://doi.org/10.1089/152091503763816445
http://www.ncbi.nlm.nih.gov/pubmed/12725705
https://doi.org/10.1371/journal.pone.0202563

@° PLOS | ONE

Antidiabetic drug plus sulfonylurea therapy for type 2 diabetes mellitus

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Seufert J, Urquhart R. 2-year effects of pioglitazone add-on to sulfonylurea or metformin on oral glucose
tolerance in patients with type 2 diabetes. Diabetes research and clinical practice. 2008; 79(3):453-60.
https://doi.org/10.1016/j.diabres.2007.11.014 PMID: 18160120.

Bachmann W, Petzinna D, Raptis SA, Wascher T, Westermeier T. Long-term improvement of metabolic
control by acarbose in type 2 diabetes patients poorly controlled with maximum sulfonylurea therapy.
Clin Drug Investig. 2003; 23(10):679-86. PMID: 17535083.

Salvo F, Moore N, Arnaud M, Robinson P, Raschi E, De Ponti F, et al. Addition of dipeptidyl peptidase-4
inhibitors to sulphonylureas and risk of hypoglycaemia: systematic review and meta-analysis. Bmj.
2016; 353:i2231. https://doi.org/10.1136/bm|.i2231 PMID: 27142267

Huang ES, Laiteerapong N, Liu JY, John PM, Moffet HH, Karter AJ. Rates of complications and mortal-
ity in older patients with diabetes mellitus: the diabetes and aging study. JAMA Intern Med. 2014; 174
(2):251-8. https://doi.org/10.1001/jamainternmed.2013.12956 PMID: 24322595.

Frier BM. Hypoglycaemia in diabetes mellitus: epidemiology and clinical implications. Nature reviews
Endocrinology. 2014; 10(12):711-22. https://doi.org/10.1038/nrendo.2014.170 PMID: 25287289.

Goto A, Arah OA, Goto M, Terauchi Y, Noda M. Severe hypoglycaemia and cardiovascular disease:
systematic review and meta-analysis with bias analysis. Bmj. 2013; 347:f4533. https://doi.org/10.1136/
bmj.f4533 PMID: 23900314.

Bakatselos SO. Hypoglycemia unawareness. Diabetes research and clinical practice. 2011; 93 Suppl 1:
S$92-6. https://doi.org/10.1016/s0168-8227(11)70020-1 PMID: 21864759.

Ashcroft FM, Rorsman P. Diabetes mellitus and the beta cell: the last ten years. Cell. 2012; 148
(6):1160-71. https://doi.org/10.1016/j.cell.2012.02.010 PMID: 22424227

Matveyenko AV, Butler PC. Relationship between beta-cell mass and diabetes onset. Diabetes, obesity
& metabolism. 2008; 10 Suppl 4:23-31. https://doi.org/10.1111/j.1463-1326.2008.00939.x PMID:
18834430.

Group. UPDSU. Intensive blood-glucose control with sulphonylureas or insulin compared with conven-
tional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). UK Prospective
Diabetes Study (UKPDS) Group. Lancet. 1998; 352(9131):837-53. PMID: 9742976.

Vilsboll T, Christensen M, Junker AE, Knop FK, Gluud LL. Effects of glucagon-like peptide-1 receptor
agonists on weight loss: systematic review and meta-analyses of randomised controlled trials. Bmj.
2012; 344:d7771. https://doi.org/10.1136/bmj.d7771 PMID: 222364 11.

Kay S, Strickson A, Puelles J, Selby R, Benson E, Tolley K. Comparative Effectiveness of Adding Alo-
gliptin to Metformin Plus Sulfonylurea with Other DPP-4 Inhibitors in Type 2 Diabetes: A Systematic
Review and Network Meta-Analysis. Diabetes Therapy. 2017; 8(2):251-73. https://doi.org/10.1007/
513300-017-0245-8 PMID: 28275958.

PLOS ONE | https://doi.org/10.1371/journal.pone.0202563  August 27, 2018 17/17


https://doi.org/10.1016/j.diabres.2007.11.014
http://www.ncbi.nlm.nih.gov/pubmed/18160120
http://www.ncbi.nlm.nih.gov/pubmed/17535083
https://doi.org/10.1136/bmj.i2231
http://www.ncbi.nlm.nih.gov/pubmed/27142267
https://doi.org/10.1001/jamainternmed.2013.12956
http://www.ncbi.nlm.nih.gov/pubmed/24322595
https://doi.org/10.1038/nrendo.2014.170
http://www.ncbi.nlm.nih.gov/pubmed/25287289
https://doi.org/10.1136/bmj.f4533
https://doi.org/10.1136/bmj.f4533
http://www.ncbi.nlm.nih.gov/pubmed/23900314
https://doi.org/10.1016/s0168-8227(11)70020-1
http://www.ncbi.nlm.nih.gov/pubmed/21864759
https://doi.org/10.1016/j.cell.2012.02.010
http://www.ncbi.nlm.nih.gov/pubmed/22424227
https://doi.org/10.1111/j.1463-1326.2008.00939.x
http://www.ncbi.nlm.nih.gov/pubmed/18834430
http://www.ncbi.nlm.nih.gov/pubmed/9742976
https://doi.org/10.1136/bmj.d7771
http://www.ncbi.nlm.nih.gov/pubmed/22236411
https://doi.org/10.1007/s13300-017-0245-8
https://doi.org/10.1007/s13300-017-0245-8
http://www.ncbi.nlm.nih.gov/pubmed/28275958
https://doi.org/10.1371/journal.pone.0202563

