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Abstract (Word Count: 300 / 300)

Background: Previous meta-analyses of the benefits and harms of glucagon-like
peptide-1 receptor agonists (GLP1RAs) have been limited to specific outcomes and
comparisons and often included short-term results. We aimed to estimate the longer-
term effects of GLP1RAs on cardiovascular risk factors, microvascular and
macrovascular complications, mortality, and adverse events in patients with type 2
diabetes, compared to placebo and other anti-hyperglycemic medications.

Methods: We searched Pubmed, Scopus, and clinicaltrials.gov (inception — July 2019)
for randomized controlled trials = 52 weeks’ duration that compared a GLP1RA to
placebo or other anti-hyperglycemic medication and included at least one outcome of
interest. Outcomes included cardiovascular risk factors, microvascular and
macrovascular complications, all-cause mortality, and treatment-related adverse events.
We performed random effects meta-analyses to give summary estimates using
weighted mean differences (MD) and pooled relative risks (RR). Risk of bias was
assessed using the Cochrane Collaboration risk of bias in randomized trials tool. Quality
of evidence was summarized using the Grading of Recommendations, Assessment,
Development, and Evaluation approach. The study was registered a priori with
PROSPERO (CRD42018090506).

Results: Forty-five trials with a mean duration of 1.7 years comprising 71,517 patients
were included. Compared to placebo, GLP1RAs reduced cardiovascular risk factors,
microvascular complications (including renal events, RR 0.85, 0.80-0.90),
macrovascular complications (including stroke, RR 0.86, 0.78-0.95), and mortality (RR
0.89, 0.84-0.94). Compared to other anti-hyperglycemic medications, GLP1RAs only
reduced cardiovascular risk factors. Increased gastrointestinal events causing treatment
discontinuation were observed in both comparisons.

Discussion: GLP1RAs reduced cardiovascular risk factors and increased
gastrointestinal events compared to placebo and other anti-hyperglycemic medications.
GLP1RAs also reduced MACE, stroke, renal events, and mortality in comparisons with
placebo; however, analyses were inconclusive for comparisons with other anti-
hyperglycemic medications. Given the high costs of GLP1RAs, the lack of long-term
evidence comparing GLP1RAs to other anti-hyperglycemic medications has significant
policy and clinical practice implications.



Word Count (3196 / 3500)

BACKGROUND

Type 2 diabetes (T2D) affects more than 30 million adults in the US and over 9% of the
worldwide population.! Patients with T2D are at an increased risk of atherosclerotic
cardiovascular disease (ASCVD) and develop ASCVD approximately 15 years earlier
compared to patients without T2D.? Recently, results from several large randomized
trials of the glucagon-like peptide-1 receptor agonists (GLP1RAs) have shown that, in
addition to lowering hemoglobin Aic (HbA1c), GLP1RAs may also reduce ASCVD.

However, not all of these large trials comparing GLP1RAs to placebo demonstrated
cardiovascular benefit. Reductions in ASCVD, as measured by primary major adverse
cardiovascular event (MACE) outcomes, were observed in LEADER? (liraglutide),
SUSTAIN-6* (semaglutide), and REWIND? (dulaglutide) for GLP1RAs, compared to
placebo. Additionally, LEADER demonstrated reduced rates of cardiovascular death
and all-cause mortality with liraglutide compared to placebo.? In contrast, no differences
in MACE outcomes were found in ELIXA® (lixisenatide) or EXSCEL’ (exenatide).

Many systematic reviews have attempted to quantify the efficacy of GLP1RAs given
these discrepant results. However, the scope of these previous reviews has been
limited. The maijority of reviews have examined only one or two categories of clinically
important outcomes (either cardiovascular risk factors,?'# microvascular outcomes,'®
MACE,'6-1® mortality,!” or adverse events®'':12.20), Furthermore, the majority of these
reviews restricted inclusion to comparisons with placebo'>18-21 or specific diabetic drugs
(metformin,?2 insulin,'-* within GLP1RA class comparisons,'223 dipeptyl peptidase-4
inhibitor (DPP41),'® sodium-glucose co-transporter-2 inhibitor'?), thereby eliminating
many clinical trial results from consideration. Finally, prior reviews included trials with
short follow-up times (< 6 months),8-14.16-20.23-26 which report benefits that may or may
not be sustained and may underestimate adverse events that accrue over time.?"28

To date, a comprehensive review of longer-term benefits and harms of GLP1RAs vs.
placebo and other anti-hyperglycemic medications has not been published. Therefore,
we conducted a meta-analysis of all randomized trials of GLP1RAs compared to
placebo or other anti-hyperglycemic medications for patients with T2D, with at least 52
weeks study duration, and that reported cardiovascular risk factor changes,
microvascular or macrovascular complications, all-cause mortality, or treatment-related
adverse events.

METHODS

The study protocol is reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)?° and was registered a priori with
the International Prospective Register of Systematic Reviews (PROSPERO,
CRD42018090506)% database (eTable 1).

A systematic search of PubMed, Scopus, and clinicaltrials.gov was conducted from
inception to July 2019. No language restrictions were used. Details of the search terms
are available in eTable 2. We used search terms reflecting the words “diabetes” and



either “glucagon-like peptide 1” or individual GLP1RA drug names. After removing
duplicates, articles that were not relevant were excluded by title, abstract, or full-text
review by two reviewers. If there were disagreements during title or abstract review,
articles were automatically moved to full-text review. During full-text review,
disagreements were resolved by consensus. Finally, a hand search of citations from
published systematic reviews was completed.

Studies were eligible if they were randomized controlled trials with 1) treatment
comparisons of GLP1RA vs. placebo and/or other anti-hyperglycemic medications, 2)
duration of at least 52 weeks, 3) adults age 18 years or older with T2D, and 4) at least
one outcome of interest.

Outcomes of interest included cardiovascular risk factors, microvascular and
macrovascular complications, all-cause mortality, and treatment-related adverse events.
Cardiovascular risk factors included HbA1c, systolic blood pressure (SBP), heart rate,
body mass index (BMI), weight, low-density lipoprotein (LDL), high-density lipoprotein
(HDL), and estimated glomerular filtration rate (eGFR). Macrovascular complications
included myocardial infarction (M), heart failure, stroke, and composite macrovascular
complications (three-, five-, and six-component MACE outcomes) (eTable 3).
Microvascular complications included retinopathy, blindness, foot ulcer, end-stage renal
disease (ESRD), or any renal event (eTable 3). We included all adverse events, but
report results for adverse events with sufficient number of trials to make inferences: any
hypoglycemia, severe hypoglycemia, gastrointestinal (Gl) events leading to treatment
discontinuation, any pancreatitis, pancreatic cancer, medullary thyroid cancer, and bone
fracture (eTable 3). Due to inconsistencies in how cardiovascular death was defined
across trials, we did not analyze cardiovascular death as an outcome.

Data were independently extracted and quality of evidence was judged by two of five
reviewers (J.A., E.S., M.F., AK., and N.L.). Data were extracted for all outcomes at all
study follow-up time periods. Discrepancies were resolved by a third reviewer and
discussion if necessary. To assess risk of bias, we utilized the Cochrane Collaboration
risk of bias in randomized trials tool with five bias domains (sequence generation,
blinding, attrition, detection, and reporting).3' For attrition bias, we assigned less than
10% loss to follow-up as low risk of bias, and judged higher rates as either moderate or
high risk based on likelihood of threatening the internal validity of the results.3? Studies
were judged to have an overall high risk of bias if one or more domains were high risk,
or if three or more domains were moderate risk for bias. Quality of evidence across
trials was synthesized using the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) approach for the seven most clinically relevant
outcomes (HbA1c, mortality, 3-component MACE, stroke, MI, renal events, and adverse
Gl events).

We applied the following rules for our synthesis. For trials reporting results for more
than one time period, we included results for the period with the lowest risk of bias for
HbA1c. If a trial had the same risk of bias for more than one follow-up period, then the
results from the longest follow-up period was included. If a trial had study arms with



different drug dosages, we included the study arm that matched the dosage level in the
comparison group and most closely matched the other included trials. If the comparison
group was placebo or had an unspecified dosage, we included the higher dose study
arm. Finally, if drugs were titrated per protocol, we used the maximum allowable dose to
categorize the dosage level (eTable 4).

Statistical Analysis

When there were at least two trials, we performed pooled analyses using random
effects models. Weighted mean differences (MDs) were calculated for continuous
outcomes, and pooled relative risks (RRs) were calculated for dichotomous outcomes.
For RR calculations where no events were reported, we added a 0.5 correction.3® When
evaluating binary outcomes, we preferentially used event rates where possible, and if
unavailable, we used hazard ratios. Trial heterogeneity was assessed subjectively and
with the |2 statistic. Publication bias was assessed by funnel plots, and for outcomes
with at least 10 studies, with Egger’s and Begg’s tests.3*

For outcomes in which there were at least 10 studies®® and the I was = 50% we
explored heterogeneity by using subgroup analyses. Subgroup analyses varied by
outcome and were determined based on authors’ clinical judgment (J.A. and N.L.).
Subgroup analyses included restricting analyses to 1) trials with high dosages of
GLP1RAs, 2) trials in which GLP1RAs were combined with background anti-
hyperglycemic medication, 3) trials in which GLP1RAs did not include a standard care
approach where other anti-hyperglycemic medications were permitted in addition to the
study drug, and stratifying trials by 4) the percentage of their population with ASCVD, 5)
study duration, 6) baseline HbA1c, and 7) baseline BMI. For comparisons of GLP1RAs
vs. other anti-hyperglycemic medications, subgroup analyses by other anti-
hyperglycemic medications class were also conducted. SAS version 9.4 software was
used for all analyses.

RESULTS

Search Results

Of the 39,396 articles identified, 55 articles comprising 45 trials (n=71,517) met
inclusion criteria (Figure 1). Among the included trials, 17 trials (n=61,330) compared
GLP1RAs vs. placebo (eTable 5) and 30 trials (n=19,785) compared GLP1RAs vs.
other anti-hyperglycemic medications (eTable 6). Two trials had comparisons with both
placebo and another anti-hyperglycemic medication.

Among placebo-controlled trials, six of the 17 placebo-controlled trials required
participants to have a high risk for or pre-existing ASCVD (eTable 7). Patients tended to
be in their fifth or sixth decade of life, white, male, and obese (mean BMI ranged from
30 to 35 in 14 of 16 trials that reported mean BMI), with a baseline HbA1c ranging from
7-9% and median diabetes duration of more than six years (eTable 8).

In trials comparing GLP1RAs vs. other anti-hyperglycemic medications, patient
characteristics were similar to placebo-controlled trials; however, Asian race was more
common because five trials were conducted exclusively in Asia (eTable 9). The



comparison group was insulin in 12 trials, a DPP4l in nine trials, a sulfonylurea in five
trials, and other drugs in four trials. Only two of these trials required pre-existing ASCVD
(eTable 7). These trials more often included cardiovascular risk factors, mortality, and
adverse event outcomes compared to placebo-controlled trials (eTables 10-11).

The quality of evidence across trials using the GRADE approach for the seven most
clinically relevant outcomes is summarized in Table 1. Details about the risk of bias are
available in several eTables (eTables 12-24). In general, the risk of bias due to
sequence generation, detection, and reporting was judged as low for the maijority of the
included studies. For studies in which the overall risk of bias was judged as moderate or
high risk, the most common reason was due to attrition. Among placebo-controlled
trials, the overall quality of evidence was judged as high for six of the seven outcomes,
with HbA1c receiving a moderate overall rating due to the presence of attrition bias. In
trials comparing GLP1RAs to other anti-hyperglycemic medications, the overall quality
of evidence ratings was more variable. In particular, risk of bias and imprecision led to
low quality of evidence ratings for the outcomes of myocardial infarction, stroke, and
any renal event. No publication bias was detected for any of the seven outcomes for
either comparison (eFigures 1-4).

Cardiovascular Risk Factors

GLP1RAs led to lower HbA1c levels compared to both placebo (MD = -0.67%, 95% CI -
0.77% to -0.58%, 1> = 93%) and other anti-hyperglycemic medications (-0.37%, -0.53%
to -0.22%, 12 = 93%) (Figure 2, Figure 3, eTable 25). Similar reductions in HbA1c
favoring GLP1RAs were observed in trials where participants received background
medications at baseline, and in trials where participants were not permitted to receive
other anti-hyperglycemic medications in addition to the study drug (eTable 26).
GLP1RAs also reduced SBP (vs. placebo, -1.75 mmHg, -2.14 to -1.35 mmHg, 12 = 48%;
vs. other anti-hyperglycemic medications, -1.90 mmHg, -2.57 to -1.22 mmHg, 12 = 32%),
weight (vs placebo, -1.84 kg, -2.37 to -1.30 kg, 1> = 95%; vs other anti-hyperglycemic
medications, -3.39 kg, -4.13 to -2.66 kg, 1> = 94%), BMI (vs placebo, -1.12 kg/m?, -1.67
to -0.57 kg/m?, I = 96%; vs other anti-hyperglycemic medications, -2.07 kg/m?, -2.74 to
-1.39 kg/m?, 1> = 96%), and LDL (vs placebo, -0.04 mmol/L, -0.06 to -0.02, I = 0%; vs
other anti-hyperglycemic medications, -0.04 mmol/L, -0.09 to 0 mmol/L, I = 0%). Heart
rate increased by about 2 bpm (vs. placebo, 2.22 bpm, 1.69 to 2.75 bpm, I°> = 88%; vs.
other anti-hyperglycemic medication, 1.81 bpm, 1.23 to 2.39 bpm, 1?2 = 57%). In
subgroup analyses of cardiovascular risk factors, results did not vary (eTable 26 and
eTable 27), except GLP1RAs led to larger reductions in HbA1c when compared to
DPP4ls, had greater reductions in SBP when compared to sulfonylureas or insulin, and
greater reductions in weight when compared to sulfonylureas, TZDs, or insulin.

Macrovascular and Microvascular Outcomes

The 3-component MACE outcome favored GLP1RAs compared to placebo (RR = 0.87,
0.82 to 0.93, 12 =23%). GLP1RAs led to fewer strokes (0.86, 0.78 to 0.95, I> = 0%) and
renal events (0.85, 0.80 to 0.90, 1> = 0%) compared to placebo (Figure 4; eTable 25).
No differences in 5- or 6-component MACE, fatal or non-fatal Ml, heart failure,
retinopathy, or blindness were observed. No differences in any macrovascular or



microvascular outcomes were observed between GLP1RAs and other anti-
hyperglycemic medications, although the number of patients analyzed for each outcome
was limited (Figure 5; eTable 25). Results were consistent across subgroup analyses
(eTable 26 and eTable 27).

Mortality

When compared to placebo, GLP1RAs had a lower risk of death (RR = 0.89, 0.84 to
0.94, 12 = 0%). Mortality was not different between GLP1RAs and other anti-
hyperglycemic medications (RR = 0.68, 0.42 to 1.11, 12 = 0%). Subgroup analyses
yielded consistent results (eTables 26 and 27).

Adverse Events

Compared to both placebo and other anti-hyperglycemic medications, GLP1RAs had
more frequent Gl events (RR = 3.84, 2.59 to 5.70, 1> = 52%; 3.32, 1.95 t0 5.65, I? =
42%, respectively) (Figure 4 and 5; eTable 25). Comparing GLP1RAs to placebo, no
differences in any or severe hypoglycemic events were observed, but in comparisons to
other anti-hyperglycemic medications, GLP1RAs were less likely associated with any or
severe hypoglycemic events (RR = 0.73, 0.62 to 0.86; 0.59, 0.37 to 0.95). In subgroup
analyses by drug class, GLP1RAs led to fewer hypoglycemic events in comparisons
with sulfonylureas (RR = 0.33, 0.22 to 0.49) and insulin (RR = 0.67, 0.56 to 0.80), but
there was no difference with DPP4Is (RR = 1.23, 0.85 to 1.78). No differences with
pancreatic cancer, medullary thyroid cancer, or pancreatitis were observed.

DISCUSSION

Our systematic review and meta-analysis is the first to comprehensively assess the
long-term safety and efficacy of GLP1RAs compared to placebo, and the first to
compare the effectiveness to other anti-hyperglycemic drugs overall. We found that
GLP1RAs compared to placebo were associated with at least one-year reductions in
cardiovascular risk factors (including HbA1c, weight, BMI, SBP, and HR), renal events,
macrovascular outcomes (stroke and 3-component MACE), and mortality, and
increases in Gl adverse events. In comparisons to other anti-hyperglycemic
medications, GLP1RAs were associated with reductions in cardiovascular risk factors,
increases in Gl adverse events, and fewer hypoglycemic events than sulfonylureas and
insulin. No difference in mortality was observed. Furthermore, we did not find sufficient
data allowing conclusions on how GLP1RAs compare to other anti-hyperglycemic
medications for microvascular outcomes or macrovascular outcomes.

In clinical practice, the major clinical decision is often not whether to initiate a diabetes
medication but rather which diabetes medication to select. As such, the clinical
relevance of the lack of reductions in microvascular outcomes, macrovascular
outcomes, or mortality in comparisons of GLP1RAs to other anti-hyperglycemic
medications is important. Of the 30 trials included for this comparison, the vast majority
were designed to assess cardiovascular risk factors, particularly HbA1c, over time and
not more clinically meaningful outcomes. Therefore, small sample size, high attrition,
and serious imprecision limited our assessment of microvascular and macrovascular
outcomes for comparisons of GLP1RAs to other anti-hyperglycemic medications. While




it stands to reason that long-term reductions in cardiovascular risk factors may lead to
reductions in microvascular complications, macrovascular complications, or mortality,
our results show that evidence for these benefits from randomized controlled trials over
one year does not yet exist. Our results may temper excitement surrounding the
possible cardiovascular benefits of GLP1RAs when comparing them to other anti-
hyperglycemic medications.3® Longer observational periods after these trials may be
necessary to observe any reductions in cardiovascular complications or mortality.
Currently these results suggest that side effect profile, cost, and patient preference
should continue to play a crucial role in shared decision-making conversations with
patients when considering second-line agents for T2D.%’

Compared to placebo, GLP1RAs were associated with small absolute cardiovascular
risk factor changes and favorable reductions in microvascular outcomes, macrovascular
outcomes, and mortality. The effect estimates we found confirm findings from prior
meta-analyses and provide reassurance that GLP1RA benefits vs. placebo are
sustained at one year.

In comparisons with other anti-hyperglycemic medications, GLP1RAs reduced multiple
cardiovascular risk factors. Importantly, the magnitude of effect was often related to
known effects of the other anti-hyperglycemic medications to which GLP1RAs were
being compared. For example, sulfonylureas and insulin are known to cause weight
gain, and therefore, reductions in weight were more pronounced when GLP1RAs were
compared to sulfonylureas (-5.37 kg), TZDs (-4.85 kg), insulin (-4.13 kg), than with
DPP4lIs (-2.13 kg). Regarding HbA1c, use of GLP1RAs led to larger reductions when
compared to DPP-41s (-0.62%) rather than sulfonylureas (-0.28%) or insulin (-0.22%).
These comparisons inform shared decision-making discussions when considering
GLP1RAs alongside other anti-hyperglycemic medications for patients with T2D.

Consistent with clinical practice, GLP1RAs increased Gl adverse events compared to
placebo and other anti-hyperglycemic medications. GLP1RAs were associated with
lower rates of hypoglycemia when compared to other anti-hyperglycemic medications,
mostly due to comparisons with insulin and sulfonylureas. While we did not find that
GLP1RAs were associated with pancreatitis, pancreatic cancer, or medullary thyroid
cancer, our results were not adequately powered to exclude an association, if one
exists.

This systematic review and meta-analysis has several limitations. First, we chose to
include trials that lasted at least 52 weeks. This may have minimized effect sizes seen
with short-term outcomes such as HbA1c and weight, and may also bias longer-term
outcomes such as mortality towards the null by including trials not designed to assess
these outcomes. However, we believe 52 weeks is an important benchmark clinicians
use when weighing the benefits and risks of prescribing GLP1RAs. Second, we limited
our quality of evidence evaluation to seven of the 25 outcomes we reported. While this
decision limits the interpretation of some results, we focused our quality assessment on
the most pertinent outcomes that factor into the clinical decision making of prescribing
GLP1RAs to patients with T2D. Third, significant heterogeneity was present among




several of the outcomes we analyzed, particularly among the cardiovascular risk factors.
Results from subgroup analyses, however, yielded consistent results, and the
directionality of the effects of these comparisons were consistent across trials. Fourth,
we only included randomized trials in our review which tended to include predominantly
white populations and included few patients over the age of 75, which may limit the
generalizability of results to real-world practice.

CONCLUSIONS

Our systematic review and meta-analysis is the first to synthesize findings related to
long-term use of GLP1RAs compared to placebo and other anti-hyperglycemic
medications. GLP1RAs compared to placebo were associated with significant
reductions in cardiovascular risk factors, renal events, stroke, 3-component MACE, and
mortality. GLP1RAs compared to other anti-hyperglycemic medications were associated
with reductions in cardiovascular risk factors. Insufficient evidence exists to evaluate the
long-term effects of GLP1RAs compared to other anti-hyperglycemic medications on
microvascular or macrovascular outcomes. These findings inform decisions on benefits
and tradeoffs when prescribing GLP1RAs for individual patients with T2D.
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Table 1. GRADE Evidence of GLP1RAs on Cardiovascular Risk Factors, Mortality, Macrovascular and Microvascular
Outcomes, and Adverse Events

Summary of findings GRADE Quality Assessment
e of Effect Risk of . . | Publication | Quality of
articipants - A Inconsistency | Indirectness | Imprecision . the
) (RR/MD) Bias Bias .
(studies) Evidence
GLP1RA vs. Placebo
Cardiovascular Risk Factors
-0.67 (:igq No seri N6 ser N6 s
) ue to 0 serious 0 serious 0 serious +++
HbA1e (%) 48575 (15) ('067568t0 " | attrition | inconsistency | indirectness | imprecision Undetected | 1o 4erate
-58) bias)
Mortality
Serious
0.89 inconsistency ' .
::/:I-Cagse 59338 (16) (0.84 to Moderate .(beca'use of .NO. Serious .No Serious Undetected T
ortality 0.94) inconsistency | indirectness | imprecision High
' in relative
effects)
Macrovascular Outcomes
Serious
0.87 ' indirectness .
f\zgggpone”t 49936 (6) | (0.82to Low | Noserious | (because | Noserious | , qioneq | FHH
0.93) inconsistency | indirectness | imprecision High
of the
population®)
Serious
_ 0.93 _ indirectness _
IA”V Myocardial | 53136 (7) | (0.84to | Moderate | . NOSerious | (because | Noserious |\ jotoniey | THH*
nfarction 1.03) inconsistency | indirectness | imprecision High
' of the
population®)
Stroke 53134 (7) 0.86 Moderate | . No serious : Serlous .NO Serious Undetected T
(0.78 to inconsistency | indirectness | imprecision High
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0.95) (because
indirectness
of the
population®)
Microvascular Outcomes
Serious
0.85 . indirectness .
ény Renal 51001 (8) (0.80to Moderate | . No serious : (pecause .NO Serious Undetected T
vent 0.90) inconsistency | indirectness | imprecision High
' of the
population®)
Adverse Events
Any Gl Event 3.84
Leading to ; No serious No serious No serious ++++
Treatment 21732 (9) (2'55%t0 Moderate inconsistency | indirectness | imprecision Undetected High
Discontinuation '
GLP1RA vs. Other
Cardiovascular Risk Factors
HbA1c (%) High
-0.37 due to . . .
11832 (28) | (-0.53 to - ;ttrition _Noserious | Noserious | Noserious | 4010 teq e
0.22) bias and inconsistency | indirectness | imprecision Moderate
blinding)
Mortality
All-Cause Serious
Mortality 0.66 inconsistency
11171 (22) | (040to | Moderate | . (Pecause of | Noserious | Noserious |\ 4oionteq | TF**
112) mc;onsstgncy indirectness | imprecision High
in relative
effectsP)
Macrovascular
Outcomes
f\zgggpone”t NA NA NA NA NA NA NA NA
Any Myocardial 2713 (4) 0.86 High Serious No serious Serious Undetected ++

14




Infarction (0.2to (due to | inconsistency | indirectness | imprecision Low
3.71) attrition (because of (because
and inconsistency impression
reporting in relative in OIS
bias) effectsP) criterion
and relative
effect)
Stroke Serious
imprecision
(because
2.48 (0.48 No serious No serious impression ++
2011 (3) to 12.83) Moderate inconsistency | indirectness in OIS Undetected Low
criterion
and relative
effect)
Microvascular Outcomes
Any Renal Serious
Event Serious imprecision
0.61 High inconsistency _ .(becau§e
2679 (5) (0.29 to (du.e. to .(becayse of _No_ serious impression Undetected ++
1.28) attrltlon mc;onsstgncy indirectness in O!S Low
bias) in relative criterion
effectsP) and relative
effect)
Adverse Events
Any Gl Event High
Leading to 3.61 (due to . . ,
Treatment 7146 (15) (2.11 to attrition | . No serious .NO. Serious .NO Serious Undetected T
Discontinuation 6.18) bias and inconsistency | indirectness | imprecision Moderate
blinding)

Abbreviations: HbA1c, hemoglobin A1ic; MACE, major adverse cardiovascular event; Gl, gastrointestinal; NA, not applicable
aRisk of bias detailed review of evidence found in eTables 11-23. Overall risk of bias was determined as follows: If all five
domains had low bias, then overall bias was low. If more than 60% of domains had some concern, then overall bias was
high. If less than 60% of domains had some concern, then overall bias was some concern. If more than 20% of domains

had high bias, then overall bias was high.
bUsed I? and forest plots (75% of study effects in the same direction) to determine Inconsistency
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¢ Studies required 1) pre-existing CVD; 2) pre-existing CVD or older age and high CVD risk; 3) enrolled 70% patients with
CvD
4 Optimal information size (OIS) at Relative risk reduction (RRR) 20%, a 0.05, and 8 0.2
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Figure 1. Flow Diagram of Study Selection Process
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Figure 2. Forest Plots of Cardiovascular Risk Factor Effects for GLP1RA vs. Placebo
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C. Heart rate
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E. LDL

Source
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Figure 3. Forest Plots of Cardiovascular Risk Factor Effects for GLP1RA vs. Other Anti-
Hyperglycemic Medications

A. HbA1c

Source MD (95% ClI) Favours Intervention Favours Control
DPP-4s

Arturi 2016 -1.10[-1.98; -0.22] L

AWARD-5 -0.71 [-0.87; -0.55] B
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Overall -0.62 [-0.80; -0.44] <
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Overall -0.19 [-0.38; 0.00] <>
Heterogeneity: not applicable
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NCT00393718 -0.49 [-0.71; -0.27] —-

Overall -0.28 [-0.56; 0.00] T
Heterogeneity: 2= 16.11 (P = .003), /= 75%
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Heterogeneity: 13 = 80.35 (P < .001), /%= 99%
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Heterogeneity: 42, = 396.45 (P < .001), /2 = 93% I 1
Residual heterogeneity: 12, = 191.05 (P < .001), /> = 88% -1 0 1
Test for overall effect: z =-4.79 (P < .001) MD (95% CI
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B. SBP

Source MD (95% CI)
DPP-4s

Arturi 2016 -3.00[-9.70; 3.70]
AWARD-5 -0.30 [-2.24; 1.64]
HARMONY 3 -1.20[-3.52; 1.12]
NCT00700817 -1.53[-3.97; 0.91]
PIONEER 3 -2.00 [ -4.00; 0.00]
PIONEER 7 -2.00 [ -4.50; 0.50]
SUSTAIN 2 -3.32[-5.12;-1.52]
T-Emerge 4 -1.00 [ -3.67; 1.67]
Overall -1.74 [ -2.56; -0.92]

Heterogeneity: 42= 5.83 (P = .56), /= 0%

Insulin

AWARD-2 -0.34[-2.61; 1.93]
AWARD-4 -2.241-4.81; 0.33]
DURATION-3 -4.00[-7.13;-0.87]
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NCT00097500 -3.00 [-11.00; 5.00]
NCT01648582 -1.93[-3.93; 0.07]

Overall -2.54 [ -3.96; -1.13]
Heterogeneity: %2 = 11.55 (P = .07), 1% = 48%

Metformin
AWARD-3 0.90[-1.54; 3.34]
Overall 0.90 [ 1.54; 3.34]

Heterogeneity: not applicable

Sulfonylureas

LEAD-2 2.80[-5.29; -0.31]
LEAD-3 (Mono) 1.88[-4.21; 0.45]
Overall -2.31[ -4.01; -0.61]

Heterogeneity: x2= 028 (P = 60), /* = 0%

Various

NCT01512108 -010[-2.54; 2.34]
SUSTAIN (JAPAN) -3.87 [ -6.59; -1.15]
Overall -1.94 [ -5.63; 1.76]

Heterogeneity: 73 = 4.08 (P = .04), I* = 76%

Overall -1.80 [ -2.57; -1.22]
Prediction interval [-3.85; 0.08]
Heterogeneity: 72, = 28.10 (P = .08), 1* = 32%

Residual heterogeneity: %25 = 21.75 (P = .11), I* = 31%

Test for overall effect: z = -5.48 (P < .001)
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Favours Control

|

-10

0
MD (95% CI)
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C. Heart rate

Source

DPP-4s

Arturi 2016
AWARD-5
HARMONY 3
NCT00700817
PIONEER 3
PIONEER 7
SUSTAIN 2
Overall

MD (95% Cl)

2.00 [-2.16; 6.16]
2.70[1.31; 4.09]
0.50 [-1.19; 2.19]
3.00 [1.41; 4.59]
1.00 [ 0.00; 2.00]
1.00 [-1.00; 3.00]
127 [0.12; 2.42]
1.58 [ 0.86; 2.29]

Heterogeneity: %2 = 9.03 (P = 17), /" = 34%

Insulin
AWARD-2
AWARD-4
DURATION-3
HARMONY 4
NCT01648582
Overall

1.8110.41; 3.21]
1.45 [-0.13; 3.03]
3.00[1.25; 4.75]
1.00 [-0.36; 2.36]
411 [2.66; 5.56]
2.25[1.11; 3.40]

Heterogeneity: %2 = 11.67 (P = .02), 1 = 66%

Metformin
AWARD-3
Overall

0.70 [-0.88; 2.28]
0.70 [-0.88; 2.28]

Heterogeneity: not applicable

Sulfonylureas
LEAD-2
LEAD-3 (Mono)
Overall

0.70 [-0.96; 2.36]
0.24[-1.30; 1.78]
0.45 [-0.68; 1.58]

Heterogeneity: 7%= 0.16 (P = 69), /> = 0%

Various
NCT01512108

SUSTAIN (JAPAN)

Overall

3.80[1.85: 5.75]
3.36 [ 1.46: 5.26]
3.57 [2.21; 4.94]

Heterogeneity: x2 = 0.1 (P = .75), 1* = 0%

Overall
Prediction interval

1.81[1.23; 2.39]
[-0.21; 3.83]

Heterogeneity: 3, = 37.09 (P = .002), /* = 57%

Residual heterogeneity: 42, = 20.95 (P = .05), /% = 43%0

Test for overall effect: z = 6.10 (P < .001)

Favours Intervention

Favours Control

MD (95% CI)
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D. Weight

Source

Insulin
AWARD-2
AWARD-4
AWARD-7
DURATION-3
HARMONY 4
NCT00082407
NCT00097500
Yan 2015
Overall

MD (95% Cl)

-3.31[-3.98; -2.64]
-3.23[-3.98; -2.48]
-4.23[-5.33; -3.13]
-4.51[-5.24; -3.78]
-3.40 [ -4.60; -2.20]
-5.40 [ -5.85; -4.95]
-4.60 [ -6.76; -2.44]
-5.70 [-10.18; -1.22]
-4.13 [ -4.93; -3.34]

Heterogeneity: 32 = 41.7 (P < .001), /* = 83%

DPP-4s
AWARD-5
HARMONY 3
NCT00700817
PIONEER 3
PIONEER 7
SUSTAIN 2
T-Emerge 4
Overall

.50 -2.11; -0.89]
-0.60[-1.65; 0.45]
253[-3.33; -1.73]
2.10[-2.75; -1.45]
-1.90 [ -2.60; -1.20]
420 -4.91; -3.49]
1.90[-2.73; -1.07]
213 [ -2.91; -1.35]

Heterogeneity: 3z = 46.4 (P < .001), /> = 87%

Sulfonylureas
Derosa 2010
Derosa 2011

LEAD-3 (Mono)

NCT00393718
Overall

-12.70 [-15.75; -9.63]

5.40 [ -8.17; -2.63]
-3.65 [ -4.44; -2.86]
.70 [ -2.25; -1.15]
-5.37 [ -8.00; -2.73]

Heterogeneity: 32 = 63.12 (P < .001), /> = 95%

TZDs
HARMONY 5
Overall

-4.85 [ -5.50; -4.20]
-4.85 [ -5.50; -4.20]

Heterogeneity: not applicable

Various
NCT01512108

SUSTAIN (JAPAN)

Overall

-0.35[-0.99; 0.29]
359 -4.43; -2.75]
-1.96 [ -5.13; 1.22]

Heterogeneity: 32 = 3616 (P < .001), 12 = 97%

Overall

Prediction interval

-3.39 [ -4.13; -2.66]

[-6.90; 0.12]

Heterogeneity: 13, = 377.67 (P < .001), /* = 94%
Residual heterogeneity: z2, = 187.38 (P < .001), /2= 91% ~19 -10 -5
Test for overall effect: z = -9.05 (P < .001)

Favours Intervention

—-—
-

|

.

|
-

¢l

H
H
N
N

[

Favours Control

MD (95% CI)

5 10
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E. LDL

Source MD (95% ClI) Favours Intervention Favours Control
Insulin
DURATION-3 -0.05[-0.18; 0.08] .
HARMONY 4 -0.04 [-0.14; 0.06] ——
NCT00097500 -0.07 [-0.37; 0.23] =
Overall -0.04 [-0.12; 0.03] —
Heterogeneity: 73 = 0.05 (P = .98), /*= 0% :
DPP-ds 5
HARMONY 3 0.02 [-0.09; 0.13] 1
NCT00700817 -0.08 [-0.21; 0.05] B :
T-Emerge 4 -0.09 [-0.23; 0.09] L
Overall -0.04 [-0.11; 0.03] T T
Heterogeneity: %2 =1.9 (P = .39), /*= 0% :
Sulfonylureas
LEAD-2 -0.05[-0.19; 0.09] L
NCT00393718 -0.05 [-0.16; 0.06] .
Overall -0.05 [-0.14; 0.04] —
Heterogeneity: 72 = 0 (P > .99), /2 = 0% 5
Overall -0.04 [-0.09; 0.00] R
Prediction interval  [-0.10; 0.01] e=——n

T T T

Heterogeneity: %2 =1.97 (P = .96), 1*= 0% ! I
Residual heterogeneity: x2=1.94 (° = 86), f2=0% 03 02 01 0 0.1 0.2
Test for overall effect: z =-1.91 (P = .06) MD (95% CI)



F. HDL

Source MD (95% CI)
Insulin

DURATION-3 0.00 [-0.04; 0.04]
HARMONY 4 0.01[-0.02; 0.03]
NCT00082407 -0.04 [-0.06; -0.02]
NCT000S7500 0.01[-0.08; 0.10]

Overall -0.01 [-0.04; 0.02]
Heterogeneity: %5 = 8.83 (P = .03), /> = 6%

DPP-4s

HARMONY 3 0.01 [-0.02; 0.04]
NCT00700817 0.01 [-0.02; 0.04]
T-Emerge 4 -0.01 [-0.05; 0.03]

Overall 0.01 [-0.02; 0.03]
Heterogeneity: x5 = 0.65 (P = 72), /* = 0%

Sulfonylureas

LEAD-2 0.02 [-0.01; 0.03]
NCT00393718 0.03 [-0.02; 0.08]
Overall 0.02 [ 0.00; 0.05]

Heterogeneity: x5 = 0.1 (P = .75), /* = 0%

Overall 0.00 [-0.02; 0.02]
Prediction interval  [-0.05; 0.05]
Heterogeneity: 13 = 19.27 (P = .01), /* = 58%

Residual heterogeneity: 7%= 9.59 (P = 14), /2= 3741

Test for overall effect: z = 0.08 (P = .93)

Favours Control

Favours Intervention

——
L
—T T e
|
B
L
—
L
L
-::__-'-_:}—
: I
I | | ]
-0.05 0 0.05 0.1

MD (95% CI)

26



Figure 4. Forest Plots of Mortality, Macrovascular, Microvascular, and Adverse Event
Effects for GLP1RA vs. Placebo

A. Mortality

Source

ELIXA
EXSCEL
GetGoal-F1
GetGoal-P
HARMONY 1
HARMONY 2
HARMONY 3
HARMONY 5
Harmony Outcomes
LEADER
NCT00395746
PIONEER 4
PIONEER 6
REWIND
SCALE
SUSTAIN-6

Overall
Prediction interval

Control
Events

223
584

A A0 W N

205
447
0
1
45
592
0
60

2165

Total

3034
7396
160
161
151
99
100
115
4732
4672
88
142
1592
4952
212
1649

29255

Heterogeneity: %2, = 13.00 (P = .45), > = 0%
Test for overall effect: z =-3.86 (P < .001)

B. 3-Component MACE

Source

EXSCEL

Harmony Outcomes
LEADER

PIONEER &
REWIND
SUSTAIN-6

Overall
Prediction interval

Control
Events

905
428
694
76
663
146

2912

Total

7396
4732
4672
1502
4952
1649

24983

Heterogeneity: %2 = 6.46 (P = .26), 12 = 23%
Test for overall effect: z = -4.49 (P < .001)

Intervention

Events Total RR (95% CI) Favours Intervention  Favours Control
211 3034 095[0.79; 1.13] a
507 7356 0.87[0.78, 0.98]
2 161 0.99[0.14; 6.97]
0 323  017[0.01; 4.06]
0 150  0.14[0.01; 2.76]
3 97 7.14[0.37; 136.48]
3 297 1.01[0.11; 9.60]
0 271 0.14[0.01; 3.46] :
196 4731 0.96[0.79; 1.16] :
381 4668 0.85[0.75;, 0.97] J
0 88
& 285 1.49 [0.16; 14.24]
23 1591 0.51[0.31; 0.84] ——
536 4949 0.91[0.81; 1.01]
0 422
62 1648  1.03[0.73; 1.46] -
1927 30071 0.89[0.84; 0.94]
[0.83; 0.95] o
I T T T T 1
0.01 0.1 05 1 2 10 100
RR (95% CI)
Intervention
Events Total RR (95% ClI) Favours Intervention  Favours Control
839 7356  0.93[0.85;1.02]
338 4731 0.79[0.69;0.91]
608 4668  0.88[0.79;0.97]
61 1691 0.80[0.58;1.12]
594 4949  0.90[0.81;0.99]
108 1648  0.74[0.58;0.94]
2548 24943 0.87 [0.82; 0.93]

[0.77; 0.99]

0.01

0.1 05 1 2

RR (95% CI)

10 100
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C. Stroke

Control
Source Events
ELIXA 60
EXSCEL 218
Harmony Outcomes 108
LEADER 199
PIONEER 4 1
PIONEER 6 16
REWIND 205
Overall 807

Prediction interval

Total

3034
7396
4732
4672
142
15892
4952

26520

Heterogeneity: 12 = 3.47 (P = .75), 1* = 0%
Test for overall effect: z = -2.98 (P = .003)

D. Myocardial Infarction

Control
Source Events
ELIXA 261
EXSCEL 493
Harmony Outcomes 240
LEADER 339
FPIONEER 4 1
PIONEER 8 31
REWIND 231
Overall 1596

Prediction interval

Total

3034
7396
4732
4672
142
1092
4932

26520

Heterogeneity: y2 = 10.56 (P = .10), /* = 43%
Test for overall effect: z = -1.42 (P = .16)

Intervention

Events Total
67 3034
187 7356
94 4731
173 4668
2 285
12 1591
158 4949
693 26614
Intervention
Events Total
270 3034
483 7356
181 4731
292 4668
0 285
37 1591
223 4949
1486 26614

RR (95% Cl)

1.12[0.79; 1.58]
0.86[0.71; 1.05]
0.87 [0.66; 1.14]
0.87 [0.71; 1.06]
1.00 [0.09; 10.90]
0.75 [0.36; 1.58]
0.77 [0.63; 0.95]

0.86 [0.78; 0.95]
[0.75; 0.98]

0.01

RR (95% Cl)

1.03[0.88; 1.22]
0.99 [0.87; 1.11]
0.75 [0.62; 0.91]
0.86 [0.74; 1.00]
0.17 [0.01; 4.06]
1.19[0.74; 1.91]
0.97 [0.81; 1.16]

0.93 [0.84; 1.03]
[0.72;1.20]

0.01

Favours Intervention  Favours Control

0.1 051 2 10
RR (95% Cl)

Favours Intervention  Favours Control

100

0.1 05 1 2 10
RR (95% Cl)

100
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E. Any Renal Event

Control Intervention
Source Events Total Events Total RR (95% CI) Favours Intervention  Favours Control
EXSCEL 65 7396 55 7356  0.85[0.59; 1.22] ~j~
Harmeony Outcomes 319 4732 279 4731 0.87[0.75; 1.02] }
LEADER 337 4672 268 4668  0.80[0.68; 0.93] I
PIONEER 4 0 142 0 285
PIONEER 8 37 1592 32 1591 0.87 [0.54; 1.38] —r—
REWIND 970 4952 848 4948 0.87[0.80; 0.99]
SCALE 0 212 1 422 1.51 [0.06; 36.88] :
SUSTAIN-6 100 1649 62 1648  0.62[0.46; 0.85] —I—-
Overall 1828 25347 1545 25650 0.85[0.80; 0.90] ')
Prediction interval [0.78; 0.92] 2
Heterogeneity: x2 = 5.39 (P = 49), /> = 0% f I | I I !
Test for overall effect: z = -5.10 (P < .001) 0.01 0.1 05 1 2 10 100
RR (95% Cl)
F. Gl Adverse Events
Control Intervention
Source Events Total Events Total RR (95% CI) Favours Intervention  Favours Control
Derosa 2013 4 85 4 86  0.99[0.26; 3.82] ——
ELIXA 37 3034 149 3034 4.03[2.82; 575] -.-
HARMONY 1 4 151 1 150 0.25[0.03; 2.23] &
HARMONY 2 0 99 3 97 7.14[0.37;136.48] -
HARMONY 3 1 100 6 297 2.02[0.25; 16.58] =
LEADER 18 4672 77 4668 428 (257, 7.14] —.—
PIONEER 4 3 142 22 285 3.65[1.11; 12.00] —I—
PIONEER 6 26 1592 108 1991 416272, 6.34] --
SUSTAIN-6 8 825 77 822 9.66 [4.69; 19.88] ——
Overall 101 10700 447 11030 3.84[259; 5.70] <
Prediction interval [1.39; 10.60] =
Heterogeneity: %2 = 1666 (P = .03), /2= 52% [ I I I I !
Test for overall effect: z = 6.69 (P < .001) 0.01 0.1 05 1 2 10 100

RR (95% Cl)
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G. Any Hypoglycemia

Source

Derosa 2013
ELIXA
GetGoal-F1
GetGoal-P
HARMONY 1
HARMONY 2
HARMONY 3
HARMONY 5
LEADER
PIONEER 4
SCALE
SUSTAIN-6

Overall

Control

Events Total
0 85

462 3034
12 160
7 161
6 151
4 99
4 100
13 115

2130 4672
3 142
58 212
173 825

2872 9756

Prediction interval
Heterogeneity” 12, =33.31 (P < 001), I* = 70%
Test for overall effect z = 1.67 (P = .10)

Intervention

Events Total
0 86
504 3034
6 161
23 323
11 150
6 a7

9 297
a7 271
2039 4668
2 285
188 422
178 822
3023 10616

RR (95% Cl)

1.09 [0.97; 1.22]
0.50 [0.19; 1.29]
1.64 [0.72; 3.74]
1.85 [0.70; 4.86]
1.53 [0.45; 5.26]
0.76 [0.24; 2.41]
1.86 [1.06; 3.26]
0.96 [0.92; 1.00]
0.33 [0.06; 1.97]
1.63 [1.28; 2.08]
1.03 [0.86; 1.24]

1.15 [0.98; 1.35]

[0.75; 1.75]

Favours Intervention

Favours Control

0.01

0.1

&
I | I
05 1 2 10
RR (95% Cl)

10C
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Figure 5. Forest Plots of Mortality, Macrovascular, Microvascular, and Adverse Event
Effects for GLP1RA vs. Oral Anti-Hyperglycemic Medications

A. Mortality

Control Intervention
Source Events Total Events Total RR (95% Cl) Favours Intervention  Favours Control
DPP-4s
Arturi 2016 0 10 0 10
AWARD-5 2 315 1 304 0.62[0.08; 4.68] i
HARMONY 3 1 300 3 297 2.36 [0.35; 15.85] i
HARMONY 8 4 246 4 249 0.99 [0.27, 3.61] —-.—
NCT00700817 2 219 1 221 0.59 [0.08; 4.46] L]
PIONEER 3 3 467 1 465 0.43 [0.06; 2.90] L
PIONEER 7 2 251 0 253 0.20 [0.01; 4.11] =
SUSTAIN 2 3 407 1 409 0.43 [0.06; 2.87] B
T-Emerge 4 0 177 0 187
Overall 17 2392 11 2395 0.72[0.36; 1.46] -
Heterogeneity: x2 = 3.03 (P = .80), /* = 0%
Test for overall effect: z = -0.91 (P = .36)
Insulin
AWARD-2 2 262 0 273 0.19[0.01; 3.98] =
AWARD-4 3 296 1 295 0.43 [0.06; 2.89] i
AWARD-7 6 194 2 192 0.39 [0.09; 1.65] B
DURATION-3 1 223 1 233 0.96 [0.10; 9.13] i
HARMONY 4 3 241 3 504  0.48[0.11; 2.09] L]
NCT00082407 1 248 2 253 1.63 [0.22; 12.28] —— il
NCT01648582 0 253 1 258 2.94[0.12; 71.88] =
Overall 16 1717 10 2008 0.59 [0.28; 1.23] -
Heterogeneity: x2 = 3.16 (P = .79), /> = 0%
Test for overall effect. z = -1.42 (P = .16)
Metformin
AWARD-3 0 268 0 269
Overall 0 268 0 269
Heterogeneity: not applicable
Test for overall effect: z = NA (P = NA)
Sulfonylureas
LEAD-2 0 244 0 241
LEAD-3 (Mono) 0 248 1 246 3.02[0.12; 73.88] =
NCT00393718 0 132 1 268 1.48 [0.06; 36.10] —
Overall 0 624 2 755  212[0.22; 20.25] —
Heterogeneity: x3 = 0.1 (P =.76), /% = 0%
Test for overall effect: z = 0.65 (P = .52)
Various
NCT01512108 0 120 1 240 1.50 [0.06; 36.62] =
SUSTAIN (JAPAN) 1 120 0 241 0.17 [0.01; 4.09] =
Overall 1 240 1 481 0.50 [0.05; 4.78]
Heterogeneity: 13 = 0.91 (P = .34), > = 0%
Test for overall effect: z = -0.60 (P = .55)
Overall 34 5241 24 5908 0.68 [0.42; 1.11] <=
Prediction interval [0.40; 1.15] =
Heterogeneity: x2, =8.42 (P = .96), 1*= 0% ! ! ! ! ! !
Residual heterogeneity: 7.2, = 7.20 (P = .93), /2= 0% 0.01 0.1 051 2 10 100

Test for overall effect: z = -1.55 (P = .12) RR (95% CI)



B. Stroke

Control Intervention
Source Events Total Events Total RR(95% Cl) Favours Intervention  Favours Control
DPP-4s
AWARD-5 0 315 1 304  3.11[013; 76.01] il
PIONEER 3 1 467 2 465 1.67[0.22; 1262] .
Overall 1 782 3 769  2.00[0.36; 11.02] <:>
Heterogeneity: 13 =01 (P = 75), /*= 0% i
Test for overall effect. z =0.79 (P = .43)
Insulin
DURATION-3 0 223 1 233  2.87[012; 70.12] i
Overall 0 223 1 233 2.87[0.12; 70.12] sy
Heterogeneity: not applicable
Test for overall effect. z = 0.65 (P = .52)
Overall 1 1005 4 1002 2.17[0.48; 9.76] R
Prediction interval [0.00; 37666.80]
Heterogeneity: x2=0.14 (P = .93), /2= 0% I I I I J I
Residual heterogensity: 72 = 0.10 (P = .75), /2= 0% 0.01 0.1 051 2 10 100
Test for overall effect: z =1.01 (P = .31) RR (95% CI)
C. Myocardial Infarction

Control Intervention

Source Events Total Events Total RR(85% Cl) Favours Intervention  Favours Control
Insulin
DUAL | 1 413 1 414 1.00[0.10; 9.59]
DURATION-3 0 223 1 233 2.87[0.12;70.12] L
Overall 1 636 2 647 1.42[0.22; 8.98] £>-
Heterogeneity: 2 = 0.28 (P = .60), /> = 0%
Test for overall effect: z = 0.37 (P =.71)
Sulfonylureas
LEAD-3 (Mono) 1 248 1 246 1.01 [0.11; 9.63] é
Overall 1 248 1 246 1.01 [0.11; 9.63]
Heterogeneity: not applicable !
Test for overall effect: z = 0.01 (P > .99)
DPP-4s
PIONEER 3 2 467 0 465 0.20 [0.01; 4.17] L
Overall 2 467 0 465 0.20 [0.01; 4.17]
Heterogeneity: not applicable
Test for overall effect: z = -1.04 (P = .30)
Overall 4 1351 3 1358 0.89[0.24; 3.24] e
Prediction interval [0.05; 15.18]
Heterogeneity: 72 = 1.46 (P = 69), 1> = 0% I I I | I !
Residual heterogeneity: 7%= 0.28 (P = 60), /= 0% 001 0.1 05 1 2 10 100

Test for overall effect: z = -0.18 (P = .86)

RR (95% CI)
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D. Any Renal Event

Control Intervention
Source Events Total Events Total
Insulin
AWARD-7 16 194 3 192
Overall 16 194 8 192

Heterogeneity: not applicable
Test for overall effect: z = -1.59 (P = .11)

Sulfonylureas

LEAD-2 0 244 0
Overall 0 244 0
Heterogeneity: not applicable

Test for overall effect: z = NA (P = NA)

DPP-4s

PIONEER 3 1 467 0
PIONEER7 O 251 1
T-Emerged4 O 177 1
Overall 1 895 2

Heterogeneity: 5= 1.17 (P = .56), /> = 0%

Test for overall effect: z = 0.37 (P = .71)

Overall 17 1333 10
Prediction interval

Heterogeneity: 2= 2.12 (P = .55), /* = 0%

241
241

465
253
187
905

1338

Residual heterogeneity: 43 = 1.17 (P = 56), J* = 0%

Test for overall effect: z =-1.31 (P = .19)

RR (95% CI)

0.52[0.23; 1.16]
0.52[0.23; 1.16]

0.33[0.01; 8.20]

Favours Intervention  Favours Control

2.98[0.12; 72.71]
2.84[0.12; 69.26]
1.42[0.22; 8.96]

0.61[0.29; 1.27]
[0.12; 3.07]

C:"
—
I | | I ! | |
0.1 05 1 2 10

0.01

RR (95% Cl)

100
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E. Gl Adverse Events

Control

Source Events Total
DPP-4s

Arturi 2016 0 10
AWARD-5 0 315
HARMONY 3 3 300
PIONEER 3 12 467
PIONEER 7 2 251
SUSTAIN 2 3 407
T-Emerge 4 3 177
Overall 23 1927

Intervention
Events Total

0 10
8 304
6 297
32 465
14 253
31 409
39 187
130 1925

Heterogeneity: 42 = 8.53 (P = .09), /% = 48%

Test for overall effect: z =4.79 (P < .001)

Metformin
AWARD-3 3 268
Overall 3 268

Heterogeneity: not applicable

Test for overall effect: z =-0.00 (P > .99)

Insulin

AWARD-4 0 296
DURATION-3 1 223
HARMONY 6 0 285
Overall 1 804

Heterogeneity: x2= 0.8 (P = .67), /* = 0%
Test for overall effect: z =2.31 (P = .02)

Sulfonylureas

Derosa 2010 2 65
Derosa 2011 1 54
LEAD-3 (Mono) O 248
NCT00393718 3 132
Overall 6 499

3 269
3 269
5 295
4 233
4 281
13 809
2 63
2 57
6 247
5 268
15 635

Heterogeneity: 3= 3.17 (P = .37), /%= 5%

Test for overall effect: z = 0.53 (P = .60)

Overall 33 3498
Prediction interval

161 3638

Heterogeneity: 42, = 22.50 (P = .05), /? = 42%
Residual heterogeneity: 12, = 13.50 (P = .20), /> = 26%

Test for overall effect: z = 4.43 (P < .001)

RR (95% CI)

17.61 [1.02; 303.85)
1.88[0.52; 6.81]
2.61[1.38; 4.95]
5.75[1.52; 21.77)]
8.96 [2.99; 26.79]
10.68 [3.65; 31.26]
4.99[2.58; 9.65]

1.00[0.23; 4.34]
1.00[0.23; 4.34]

11.04 [0.61; 198.71]
2.87 [0.46; 18.06]
9.13 [0.49; 168.75]
5.01 [1.27; 19.73]

1.03[0.18; 5.75]
1.58[0.22; 11.56]
13.05 [0.74; 230.45]
0.78[0.21; 2.91]
1.28[0.51; 3.20]

2.32[1.95; 5.65]
[0.77; 14.35]

0.01

Favours Intervention

Favours Control

0.1 051 2 10
RR (95% Cl)

100



F. Any Hypoglycemia

Caontrol

Source Events Total
Insulin

AWARD-2 131 282
AWARD4 208 298
AWARD-T 145 194
DAL | a 413
DURATION-3 100 223
HARMONY 4 &8 241
HARMONY & 140 235
NCTOHIE2407 a 243
NCTOHIETS00 a 33
NCTO1848582 &B 253
Su 2014 11 30
Yan 2015 i} 24
Owerall 1034 2502

Intervention
Events Total
151 273
252 295
25 192
0 414
44 233
127 504
23 23
0 253
3 36
58 258
a 30
0 25
829 a7

Heterogenelly: ;= 60.92 (P < 001, I = B5%

Test Tor overall effect: z = -4.31 (P < .001)

Metformin
AWARD-3 34 288
Owerall EL 2648

Hatzrogenehy: not applicable
Testfor overall effect: z =-0L15 (P = .BE)

DPP-ds

AWARD-5 15 35
HARMONY 3 5 aoa
HARMONY B e 248
NCTOOTO0B17 a 218
PIONEER 3 e 487
SUSTAIN 2 5 407
T-Emerge 4 1B 177
Owerall 121 FAEG

Hatarogenely: 12 = 10.05 (P = 07), /¥ = 50%

Tesifor overall effect: z = 1.11 (P = 27}

Sulfonylureas

Dercsa 2010 3 G5
Dercsa 2011 3 54
LEAD-2 24 244
LEAD-2 (Mono) G4 243
Owerall 54 611

Heterogenely: 33 = 265 [P = 45), F = 0%
Tagt for overall effact: z - -5.43 (P < .D0)

TZDs
HARMONY 5 87 I
Owerall BT 277

Hatarogensly: not applicanle
Tast for gvaral effect 2 = -2.71 (F = .007)

Various
SUSTAIN (JAPAN) 2 120
Owerall 2 120

Haterogeneky: not applicanle
Tasi for gvaral effect 2 = 0.35 (P = 72}

Owerall 1372 Fa09
Prediction interval

B

£

B5ed

15
153

BhHeoo

o

107

Heterogenefly: 12, = 110.11 (F < .001), ¥ = 80%

Resldual haterogenaty: 37, = T3.63 (P = .001), ¥ =T7%

Tesi for overall effect: z = -3.50 (P < .001)

269
263

297
249
221
485
404
187
232

63
57
24
249
607

27
27

24
241

6314

RR {95% CI)

0.80 [0.70: 0.82]
0.95 [0.89: 1.01]
0.88 [0.58: 0.78]

0.42 [0.31: 0.57]
0.88 [1.55: 0.85]
0.7 [0.55: 0.83]

0.38 [0.12: 1.20]
0.85 [1.49: 0.86]
0.57 [0.25: 1.28]
0.07 [0.00: 1.24]
067 [0.56; 0.80]

0.97 [1.62: 1.51]
0.57 [0.62; 1.51]

2.1 [1.17- 3.70]
1.74 [0.62; 4.83]
1.51 [1.08; 2.17]

0.93 [1.60: 1.43]
0.45 [0.10: 2.00]
0.78 [1.42: 1.51]
1.22 [0.86; 1.75]

0.15 [0.01: 2.80]
0.14 [0.01: 2.56]
0.18 [1.07- 0.50]
0.40 [0.28: 0.61]
0.34 [0.23; 0.50]

0.67 [0.50: 0.80]
0.67 [0.50; 0.90]

1.30 [0.31; 5.46]
1.30 [0.31; 5.49]
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	Figure 1. Flow Diagram of Study Selection Process

