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Running title: Prevention of the major adverse cardiovascular events in type 2 diabetes

ABSTRACT

Aim

To investigate the effects of blood glucose control with antihyperglycemic agents with
minimal hypoglycemia risk on cardiovascular outcomes in patients with type 2 diabetes
(T2D).

Materials and Methods

Randomized controlled trials (RCTs) comparing the relative efficacy and safety of
antidiabetic drugs with less hypoglycemia risk were comprehensively searched in
MEDLINE, Embase, and the Cochrane Library up to January 27, 2018. Mixed-effects
meta-regression analysis was conducted to explore the relationship between haemoglobin

Alc (HbAlc) reduction and the risk of major adverse cardiovascular events (MACE),
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myocardial infarction, stroke, cardiovascular death, all-cause death, and hospitalization
for heart failure.

Results

Ten RCTs comprising 92400 participants with T2D were included and provided
information on 9773 MACE during a median follow-up of 2.6 years. The mean HbAlc
concentration was 0.42% lower (median, 0.27-0.86%) for participants given
antihyperglycemic agents than those given placebo. The meta-regression analysis
demonstrated that HbA 1c reduction was significantly associated with a decreased risk of
MACE (B value, -0.39 to -0.55; P<0.02) even after adjusting for each of the following
possible confounding factors including age, sex, baseline HbA 1c, duration of follow-up,
difference in achieved systolic blood pressure, difference in achieved body weight, or risk
difference in hypoglycemia. Lowering HbAlc by 1% conferred a significant risk
reduction of 30% (95% CI, 17-40%) for MACE. By contrast, the meta-regression
analysis for trials using conventional agents failed to demonstrate a significant
relationship between achieved HbA 1c¢ difference and MACE risk (P>0.74).
Conclusions

Compared with placebo, newer T2D agents with less hypoglycemic hazard significantly
reduced the risk of MACE. The MACE reduction seems to be associated with HbAlc

reduction in a linear relationship.

Keywords: Type 2 diabetes, Major adverse cardiovascular events, Thiazolidinedione,

Dipeptidyl peptidase-4 inhibitor, Glucagon-like peptide-1 agonist, Sodium-glucose
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INTRODUCTION

Type 2 diabetes (T2D) is associated with an increased risk of cardiovascular (CV) and
microvascular complications, with a higher risk for all-cause mortality compared with the
general population *. More than 29 million people in the United States and 420 million
globally have T2D, with a projected global prevalence of 642 million by 2040 2=,

Conventional T2D drugs in randomized controlled trials, in contrast with the benefits
on microvascular outcomes, have failed to show consistent beneficial effects on major
adverse cardiovascular events (MACE) #. Such inconsistent evidence has led to the
American Heart Association, the American College of Cardiology, and the American
Diabetes Association providing a conservative class IIb recommendation with level of
evidence A for the benefit of glycemic control on cardiovascular disease 2.

Due to concerns regarding increased adverse CV events incurred by new diabetic
drugs 2, the U.S. Food and Drug Administration and European Medicines Agency
mandated that new diabetic therapies had to demonstrate CV safety in prospective,
randomized controlled outcome trials. Although designed to address the safety issue,
results from recent “cardiovascular outcomes trials” (CVOTs) have confirmed CV safety,
as well as reduced CV and all-cause mortality in some studies “*.

Recently, we demonstrated that hypoglycemia is associated with an increased risk of
CV events, all-cause hospitalization, and all-cause mortality in a dose-response manner
118 Another cohort study has also confirmed this positive relationship °. Given that new
T2D drugs are less prone to hypoglycemia, their benefit-harm profiles on cardiovascular

outcomes might be considerably different from that of conventional antihyperglycemic

agents. Moreover, a previous meta-analysis suggested that there were no significant
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differences in the associations between available classes of glucose-lowering drugs and
the risk of cardiovascular or all-cause mortalities 2%. The meta-regression analysis in this
study did not evaluate the effect of blood sugar reduction on cardiovascular mortality. We
therefore hypothesized that the relative risk of MACE associated with the use of new
T2D drugs is in proportional to the reduction of blood glucose, estimated with
haemoglobin Alc concentration (HbAlc).

To test this hypothesis, we conducted a meta-analysis and meta-regression analysis to
systematically synthesize and investigate the relationship between HbA 1c reduction and
the outcomes of stroke, coronary heart disease (CHD), hospitalization for heart failure
(HF), cardiovascular death, all-cause mortality and any major adverse cardiovascular
events in the large endpoint-adjudicated randomized controlled trials for new T2D drugs

with minimal hypoglycemia risk.
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MATERIALSAND METHODS

The pre-specified protocol for this review was registered with PROSPERO, number
CRD42017071367, and the study report adhered to the PRISMA statement 2
recommended by the Enhancing the Quality and Transparency of Health Research
(EQUATOR) Network (Supplementary Table 1).

Data Sources and L iterature Searches

We systematically searched MEDLINE, Embase and the Cochrane Library to
identify all relevant studies from database inception to Jan 27, 2018, using keywords and
the Medical Subject Headings (MeSH) terms as the following: type 2 diabetes mellitus,
hypoglycemic agents, diabetes treatment, blood sugar lowering, glucose reduction,
glycemic control, cardiovascular diseases, myocardial infarction, stroke, and
cardiovascular mortality (Supplementary Table 2). We limited our search to randomized
controlled trials, clinical trials or controlled clinical trials. Additional studies were
retrieved by manually checking the reference lists of reviews, meta-analyses, and original
publications. No language restrictions were applied on any of these searches.

Study Selection

The inclusion criteria for eligible studies required each of the following: (i)
randomized controlled clinical trials (RCTs) comparing the effects of intensive glucose
lowering using drugs with a minimal hypoglycemia hazard versus placebo or standard
care, or comparing one type of antihyperglycemic agent with another type in patients
with T2D; (ii) reporting major adverse cardiovascular events as the primary outcome and
adjudicated by an independent committee; (iii) enrolling total number of patients more

than 1000 2 to avoid the overestimation of the effect sizes from small trials Z; and (iv)

This article is protected by copyright. All rights reserved.



Accepted Article

with a follow-up of more than one year. We excluded trials using mainly insulin,
sulfonylureas (SUs), or glinides in blood glucose management. The trials investigating
antidiabetic drugs withdrawn from market were also excluded.

Two researchers (CJH and WTW) performed the procedure of selecting the studies,
which were further rechecked by a third researcher (HMC) for accuracy.
Data Extraction and Quality Assessment

Relevant data extracted from each eligible trial were collected using a spreadsheet.
We collected information regarding study and participant characteristics, baseline and
achieved HbA1c levels, mean difference in HbA 1c between intervention and control
groups, the antidiabetic regimens used, and outcome events. We judged the
methodological quality of the included trials using the Cochrane Collaboration’s tool for
assessing the risk of bias ** and the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system for rating the quality of evidence 2. Two
researchers (WTW and CJH) independently performed the data extraction and quality
appraisal, and any discrepancies were resolved through discussion with a third researcher
(HMC).
Outcomes

Our primary outcome of interest was major adverse cardiovascular events (MACE),
a composite endpoint consisted of death from cardiovascular causes, nonfatal myocardial
infarction, or nonfatal stroke. Secondary outcomes were myocardial infarction, stroke,
death from cardiovascular causes, death from any cause, and hospitalization for heart
failure according to the definition of each study. Safety outcomes including

hypoglycemia (any type of event) and severe hypoglycemia (requiring third-party
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assistance) were also evaluated. Although patients on placebo may still receive
conventional antidiabetic agents, given all other balanced baseline characteristics, the
relative effects between treatment and control arms on cardiovascular outcomes were
mainly rendered by the effects of the testing strategies.
Data Synthesisand Analysis

In this meta-analysis, we used aggregated data and performed a quantitative
synthesis of the findings from the included studies. Because all adverse outcomes were
binary indicators, the relative risk (RR) with 95% confidence interval (CI) was used as
the measure of the effect of the intervention. For CANVAS program, we calculated a
time-adjusted risk ratio, given the reported incidence rate (events per 1000 patient-year)
in each group and the estimated total person-time of the control group, to get an
approximate estimate of the hazard ratio for every outcome. We obtained the pooled
estimates of effect measures by using the DerSimonian and Laird random-effects model
as the primary analysis under consideration of the population variance across studies 2,
supplement with the analysis of a fixed-effects model. The weighting scheme of the
Mantel-Haenszel method was applied to both models. Heterogeneity of treatment effects
among studies was assessed using both Cochran’s Q and Higgins’s I statistics **.
Publication bias was detected using funnel plots and Egger's regression asymmetry test 2.

Univariable analysis of mixed-effects meta-regression was performed to explore the
relationships between the difference in achieved HbAlc and the absolute risk reduction
(ARR) as well as the relative risk. These relationships were further examined by using
multivariable meta-regression analysis adjusted for various confounding factors such as

mean age, proportion of male patients, mean HbAlc at baseline, difference in achieved
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systolic blood pressure (SBP), difference in achieved body weight, median length of
follow-up, and risk difference in hypoglycemia. Data on mean difference in achieved
SBP or achieved body weight were not available in SAVOR-TIMI 53 or TECOS trials
2829 therefore in meta-regression analysis we replaced the missing data with a value of
zero according to the findings of neutral effect of SBP or body weight on cardiovascular
events with DPP4 inhibitor treatment from previous studies . To verify our hypothesis,
we conducted an additional analysis with the data from four large RCTs on
cardiovascular outcomes, UKPDS %>, ADVANCE %, VADT ? and ACCORD 2%, which
compared intensive blood glucose reduction versus standard care using conventional
antihyperglycemic treatment in patients with T2D 22,

Subgroup analyses by the extents of HbA 1c reduction and type of
antihyperglycemic agents were conducted to evaluate the difference between the
estimates of treatment effect from subsets of studies. A 2-tailed P value of less than 0.05
was considered statistically significant. All analyses were performed using R software
(version 3.1.3, R Foundation for Statistical Computing), Review Manager (version 5.3,
Cochrane Collaboration), and the Comprehensive Meta-Analysis software package

(version 2.2.064, Biostat, Englewood, NJ).
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RESULTS

Of the 4443 articles identified initially, 69 were further reviewed in full-text for
assessing eligibility. Finally, 10 studies met our inclusion criteria and were chosen for this
analysis (see Supplementary Figure 1).

Study Characteristics and Quality Assessment [Table 1]

All 10 RCTs enrolled a total of 92400 type 2 diabetic patients with established or at
high risk for cardiovascular disease, with a mean age of 63.5 years, in whom 48106 were
assigned to receive antihyperglycemic treatment with one of four classes of antidiabetic
agents (dipeptidyl peptidase 4 inhibitor, glucagon-like peptide 1 receptor agonists,
sodium-glucose cotransporter inhibitor, and thiazolidinedione) and 44294 to receive
placebo. These trials followed patients for a median of 1.5 to 3.8 years and recruited more
than 60% of the men. Most patients had T2D of >10-years duration.

The included trials had similar baseline HbA 1¢ between treatment and placebo
groups, and the mean difference in achieved HbAlc varied from 0.27 to 0.86% (mean
0.42%). All these studies had a low or an unclear risk of bias for 7 domains of potential
risk of bias (see Supplementary Figure 2 and 3). No clear evidence of publication bias
was noted for all outcomes by funnel plot and or Egger’s test (all P>0.09)
(Supplementary Figure 4).

Achieved HbA1c Difference and Risk of Adverse Events

Univariable meta-regression analyses showed that the absolute risk reduction for
MACE (P=0.0005) and stroke (P=0.0044) was proportional to the reduction in achieved
HbA 1c. With an increment of 1% in achieved HbA 1c difference, the magnitude of risk

reduction increased 4.43% for MACE (95% CI, 1.92-6.94%) and 1.92% for stroke (95%
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CI, 0.60-3.23%) (Figure 1A and Supplementary Figure 5). Similarly, a larger reduction in
achieved HbA1c was significantly associated with a lower relative risk of MACE
(P=0.0008) and stroke (P=0.0092) (Figure 1B and Supplementary Figure 6). Lowering
HbAlc by 1% conferred a significant risk reduction of 30% (95% CI, 17-40%) for
MACE and 40% (95% CI, 15-57%) for stroke. By contrast, using conventional
antihyperglycemic agents, the results of meta-regression analysis (Figure 1C and D)
failed to demonstrate a significant relationship between achieved HbA1c difference and
MACE risk (P>0.74).

We further performed the multiple meta-regression analyses for MACE and stroke.
The trend relationships from the estimates of absolute or relative effect of intervention
were found in MACE after adjusting for each of the following possible confounders
including age, sex, baseline HbAlc, duration of follow-up, difference in achieved SBP,
difference in achieved body weight, or risk difference in hypoglycemia (P<0.05 for all
models) (Table 2 and Supplementary Table 3).
Effects of Antihyperglycemic Treatment on Major Adver se Cardiovascular Events

When we evaluated the effectiveness of different extents of lowering HbAlc (Figure
2), there was significant heterogeneity in the treatment effects across strata (P=0.008;
1°=79.4%), with greater risk reductions in trials with a >0.5% difference in achieved
HbAlc (relative risk reduction [RRR], 13%; 95% CI, 6-20%; P=0.0008) than in trials
with a 0.3-0.5% difference (11%; 95% CI, 4%-17%; P=0.002), but no benefits were
found in trials with a <0.3% difference in achieved HbA1c (0%; 95% CI, -7 to 6%;
P=0.90). Overall, antihyperglycemic treatment significantly reduced the risk of MACE

by 8% (95% CI, 3-13%; P=0.002) compared to placebo.
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We also assessed the efficacy of four classes of oral antidiabetic agents in the
prevention of MACE in patients with T2D. The results showed the effects of
antihyperglycemic treatment differed between drug classes (P=0.03; I’=65.3%)
(Supplementary Figure 7). Compared to placebo, GLP-1 receptor agonists (RRR, 9%;
95% CI, 0-17%; P=0.048), SGLT?2 inhibitors (14%; 95% CI, 6-22%; P=0.002), and
thiazolidinediones (17%; 95% CI, 3-29%; P=0.02) were significantly associated with a
decreased risk of MACE. A significant treatment effect with DPP4 inhibitors was not
found.

Using the GRADE system, the overall quality of the body of evidence was high for
MACE in comparing antidiabetic drugs to placebo for patients with T2D (Supplementary
Table 4). Nine fewer MACE (from 3 fewer to 14 fewer) could be prevented per 1000
patients with T2D receiving antidiabetic drugs compared to placebo.
Antihyperglycemic Treatment and Hypoglycemia Risk

The risk of hypoglycemia had no linear relationship with the between-group
difference in achieved HbA1c (Supplementary Figure 8A), antihyperglycemic treatment
conferred a significantly higher risk for hypoglycemia than placebo (RR, 1.09; 95% CI,
1.01-1.18; P=0.03), with the excess risk contributed by DPP4 inhibitors or
thiazolidinediones use (Supplementary Figure 9). We did not detect an increased risk for
severe hypoglycemia with antihyperglycemic therapy (Supplementary Figure 8B and 10).
The quality of evidence was moderate for hypoglycemia and low for severe
hypoglycemia (Supplementary Table 4), and no publication bias was found (Egger's test
P=0.1583 for hypoglycemia and 0.6741 for severe hypoglycemia, data not shown).

DISCUSSION

This article is protected by copyright. All rights reserved.



Accepted Article

The present meta-analysis and meta-regression analysis of the CVOTs (10 trials,
92400 patients) for antihyperglycemic agents with less hypoglycemia risk, including
pioglitazone, DPP-4 inhibitors, GLP-1 receptor agonist, and SGLT2 inhibitor, have
demonstrated clearly that the magnitude of risk reduction of MACE was proportional to
the differences of HbA1c between treatment and control groups, even after accounting
for potential confounding factors. The present analysis, without the potential noise of the
adverse impacts resulting from hypoglycemia 8, demonstrates for the first time that
risk reduction of T2D population in the MACE was proportional to the magnitude of
HbAlc decrease conferred by antihyperglycemic agents without hypoglycemia hazard. In
other words, rather than the extra-glycemic actions of individual drugs or classes of drugs,
the blood glucose reduction may play a more important role than previously expected in
reducing the risk of MACE by using the antihyperglycemic agents without hypoglycemia
hazard.

During about median treatment of 2.6 years, reduction of HbAlc concentration by 1%
resulted in a significant reduction in the risk of MACE by 30%. This positive correlation
was consistent with the result of a previous meta-regression analysis **. Similarly, in
trials with the use of conventional antihyperglycemic agents, there have been no
significant association between cardiovascular events and HbA1c reduction. The
information obtained in our study will be useful for clinicians for selecting the optimal
antihyperglycemic agents to avoid or reduce the huge health burden resulting from the
high MACE rate in patients with T2D.

These results were consistent with our subgroup analysis (Figure 2), whereby the

higher HbAlc reduction between the treatment and control groups was associated with a
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larger risk reduction in MACE with the same protective result in subgroup analysis by
different categories of antihyperglycemic agents. With the different benefit-harm profiles
from the traditional medication, new antihyperglycemic agents, similar to
antihypertensive ** and anti-hypercholesterolemia drugs *, can bring about a predictable
risk reduction in MACE, which is proportional to the reduction of these risk factors.
Nevertheless, we cannot exclude the possibility that the benefits observed with GLP-1
receptor agonists, SGLT2 inhibitors, and thiazolidinediones are at least partly due to
extra-glycemic actions of these drugs. For example, the SGLT?2 inhibitor, empagliflozin,
markedly and rapidly reduced CV mortality and heart failure hospitalization,** which may
be related with hemodynamic or metabolic-associated mechanisms. The GLP-1 receptor
agonists, liraglutide'® and semaglutide,” reduced CV death and MACE with beneficial
effects appearing more slowly, and did not influence heart failure risks, suggesting the
possible alternative mechanisms of benefit.2®

In currently available trials, the control group is not represented simply by “placebo”:
study protocols recommend the adjustment of concurrent therapies for reaching an
optimal glucose control in all patients; as a result, T2D patients in placebo groups are
more often treated with insulin and SUs than those on active treatment. As shown in a
previous meta-analysis of 115 randomized trial, the use of the sulfonylurea is associated
with increased mortality and a higher risk of stroke.2” Moreover, the sulfonylurea did
increase the risk of hypoglycemic episodes when compared with DPP4 inhibitors ***? or
metformin regardless of the individual sulfonylurea.®? Therefore, it is possible that part of

the differences in outcome is determined by detrimental effects of conventional therapies

on some cardiovascular outcomes.
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During the United Kingdom Prospective Diabetes Study,*! risk reductions for
myocardial infarction and death from any cause emerged in the 10 years follow-up.
However, the ADVANCE Z and ACCORD * trials suggested that significant differences
in HbA 1c concentration might not confer benefits to macrovascular events and even
cause an excess risk of all-cause mortality possibly associated with the higher
drug-related adverse events of the hypoglycemia. A meta-analysis of data from 13
randomized controlled trials suggested intensive glucose lowering treatment resulted in a
19% increase in all-cause mortality and a 43% increase in cardiovascular death . By
contrast, one meta-analysis using pooled data from ACCORD, ADVANCE, and UKPDS
showed an overall reduction in the risk of major cardiovascular events by 9% and a 15%
reduction in myocardial infarction ¢. Another meta-analysis from 5 randomized
controlled trials of 33040 participants provide reassurance about the effectiveness of
intensive glycemic control for cardiovascular risk reduction (17% reduction in events of
non-fatal myocardial infarction and 15% reduction of coronary heart disease) 2.

Possible explanation of such different results may include that treatment duration was
shorter than was needed to reveal a clinical benefit ﬂ, thus event rates were lower than
expected due to improved control of risk factors, differences in glycemic control between
patients groups were too small to show benefit, and the prevalent side effects of
hypoglycemia, which may counteract the benefit from intensive glucose control with

1218 The last one hypothesis helps explain why the beneficial

insulin and sulfonylurea
effects of glucose lowering in previous diabetic trials using insulin and sulfonylurea only

appeared with a longer follow-up duration. It may be because that the risk associated with

hypoglycemia resulting from conventional antihyperglycemic agents may “dilute” the
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protective effects of blood sugar control. Such “dilution” needs longer follow-up duration
and a larger event number to counterbalance. Overall, these discrepancies indicate that
the role of glucose control in patients with T2D who receive glycemic therapy has yet to
be determined until now.

Our findings are in agreement with the results of a systematic review which
investigated the impact of incretin based treatment, including both GLP-1 agonists and
DPP-4 inhibitors on all-cause mortality in patients with T2D **. Although no
meta-regression analysis was conducted in that study, by enrolling few large and several
small RCTs and registry reports, the results suggested a probable mortality benefit with
GLP-1 agonists **.

In addition to the risk conferred from hyperglycemia, cardiovascular risk may also
be modulated by various mechanisms; First of all, baseline characteristics, such as
duration since T2D diagnosis at baseline (>10 years), the baseline HbAlc concentration,
and adverse side effects of T2D drugs. In the ACCORD trial, for example, HbAlc fell
rapidly by around 1.5% within half years and the average HbAlc was less than 6% by 1
year in intensively treated individuals through aggressive use of bolus insulin dose when
necessary and receiving greater proportion of rosiglitazone at the end of follow-up
compared with those receiving standard treatment (92% vs 58%) *2. Adverse effects of a
2.5 kg difference in weight gain and nearly double severe hypoglycemic episodes
compared with standard treatment were found. More importantly, our meta-regression
analysis, accounts for these possible confounding effects and still demonstrated a strong
significant linear relationship between HbA 1c¢ difference and the risk reduction in

MACE.
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Despite Dipeptidyl peptidase 4 inhibitor is associated with a low risk of
hypoglycemia %, it failed to demonstrate a significant risk reduction in MACE
(Supplement Figure 7). As suggested by our meta-regression analysis in Figure 1 and
subgroup analysis by the magnitude of HbA Ic¢ reduction in Figure 2, its small benefit on
MACE in these CV safety trials is probably related to its small magnitude of HbAlc
differences.

Antidiabetic drugs with a low hypoglycemic potential can increase the risk of
hypoglycemia when added to insulin or SUs. If hypoglycemia is detrimental for the
cardiovascular system, this could reduce an underestimation of the potential benefits of
the reduction of HbAlc. In order to have a reliable assessment of the effects of the
improvement of glycemic control on CV events, we would need a large trial on
intensification of therapy in which insulin and SUs are not allowed or allowed only as

rescue therapy.

Study Limitations

Our study has several potential limitations. First, similar to other meta-analyses, the
absence of primary data to analyze the effects of intensive glycemic control within
various patient subgroups by gender, prevalence of cardiovascular disease at baseline,
comorbidity, duration of T2D, and the selective reporting of primary studies might
confound our study results. Second, these results should be interpreted carefully because
of the significant heterogeneity with respect to the demographic characteristics of
participants, duration of follow-up, and medication for intensive glucose control. Third,
we cannot provide evidence of superiority or harm of a specific glucose-lowering

regimen without access to individual participant data. Finally, despite the comprehensive
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literature search, we may have failed to locate some eligible published or unpublished
studies even we tried to keep the probability of bias to a minimum by developing a
detailed protocol and using explicit criteria for study selection, data collection, and data
analysis. Similar to trends reported in previous meta-analysis,® we believe that we have
been robust in out methodology and that the results and conclusions would not likely be

altered substantially and provide reliable recommendation for clinical practice.

Conclusions
Compared with placebo, newer T2D agents with less hypoglycemic hazard
significantly reduced the risk of MACE. The MACE reduction seems to be associated

with HbA 1c reduction in a linear relationship.

This article is protected by copyright. All rights reserved.



Accepted Article

Author Contributions

All authors conceived the concept and design of the study. CJH and WTW contributed to
the acquisition of data. CJH did the statistical analyses. All authors were involved in the
analysis and interpretation of data. CJH, WTW and HMC drafted the manuscript. All
authors contributed to the critical revision of the manuscript for important intellectual
content. All authors have read and approved the final version. CJH, WTW, HMC, and
CEC take responsibility for the integrity of the data and the accuracy of the analyses.
HMC and CEC was the study supervision.

Conflict of Interest

All authors declare no competing interests.

Funding/Support

This work was supported, in part, by grants from the Ministry of Health and Welfare
(MOHW106-TDU-B-211-113001), and from the Ministry of Science and Technology
(MOST 105-2314-B-075-037), and intramural grants from the Taipei Veterans General
Hospital (V106C-064).

Role of the Funding/Sponsor

The funders of the study had no role in the study design, data collection, data analysis,
data interpretation, or writing of the report. CJH, WTW, and HMC had full access to all
the data in the study, and HMC and CEC had final responsibility for the decision to

submit for publication.

This article is protected by copyright. All rights reserved.



Accepted Article

13.

14.

15.

10.

11.

12.

REFERENCES

Stratton IM, Adler Al, Neil HA, et al. Association of glycaemia with macrovascular
and microvascular complications of type 2 diabetes (UKPDS 35): prospective
observational study. BMJ. 2000;321(7258):405-412.

US Centers for Disease Control and Prevention. Diabetes statistics.
http://www.cdc.gov/diabetes/data/statistics/2014statisticsreport.html Access
Date Sep 2, 2017.
http://www.cdc.gov/diabetes/data/statistics/2014statisticsreport.html. Accessed
Sep 2, 2017.

American Diabetes Association. Diabetes statistics. http://www.diabetes.org.
Access Date: Sep 2, 2017 http://www.diabetes.org.

Effect of intensive blood-glucose control with metformin on complications in
overweight patients with type 2 diabetes (UKPDS 34). UK Prospective Diabetes
Study (UKPDS) Group. Lancet. 1998;352(9131):854-865.

Intensive blood-glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with type 2 diabetes
(UKPDS 33). UK Prospective Diabetes Study (UKPDS) Group. Lancet.
1998;352(9131):837-853.

Turnbull FM, Abraira C, Anderson RJ, et al. Intensive glucose control and
macrovascular outcomes in type 2 diabetes. Diabetologia.
2009;52(11):2288-2298.

Patel A, MacMahon S, Chalmers J, et al. Intensive blood glucose control and
vascular outcomes in patients with type 2 diabetes. N Engl J Med.
2008;358(24):2560-2572.

Gerstein HC, Miller ME, Byington RP, et al. Effects of intensive glucose lowering in
type 2 diabetes. N Engl/ J Med. 2008;358(24):2545-2559.

Duckworth W, Abraira C, Moritz T, et al. Glucose control and vascular
complications in veterans with type 2 diabetes. N Engl J Med.
2009;360(2):129-139.

Gerstein HC, Miller ME, Ismail-Beigi F, et al. Effects of intensive glycaemic control
on ischaemic heart disease: analysis of data from the randomised, controlled
ACCORD trial. Lancet. 2014;384(9958):1936-1941.

Zoungas S, Chalmers J, Neal B, et al. Follow-up of blood-pressure lowering and
glucose control in type 2 diabetes. N Engl J Med. 2014;371(15):1392-1406.
Skyler JS, Bergenstal R, Bonow RO, et al. Intensive glycemic control and the
prevention of cardiovascular events: implications of the ACCORD, ADVANCE, and
VA diabetes trials. Circulation. 2009;119(2):351-357.

Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial infarction
and death from cardiovascular causes. N Engl J Med. 2007;356(24):2457-2471.
Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes. N Engl J Med. 2015;373(22):2117-2128.

Marso SP, Bain SC, Consoli A, et al. Semaglutide and Cardiovascular Outcomes in

This article is protected by copyright. All rights reserved.



16.

17.

Accepted Article

31.

32.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Patients with Type 2 Diabetes. N Engl J Med. 2016;375(19):1834-1844.

Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and Cardiovascular
Outcomes in Type 2 Diabetes. N Engl J Med. 2016;375(4):311-322.

Hsu PF, Sung SH, Cheng HM, et al. Association of clinical symptomatic
hypoglycemia with cardiovascular events and total mortality in type 2 diabetes: a
nationwide population-based study. Diabetes Care. 2013;36(4):894-900.

Yeh JS, Sung SH, Huang HM, et al. Hypoglycemia and risk of vascular events and
mortality: a systematic review and meta-analysis. Acta Diabetol.
2016;53(3):377-392.

Khunti K, Davies M, Majeed A, Thorsted BL, Wolden ML, Paul SK. Hypoglycemia
and risk of cardiovascular disease and all-cause mortality in insulin-treated
people with type 1 and type 2 diabetes: a cohort study. Diabetes Care.
2015;38(2):316-322.

Palmer SC, Mavridis D, Nicolucci A, et al. Comparison of Clinical Outcomes and
Adverse Events Associated With Glucose-Lowering Drugs in Patients With Type 2
Diabetes: A Meta-analysis. JAMA. 2016;316(3):313-324.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BMJ. 2009;339:b2700.

Holman RR, Sourij H, Califf RM. Cardiovascular outcome trials of glucose-lowering
drugs or strategies in type 2 diabetes. Lancet. 2014;383(9933):2008-2017.

Zhang Z, Xu X, Ni H. Small studies may overestimate the effect sizes in critical care
meta-analyses: a meta-epidemiological study. Crit Care. 2013;17(1):R2.

Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions.
Wiley; 2011.

Atkins D, Best D, Briss PA, et al. Grading quality of evidence and strength of
recommendations. BMJ. 2004;328(7454):1490.

Borenstein M, Hedges LV, Higgins JP, Rothstein HR. A basic introduction to
fixed-effect and random-effects models for meta-analysis. Res Synth Methods.
2010;1(2):97-111.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. BMJ. 1997;315(7109):629-634.

Green JB, Bethel MA, Armstrong PW, et al. Effect of Sitagliptin on Cardiovascular
Outcomes in Type 2 Diabetes. N Engl J Med. 2015;373(3):232-242.

Scirica BM, Bhatt DL, Braunwald E, et al. Saxagliptin and cardiovascular outcomes
in patients with type 2 diabetes mellitus. N Engl J Med. 2013;369(14):1317-1326.
Tomlinson B, Hu M, Zhang Y, Chan P, Liu ZM. Effects of glucose-lowering drugs on
cardiovascular outcomes in patients with type 2 diabetes. Expert Opin Drug
Metab Toxicol. 2016:1-5.

Action to Control Cardiovascular Risk in Diabetes Study G, Gerstein HC, Miller ME,
et al. Effects of intensive glucose lowering in type 2 diabetes. N Engl J Med.
2008;358(24):2545-2559.

Ray KK, Seshasai SR, Wijesuriya S, et al. Effect of intensive control of glucose on
cardiovascular outcomes and death in patients with diabetes mellitus: a

This article is protected by copyright. All rights reserved.



33.

Accepted Article

44,

45.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

meta-analysis of randomised controlled trials. Lancet.
2009;373(9677):1765-1772.

Mannucci E, Monami M, Ceriello A, Rotella CM. Back to glycemic control: An
alternative look at the results of cardiovascular outcome trials in type 2 diabetes.
Nutr Metab Cardiovasc Dis. 2017;27(4):375-377.

Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the
prevention of cardiovascular disease: meta-analysis of 147 randomised trials in
the context of expectations from prospective epidemiological studies. BMJ.
2009;338:b1665.

Cholesterol Treatment Trialists C, Mihaylova B, Emberson J, et al. The effects of
lowering LDL cholesterol with statin therapy in people at low risk of vascular
disease: meta-analysis of individual data from 27 randomised trials. Lancet.
2012;380(9841):581-590.

Sattar N, Petrie MC, Zinman B, Januzzi JL, Jr. Novel Diabetes Drugs and the
Cardiovascular Specialist. / Am Coll Cardiol. 2017;69(21):2646-2656.

Monami M, Genovese S, Mannucci E. Cardiovascular safety of sulfonylureas: a
meta-analysis of randomized clinical trials. Diabetes, obesity & metabolism.
2013;15(10):938-953.

Ferrannini E, Fonseca V, Zinman B, et al. Fifty-two-week efficacy and safety of
vildagliptin vs. glimepiride in patients with type 2 diabetes mellitus inadequately
controlled on metformin monotherapy. Diabetes, obesity & metabolism.
2009;11(2):157-166.

Arechavaleta R, Seck T, Chen Y, et al. Efficacy and safety of treatment with
sitagliptin or glimepiride in patients with type 2 diabetes inadequately controlled
on metformin monotherapy: a randomized, double-blind, non-inferiority trial.
Diabetes, obesity & metabolism. 2011;13(2):160-168.

van Dalem J, Brouwers M, Stehouwer CDA, et al. Risk of a first-ever acute
myocardial infarction and all-cause mortality with sulphonylurea treatment: A
population-based cohort study. Diabetes, obesity & metabolism.
2018;20(4):1056-1060.

Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-up of
intensive glucose control in type 2 diabetes. N Engl J Med.
2008;359(15):1577-1589.

Group AS, Cushman WC, Evans GW, et al. Effects of intensive blood-pressure
control in type 2 diabetes mellitus. N Engl J Med. 2010;362(17):1575-1585.
Boussageon R, Bejan-Angoulvant T, Saadatian-Elahi M, et al. Effect of intensive
glucose lowering treatment on all cause mortality, cardiovascular death, and
microvascular events in type 2 diabetes: meta-analysis of randomised controlled
trials. BMJ. 2011;343:d4169.

LiuJ, Li L, Deng K, et al. Incretin based treatments and mortality in patients with
type 2 diabetes: systematic review and meta-analysis. BMJ. 2017;357:j2499.
Dormandy JA, Charbonnel B, Eckland DJ, et al. Secondary prevention of
macrovascular events in patients with type 2 diabetes in the PROactive Study
(PROspective pioglitAzone Clinical Trial In macroVascular Events): a randomised

This article is protected by copyright. All rights reserved.



46.

47.

Accepted Article

48.

49.

50.

controlled trial. Lancet. 2005;366(9493):1279-1289.

White WB, Cannon CP, Heller SR, et al. Alogliptin after acute coronary syndrome
in patients with type 2 diabetes. N Engl J Med. 2013;369(14):1327-1335.

Pfeffer MA, Claggett B, Diaz R, et al. Lixisenatide in Patients with Type 2 Diabetes
and Acute Coronary Syndrome. N Engl J Med. 2015;373(23):2247-2257.

Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and Cardiovascular and
Renal Events in Type 2 Diabetes. N Engl J Med. 2017;377(7):644-657.

Holman RR, Bethel MA, Mentz RJ, et al. Effects of Once-Weekly Exenatide on
Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med.
2017;377(13):1228-1239.

White WB, Wilson CA, Bakris GL, et al. Angiotensin-Converting Enzyme Inhibitor
Use and Major Cardiovascular Outcomes in Type 2 Diabetes Mellitus Treated
With the Dipeptidyl Peptidase 4 Inhibitor Alogliptin. Hypertension.
2016;68(3):606-613.

This article is protected by copyright. All rights reserved.



Accepted Article

Figurelegends

Figure 1. Univariable meta-regression for the relationship of achieved HbAlc difference
between intervention and control groups with absolute risk reduction (A) (C) and the
natural logarithm of a relative risk (B) (D) for MACE in patients with type 2 diabetes,
according to the trials using antidiabetic agents with minimal hypoglycemia risk or
conventional drugs as the option of intensive glycemic management. The regression fit
(solid line) and 95% confidence interval (dash line) are shown. The size of the circle
represents the weight of each trial and is inversely proportional to the standard error of
the effect estimate. Beta coefficient depicts a change in absolute or relative effect of
antihyperglycemic treatment for each 1% difference in achieved HbAlc between
intervention and control groups. HbAlc = haemoglobin Alc; MACE = major adverse

cardiovascular event.
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Figure 2. Effects of antihyperglycemic treatment on MACE in patients with type 2

diabetes, stratified by achieved HbA 1c¢ difference between intervention and control

groups. Mean HbA 1c difference indicates the difference in achieved HbAlc between

intervention and control groups. Diamond denotes the pooled estimate of relative risks

and its 95% confidence interval. HbAlc = haemoglobin Alc; MACE = major adverse

cardiovascular event.
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le 1. Characteristics of the included studies

~ Comparison HbAlc, % Mean Mean
o Median  Mean ) Mean achieved achieved
Participants, n Male, Duration of L . . .
‘ Tr’ Year follow-up, age, . Comorbidities, % Achieved reduction SBP body-weight
(Int/Cont) Intervention Control % diabetes, years Baseline . . . .
years years (Int/Cont) in achieved reduction,  reduction,
[ ﬁ level mmHg kg
| Pﬁpactive 43 2005 5238 TZD Placebo  2.875% 61.7 66.1 87 M1, 46.7; CVA, 18.8,; 7.85% 7/7.6% 0.60%* 0.4%%* 4kg
(2605/2633)  (Pioglitazone) HTN, 75.4 raises**
M\MINE 8 2013 5380 DPP4 inhibitor ~ Placebo 1.5 611 679 7.2% MI, 88.0; HF, 27.9; CVA, 8.03 7.7/8.06§ 0.36 0.8%% 0.06 kg
(2701/2679)  (Alogliptin) 7.2; HTN, 83.1; CKD, raises
29.1
SAVOR-TIMI 53 2 2013 16492 DPP4 inhibitor ~ Placebo 2.1 65.1 669 10.37 M, 37.8; HF, 12.8; HTN, 8 7.6/7.871  0.27** NR 0.53%*
(8280/8212)  (Saxagliptin) 81.8; CKD, 15.6
EL 4 2015 6068 GLP-1 receptor  Placebo  2.08 60.3 693 93 MI, 22.1; HF, 22.4; CVA, 7.7 7.32/7.531  0.27 0.8 0.7
(3034/3034)  agonist 5.5; HTN, 76.4; CKD,
(Lixisenatide) 23.2
A-REG 2015 7020 SGLT2 inhibitor Placebo 3.1 63.1 715 <ly:2.6; MI, 46.6; HF, 10.1; CVA, 8.07 7.55/8l 0.45%%* 3.43%%* 1.79%*
UTCOME 4 (4687/2333)  (Empagliflozin) >1-5y:15.4; 23.3;CKD, 259
>5-10y: 24.9;
>10y:57.1
wosﬁ 2015 14671 DPP4 inhibitor ~ Placebo 3 655 707 11.6 M], 42.6; HF, 18.0; CVA, 7.2 7.09/7.371  0.29 NR NR
(7332/7339)  (Sitagliptin) 24.5; CKD, 9.3
DER ¢ 2016 9340 GLP-1 receptor  Placebo 3.8 643 643 129 MI, 30.7; HF, 17.8; CVA, 8.7 7.54/7.939 0.40 1.2 2.3
(4668/4672)  agonist 16.1; CKD, 24.7
(Liraglutide)
@TAIN 612 2016 3297 GLP-1 receptor  Placebo 2.1 64.6 60.7 139 MI, 32.5; HF, 23.6; CVA, 8.7 7.45/8.3#  0.867T 1.937F 3.6177T
(1648/1649) agonist 14.9; HTN, 92.8; CKD,
(Semaglutide) 28.5
u\JVAS program 2017 10142 SGLT2 inhibitor Placebo  2.42* 633 642 135 CAD, 56.4; HF, 14.4; 8.2 7.73/8.171  0.58 393 1.6
(5795/4347)  (Canagliflozin) CVA, 19.3; HTN, 90.0
@CEL “ 2017 14752 GLP-1 receptor  Placebo 3.2 6271 62 12F CAD, 52.8; HF, 16.2; 8.1 7.55/8.011  0.53 1.57 1.27
(7356/7396)  agonist CVA, 17.0; CKD, 21.7
(Exenatide)

CAD = coronary artery disease; CANVAS = Canagliflozin Cardiovascular Assessment Study; CKD = chronic kidney disease; CVA = cerebrovascular accident; DPP4 = dipeptidyl peptidase 4; ELIXA =
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uuation of Lixisenatide in Acute Coronary Syndrome; EMPA-REG OUTCOME = Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients; EXAMINE = Examination of
iovascular Outcomes with Alogliptin versus Standard of Care; EXSCEL = Exenatide Study of Cardiovascular Event Lowering; GLP-1 = glucagon-like peptide 1; HbAlc = haemoglobin Alc; HF = heart

tlure; HTN = hypertension; LEADER = Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results; MI = myocardial infarction; NR = not reported; PROactive = PROspective
glitAzone Clinical Trial In macroVascular Events; SAVOR-TIMI 53 = Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR)-Thrombolysis in Myocardial

|

PY Infarction (TIMI) 53; SBP = systolic blood pressure; SGLT2 = sodium-glucose cotransporter 2; SUSTAIN 6 = Trial to Evaluate Cardiovascular and Other Long-term Outcomes with Semaglutide in Subjects
with Type 2 Diabetes; TECOS = Trial Evaluating Cardiovascular Outcomes with Sitagliptin; TZD = thiazolidinedione

Hwan value

dian value

iCalculated by median change from baseline to final visit

culated by mean change from baseline to the end of the study period

lAverage of mean HbAlc across all visits

AT

9Estimated from the HbA 1c level at 36 months
#Estimated from the HbA lc level at week 104 in the group receiving doses of 0.5 mg and 1.0 mg.

fference of estimated achieved HbA1¢c/SBP/body-weight between intervention and control groups

eta-analysis of mean HbA1c/SBP/body-weight reduction at week 104 in the semaglutide group receiving 0.5 mg and 1.0 mg

d

stimated from the data reported in 2016 %
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Table 2. Meta-regression analysis for the relationship between achieved HbA 1¢ difference and MACE risk

ARR (%) LnRR
B P value B P value
Univariable 4.428 (1.920 to 6.935) 0.0005 -0.474 (-0.751 to0 -0.197) 0.0008
Model 1: adjusted for age 4.495 (1.825 to 7.165) 0.0010 -0.502 (-0.790 to -0.214) 0.0006
Model 2: adjusted for sex 4.945 (1.484 to 8.407) 0.0051 -0.550 (-0.923 to -0.178) 0.0038
Model 3: adjusted for baseline HbAlc 3.559 (0.576 to 6.542) 0.0194 -0.391 (-0.706 to -0.076) 0.0150
Model 4: adjusted for follow-up duration 4.212 (1.669 to 6.755) 0.0012 -0.458 (-0.740 to -0.175) 0.0015
Model 5: adjusted for achieved SBP difference 3.766 (0.467 to 7.066) 0.0253 -0.417 (-0.766 to -0.068) 0.0191
Model 6: adjusted for achieved body-weight difference 4.410 (1.811 to 7.009) 0.0009 -0.469 (-0.748 to -0.190) 0.0010
Model 7: adjusted for risk difference in hypoglycemia 4.494 (1.947 to 7.040) 0.0005 -0.487 (-0.772 to -0.201) 0.0008
Model 8: adjusted for risk difference in severe
5.104 (1.349 to 8.859) 0.0077 -0.477 (-0.839 to -0.116) 0.0097

hypoglycemia*

ted Article

ARR = absolute risk reduction; HbA 1c = haemoglobin Alc; LnRR = natural logarithm of relative risk; MACE = major adverse cardiovascular event; SBP =
systolic blood pressure

*The Model was performed on the data from 8 trials with reports of severe hypoglycemia.
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