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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. 
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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.1 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.2 Recently, results from several large randomized 
trials of the glucagon-like peptide-1 receptor agonists (GLP1RAs) have shown that, in 
addition to lowering hemoglobin A1c (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 LEADER3 (liraglutide), 
SUSTAIN-64 (semaglutide), and REWIND5 (dulaglutide) for GLP1RAs, compared to 
placebo. Additionally, LEADER demonstrated reduced rates of cardiovascular death 
and all-cause mortality with liraglutide compared to placebo.3 In contrast, no differences 
in MACE outcomes were found in ELIXA6 (lixisenatide) or EXSCEL7 (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 majority of reviews have examined only one or two categories of clinically 
important outcomes (either cardiovascular risk factors,8-14 microvascular outcomes,15 
MACE,16-19 mortality,17 or adverse events9,11,12,20). Furthermore, the majority of these 
reviews restricted inclusion to comparisons with placebo12,18-21 or specific diabetic drugs 
(metformin,22 insulin,11,14 within GLP1RA class comparisons,12,23 dipeptyl peptidase-4 
inhibitor (DPP4I),19 sodium-glucose co-transporter-2 inhibitor19), 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.27,28  
 
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)29 and was registered a priori with 
the International Prospective Register of Systematic Reviews (PROSPERO, 
CRD42018090506)30 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 
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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 (MI), 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 (GI) 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., A.K., 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).31 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.32 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 
GI 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 
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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.33 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 I2 statistic. Publication bias was assessed by funnel plots, and for outcomes 
with at least 10 studies, with Egger’s and Begg’s tests.34 
 
For outcomes in which there were at least 10 studies35 and the I2 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 
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comparison group was insulin in 12 trials, a DPP4I 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 majority 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% Cl -
0.77% to -0.58%, I2 = 93%) and other anti-hyperglycemic medications (-0.37%, -0.53% 
to -0.22%, I2 = 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, I2 = 48%; 
vs. other anti-hyperglycemic medications, -1.90 mmHg, -2.57 to -1.22 mmHg, I2 = 32%), 
weight (vs placebo, -1.84 kg, -2.37 to -1.30 kg, I2 = 95%; vs other anti-hyperglycemic 
medications, -3.39 kg, -4.13 to -2.66 kg, I2 = 94%), BMI (vs placebo, -1.12 kg/m2, -1.67 
to -0.57 kg/m2, I2 = 96%; vs other anti-hyperglycemic medications, -2.07 kg/m2, -2.74 to 
-1.39 kg/m2, I2 = 96%), and LDL (vs placebo, -0.04 mmol/L, -0.06 to -0.02, I2 = 0%; vs 
other anti-hyperglycemic medications, -0.04 mmol/L, -0.09 to 0 mmol/L, I2 = 0%). Heart 
rate increased by about 2 bpm (vs. placebo, 2.22 bpm, 1.69 to 2.75 bpm, I2 = 88%; vs. 
other anti-hyperglycemic medication, 1.81 bpm, 1.23 to 2.39 bpm, I2 = 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 
DPP4Is, 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, I2 = 23%). GLP1RAs led to fewer strokes (0.86, 0.78 to 0.95, I2 = 0%) and 
renal events (0.85, 0.80 to 0.90, I2 = 0%) compared to placebo (Figure 4; eTable 25). 
No differences in 5- or 6-component MACE, fatal or non-fatal MI, heart failure, 
retinopathy, or blindness were observed. No differences in any macrovascular or 
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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, I2 = 0%). Mortality was not different between GLP1RAs and other anti-
hyperglycemic medications (RR = 0.68, 0.42 to 1.11, I2 = 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 GI events (RR = 3.84, 2.59 to 5.70, I2 = 52%; 3.32, 1.95 to 5.65, I2 = 
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 GI adverse events. In comparisons to other anti-hyperglycemic 
medications, GLP1RAs were associated with reductions in cardiovascular risk factors, 
increases in GI 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 
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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.36 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.37 
 
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 
DPP4Is (-2.13 kg). Regarding HbA1c, use of GLP1RAs led to larger reductions when 
compared to DPP-4Is (-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 GI 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 
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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 
 No. of 

Participants 
(studies) 

Effect 
(RR/MD) 

Risk of 
Biasa Inconsistency Indirectness Imprecisiond Publication 

Bias 

Quality of 
the 

Evidence 
GLP1RA vs. Placebo 
 
Cardiovascular Risk Factors 

HbA1c (%) 48575 (15) 
-0.67 

(-0.76 to -
0.58) 

High 
(due to 
attrition 
bias) 

No serious 
inconsistency 

No serious 
indirectness 

No serious 
imprecision Undetected +++ 

Moderate 

Mortality 

All-Cause 
Mortality 59338 (16) 

0.89 
(0.84 to 
0.94) 

Moderate 

Serious 
inconsistency 
(because of 

inconsistency 
in relative 
effectsb) 

No serious 
indirectness 

No serious 
imprecision Undetected ++++ 

High 

Macrovascular Outcomes 

3-Component 
MACE 49936 (6) 

0.87 
(0.82 to 
0.93) 

Low No serious 
inconsistency 

Serious 
indirectness 

(because 
indirectness 

of the 
populationc) 

No serious 
imprecision Undetected ++++ 

High 

Any Myocardial 
Infarction 53136 (7) 

0.93 
(0.84 to 
1.03) 

Moderate No serious 
inconsistency 

Serious 
indirectness 

(because 
indirectness 

of the 
populationc) 

No serious 
imprecision Undetected ++++ 

High 

Stroke 53134 (7) 0.86 
(0.78 to Moderate No serious 

inconsistency 
Serious 

indirectness 
No serious 
imprecision Undetected ++++ 

High 



14 
 

0.95) (because 
indirectness 

of the 
populationc) 

Microvascular Outcomes 

Any Renal 
Event 51001 (8) 

0.85 
(0.80 to 
0.90) 

Moderate No serious 
inconsistency 

Serious 
indirectness 

(because 
indirectness 

of the 
populationc) 

No serious 
imprecision Undetected ++++ 

High 

Adverse Events 
Any GI Event 
Leading to 
Treatment 
Discontinuation 

21732 (9) 
3.84  

(2.59 to 
5.7) 

Moderate No serious 
inconsistency 

No serious 
indirectness 

No serious 
imprecision Undetected ++++ 

High 

GLP1RA vs. Other 
 
Cardiovascular Risk Factors 

HbA1c (%) 

11832 (28) 
-0.37  

(-0.53 to -
0.22) 

High 
(due to 
attrition 
bias and 
blinding) 

No serious 
inconsistency 

No serious 
indirectness 

No serious 
imprecision Undetected +++ 

Moderate 

Mortality 
All-Cause 
Mortality 

11171 (22) 
0.66  

(0.40 to 
1.12) 

Moderate 

Serious 
inconsistency 
(because of 

inconsistency 
in relative 
effectsb) 

No serious 
indirectness 

No serious 
imprecision Undetected ++++ 

High 

Macrovascular 
Outcomes         

3-Component 
MACE NA NA NA NA NA NA NA NA 

Any Myocardial 2713 (4) 0.86  High Serious No serious Serious Undetected ++ 



15 
 

Infarction (0.2 to 
3.71) 

(due to 
attrition 

and 
reporting 

bias) 

inconsistency 
(because of 

inconsistency 
in relative 
effectsb) 

indirectness imprecision 
(because 

impression 
in OIS 

criterion 
and relative 

effect) 

Low 

Stroke 

2011 (3) 2.48 (0.48 
to 12.83) Moderate No serious 

inconsistency 
No serious 
indirectness 

Serious 
imprecision 
(because 

impression 
in OIS 

criterion 
and relative 

effect) 

Undetected ++ 
Low 

Microvascular Outcomes 
Any Renal 
Event 

2679 (5) 
0.61  

(0.29 to 
1.28) 

High 
(due to 
attrition 
bias) 

Serious 
inconsistency 
(because of 

inconsistency 
in relative 
effectsb) 

No serious 
indirectness 

Serious 
imprecision 
(because 

impression 
in OIS 

criterion 
and relative 

effect) 

Undetected ++ 
Low 

Adverse Events 
Any GI Event 
Leading to 
Treatment 
Discontinuation 

7146 (15) 
3.61 

 (2.11 to 
6.18) 

High 
(due to 
attrition 
bias and 
blinding) 

No serious 
inconsistency 

No serious 
indirectness 

No serious 
imprecision Undetected +++ 

Moderate 

Abbreviations: HbA1c, hemoglobin A1c; MACE, major adverse cardiovascular event; GI, gastrointestinal; NA, not applicable 
a Risk 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. 
b Used I2 and forest plots (75% of study effects in the same direction) to determine Inconsistency 
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c Studies required 1) pre-existing CVD; 2) pre-existing CVD or older age and high CVD risk; 3) enrolled 70% patients with 
CVD 

d Optimal information size (OIS) at Relative risk reduction (RRR) 20%, 𝛼𝛼 0.05, and 𝛽𝛽 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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Figure 3. Forest Plots of Cardiovascular Risk Factor Effects for GLP1RA vs. Other Anti-
Hyperglycemic Medications 
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Figure 4. Forest Plots of Mortality, Macrovascular, Microvascular, and Adverse Event 
Effects for GLP1RA vs. Placebo 
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G. Any Hypoglycemia 
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Figure 5. Forest Plots of Mortality, Macrovascular, Microvascular, and Adverse Event 
Effects for GLP1RA vs. Oral Anti-Hyperglycemic Medications 
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