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CONTEXT AND POLICY ISSUES  

 
The worldwide estimate of people living with diabetes in 2013 was over 381 million and it has 
been projected that this number will increase to approximately 592 million by 2035.1,2  The 
Canadian Diabetes Association has reported that 2.7 million people in Canada were diagnosed 
with diabetes in 2010, costing Canadian healthcare and economy $11.7 billion.3 It has been 
projected that the number of people diagnosed with diabetes will rise to 4.2 million by 2020 and 
the associated cost will increase to $16 billion annually within the same time period.3 Type-2 
diabetes (T2DM) is a complex metabolic disorder accounting for approximately 90% to 95% of 
diagnosed cases of diabetes in adults.4 The core pathologies of T2DM are insulin resistance 
and progressive beta-cell failure.1 In addition, it is now recognized that accelerated lipolysis, 
incretin deficiency and/or resistance, hyperglucagonemia, and increased renal glucose 
reabsorption are also involved in the pathogenesis of T2DM.1 
  
Type-2 diabetes is associated with a two- to four-fold increase in the risk of coronary heart 
disease and death,5 as well as arterial stiffness which is a strong predictor of cardiovascular 
events, heart failure, and death.

6
 It is not surprising therefore, that cardiovascular disease is the 

leading cause of death in patients with T2DM, accounting for more than 60% deaths and an 
even greater proportion of serious complications in this population.5,7 Considering these 
interrelations, it is important that therapies for T2DM address clinical needs such as weight gain, 
and other risk factors for cardiovascular disease, in addition to lowering blood glucose levels.7  

Dipeptidyl peptidase 4 (DPP-4) inhibitors and glucagon-like peptide-1 receptor (GLP-1) agonists 
have demonstrated potential beneficial cardiovascular effects. However, further studies are 
needed to confirm these observation.8,9 Studies have reported that sitagliptin, a DPP-4 inhibitor, 
reduces blood pressure (BP) by a statistically significant amount in nondiabetic patients with 
mild to moderate hypertension, and improved heart function and coronary artery perfusion in 
diabetic patients who also suffered from coronary heart disease.8 Other studies have shown that 
administration of GLP-1 agonists was associated with significantly improved left ventricular 
ejection fraction and contractile function, as well as trends toward improved myocardial function, 
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shorter hospital stays and reduced in-hospital mortality.9 However, many of the drugs widely 
used in clinical practice to treat T2DM such as sulfonylureas and insulin have not demonstrated 
effectiveness at reducing cardiovascular events, and there have been suggestions that these 
classes of drugs may increase cardiovascular risk.10  

In 2008, the FDA announced that all new drug application (NDA) submissions for diabetes 
therapies must include a meta-analysis of cardiovascular events during the phase 2 and 3 
studies. Following that, attention to cardiovascular outcomes with new glucose lowering agents 
has increased, with many recent studies of antidiabetic therapies conducting prospective 
evaluations of cardiovascular outcomes. However, conclusive outcome data is yet to be 
reported for many classes of therapies.10  

Sodium-glucose co-transport 2 (SGLT-2) inhibitors are a new class of drugs used to treat 
T2DM. They exert antihyperglycemic action by blocking the renal reabsorption of glucose, 
leading to increased urinary glucose excretion.11 In healthy individuals, the kidney filters up to 
180g of glucose every day, which is almost entirely reabsorbed into the blood in the proximal 
convoluted tubule through the mediation of SGLT-1 and SGLT-2, with the latter reabsorbing the 
majority (80% to 90%).

10,11
 Based on their mechanism of action and observations from clinical 

trials, the SGLT-2 inhibitors have demonstrated the potential to reduce the risk of cardiovascular 
events in addition to reducing blood glucose levels.

1,4,6,10-17
 By inhibiting renal reabsorption of 

glucose, they lower blood glucose to clinically significant levels, increase the potential for weight 
loss through calorie reduction, and increase water content of urine by osmotic diuresis to 
potentially reduce blood pressure.10 
 
Many clinical trials have shown significant reductions from baseline in both systolic and diastolic 
blood pressure following the administration of SGLT-2 inhibitors.17 However, while persistently 
elevated BP is a recognized risk factor for cardiovascular events, high BP alone does not 
necessarily imply a cardiovascular event, such as myocardial infarction, stroke, heart failure, 
and unstable angina. A recent study has reported that empagliflozin has favorable effects on 
markers of arterial stiffness and vascular resistance,6 while another RCT12 concluded that 
compared with placebo, T2DM patients at high risk for cardiovascular events who received 
empagliflozin as add-on therapy to standard care had a lower rate of the primary composite 
cardiovascular outcome and of death from any cause. However, there is currently no conclusive 
outcome data on the ability of SGLT-2 inhibitors as a class to reduce the risk of cardiovascular 
events in patients with T2DM. The aim of this report is to review the evidence on cardiovascular 
outcomes with SGLT-2 inhibitors compared with placebo as well as with incretin-based 
therapies to help inform policy decisions. 
 
RESEARCH QUESTIONS  

1. What is the clinical evidence regarding cardiovascular outcomes with the use of SGLT-2 
inhibitors for patients with type-2 diabetes? 

KEY FINDINGS  

Sodium glucose co-transport (SGLT-2) inhibitors significantly reduced systolic and diastolic 
blood pressure in patients with type-2 diabetes mellitus (T2DM) compared with placebo or 
active controls (glimepiride, glipizide, and sitagliptin). A post hoc analysis of data from five 
randomized controlled trials showed that empagliflozin significantly reduced risk factors of 
arterial stiffness such as double product, mean arterial pressure, and pulse pressure compared 
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with placebo. Empagliflozin demonstrated a significantly lower risk of death from cardiovascular 
causes, and death from any cause compared with placebo in T2DM patients at high risk for 
cardiovascular events receiving standard care.  However, a systematic review and meta-
analysis found that the overall odds of cardiovascular events among T2DM patients were not 
significantly lower with SGLT-2 inhibitors compared with placebo and active controls 
(glimepiride, glipizide, and sitagliptin). 

METHODS  
 
Literature Search Methods 

 
A limited literature search was conducted on key resources including Ovid Medline, Ovid 
EMBASE, PubMed, The Cochrane Library, University of York Centre for Reviews and 
Dissemination (CRD) databases, ECRI, Canadian and major international health technology 
agencies, as well as a focused Internet search. No filters were applied to limit the retrieval by 
study type. Where possible, retrieval was limited to the human population. The search was also 
limited to English language documents published between January 1, 2010 and October 7, 
2015. 
 
Rapid Response reports are organized so that the evidence for each research question is 
presented separately.  
 
Selection Criteria and Methods 
 
One reviewer screened citations and selected studies. In the first level of screening, titles and 
abstracts were reviewed and potentially relevant articles were retrieved and assessed for 
inclusion. The final selection of full-text articles was based on the inclusion criteria presented in 
Table 1. 
 

Table 1:  Selection Criteria 

Population Adult patients with type-2 diabetes mellitus 
Intervention Sodium-glucose co-transporter 2 (SGLT-2) inhibitors (e.g. 

canagliflozin, empagliflozin, dapagliflozin) 
Comparator Dipeptidyl peptidase (DPP)-4 inhibitors (e.g. alogliptin, linagliptin, 

saxagliptin, sitagliptin) 
Glucagon-like peptide (GLP)-1 agonists (e.g. exenatide, liragultide) 
Placebo (with or without background treatment) 

Outcomes Cardiovascular outcomes (composite of death from cardiovascular 
causes, nonfatal myocardial infarction, or nonfatal stroke; death from 
cardiovascular causes; fatal myocardial infarction; nonfatal myocardial 
infarction; fatal stroke; nonfatal stroke; unstable angina/hospitalization 
for unstable angina; heart failure/hospitalization for heart failure; 
coronary revascularization procedures; transient ischemic attack; 
blood pressure) 

Study Designs HTA/Systematic Reviews/Meta-Analyses, Randomized Controlled 
Trials 
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Exclusion Criteria 

 
Articles were excluded if they did not meet the selection criteria outlined in Table 1, they were 
duplicate publications, or were published prior to January 1, 2010. Review articles not based 
upon a systematic literature search, and primary studies included in a systematic review already 
selected to be included in this report were also excluded. 

Critical Appraisal of Individual Studies 

The included systematic reviews and pooled data analysis studies were critically appraised 
AMSTAR18 while randomized studies were critically appraised using Downs and Black checklist 
for measuring quality of studies.19 Summary scores were not calculated for the included studies; 
rather, a review of the strengths and limitations of each included study were described 
narratively. The strengths and limitations of the individual studies are summarized in Appendix 
3. 
 
SUMMARY OF EVIDENCE 
 
 
Quantity of Research Available 

 
A total of 456 citations were identified in the literature search. Following screening of titles and 
abstracts, 431 citations were excluded and 25 potentially relevant reports from the electronic 
search were retrieved for full-text review. Two potentially relevant publications were retrieved 
from the grey literature search. Of the 27 potentially relevant articles, 18 publications were 
excluded for various reasons, while nine publications met the inclusion criteria and were 
included in this report. Appendix 1 describes the PRISMA flowchart of the study selection. 

Summary of Study Characteristics 

 
A summary of individual study characteristics is provided in Appendix 2. 
 
Study Design 

Two systematic reviews,
11,18

 four post hoc pooled data analysis studies,
1,6,13,14

 and three phase 
3 double-blind randomized controlled trials (RCTs),4,12,15 met the inclusion criteria of this review 
and were included. One systematic review

17
 comprising 27 RCTs was published in 2014 while 

the other systematic review11 had a total of 58 articles covering 49 primary RCTs and 9 
extension studies and was published in 2013. The primary studies included in the two 
systematic reviews11,17 were published between 2009 and 2013. One of pooled data analysis 
studies6 included five phase 3 RCTs, with patients in one 12-week primary study considered as 
one cohort (cohort 1) while the patients in the four remaining primary studies (lasting 24 weeks 
each) were pooled together as cohort 2. Another study13 analyzed data from four placebo-
controlled phase 3 RCTs, while the third and fourth studies1,14 included 13 placebo-controlled 
phase 2b and 3 RCTs14 and seven phase 3 RCTs,1 respectively. One of pooled data analysis 
studies13 was published in 2014, while the remaining three were published in 2015.  Two of the 
included RCTs12,15 were placebo controlled while the other had an active comparator 
(sitagliptin).4 Two RCTs4,12 were published in 2015 and the other15 was published in 2014. 
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Country of Origin 

One of the systematic reviews was conducted in the United States of America (USA)17 and the 
other was conducted in Greece.11 Three of the post hoc pooled data analysis studies1,6,13 were 
conducted in the USA while the other was conducted in Sweden.14 The RCTs were multicenter 
studies conducted in many countries including Canada. The lead authors for two RCTs were 
from Canada4,12 and the lead author of the other RCT15 was from the USA.  

Patient Population 

Reported patient characteristics varied between different studies included in this report. One 
systematic review17 involved a total of 12,960 T2DM patients, with mean (standard deviation 
[SD])  age in primary studies ranging from 42.7 (6.2) to 69,5 (8.2) years. Another systematic 
review

11
 had a total of 16,407 T2DM patients, with mean A1C level at baseline (data for 41 of 49 

primary studies was available) ranging from 6.9% to 9.2%, and balanced between treatment 
groups. Neither review provided further details of the patient characteristics or settings of their 
primary studies. One of the post hoc pooled data analysis studies6 involved a total of 3,300 of 
T2DM patients with A1C of 7% to 10%, and body mass index (BMI) ≤45 kg/m

2
 at baseline. This 

study had two cohorts. Patients in cohort 1 had T2DM with hypertension, with mean seated 
systolic BP range of 130 to159 mmHg and diastolic BP range of 80 to 99 mmHg. Other 
characteristics were similar between the two cohorts. Another pooled analysis study13 involved a 
total of 2,313 T2DM patients aged between 55.7 years to 56.3 years. The mean (SD) duration of 
T2DM ranged from 7.2 (5.8) to 7.5 (6.2) years , with A1C of 7.0% to 10.0%, BMI between 31.9 
to 32.3 kg/m2, and estimated glomerular filtration rate (eGFR) ≥50 mL/min/1.73 m2 body surface 
area. A third pooled analysis study14 had  a total of 4,516 T2DM patients with a median age 
between 58 and 62 years, and mean BMI of between 31.7 and 33.1 kg/m2. Between 49.1% and 
65.9% of the patients in this study14 had a prior history of cardiovascular disease. A fourth 
pooled analysis study involved a total of 3,731 T2DM patients with a mean age of 57 years, A1C 
of between 6.5% to 12.0%, and BMI ≤ 45 kg/m2. One of the RCTs12 included 7,020 adult (≥18 
years of age) T2DM patients with established cardiovascular disease, A1C of 7.0% to 10.0%, 
eGFR ≥30 ml/min/1.73 m2 of body-surface area, and BMI ≤ 45 kg/m2. A second RCT15 involved 
269 patients T2DM with Stage 3 CKD with a mean (SD) eGFR of 39.4 (6.9) ml/min/1.73 m2 
body-surface area. The mean (SD) age of the patients was 68.5 (8.3) years, and they had 
T2DM for a mean duration of 16.3 (8.5) years, and a mean (SD) A1C level of 8.0 % (0.9). 
Another RCT

4
 included 756 adult (≥ 18 years old) patients with a mean duration of T2DM of 9.6 

years, A1C levels between 7.0% and 10.5% and eGFR ≥ 55 ml per minute per 1.73 m2 of body-
surface area. 

Interventions and Comparators 

Both of the systematic reviews11,17 included primary studies that evaluated canagliflozin, 
dapagliflozin, empagliflozin, ipragliflozin, and remogliflozin as interventions. In addition to these, 
one of the systematic reviews11 included studies that also evaluated ertugliflozin, luseogliflozin 
and tofogliflozin. The primary studies in both systematic reviews were either placebo- or active-
controlled studies. The active comparators were glimepiride, glipizide, metformin or sitagliptin. 
One each of the post hoc pooled data analysis studies included placebo-controlled RCTs which 
evaluated empagliflozin6 or canagliflozin13. The other two post hoc pooled data analysis 
studies13,14 included RCTs which assessed dapagliflozin. One on them13 included only placebo 
controlled studies, while the other14 included both placebo and active comparator (glipizide, or 
metformin XR) studies. One each of the placebo-controlled RCTs assessed empagliflozin12 or 
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canagliflozin15 as interventions. The patients in both studies were either naïve to glucose-
lowering therapy or they were stabilized on anti-diabetic therapy before randomization and 
maintained on the stabilized treatment throughout the studies.12,15 The other included RCT4 
evaluated canagliflozin as the intervention using sitagliptin as a control. In this study,4 the 
patients had background therapy with metformin (>2000 mg/day or >1500 mg/day if unable to 
tolerate a higher dose) plus sulfonylurea (at least half-maximal labeled dose).4 

Outcomes 

The most common cardiovascular event outcome measure was changes from baseline in blood 
pressure (BP). Blood pressure outcomes were reported by all the included studies except one 
RCT,12 and in the majority of studies, BP was the only cardiovascular-related outcome (as 
defined in the protocol of this review) which was evaluated. In addition to BP, one systematic 
review17 measured the risk of orthostatic hypotension while another11 assessed the odds of 
cardiovascular events following administration of SGLT-2 inhibitors. One of the post hoc pooled 
data analysis studies6 evaluated changes in double product (DP), mean arterial pressure (MAP) 
and pulse pressure (PP) as markers of arterial stiffness which is a risk factor for cardiovascular 
events. In one RCT

12
 the primary outcome measures was a composite of death from 

cardiovascular causes, nonfatal myocardial infarction (MI), or nonfatal stroke, while the 
secondary outcome was a composite of the primary outcome plus hospitalization for unstable 
angina. 

Summary of Critical Appraisal 

The systematic reviews11,17 were based on comprehensive systematic searches of in electronic 
data bases for relevant literature. Furthermore, a manual search of the references from reports 
of clinical trials or review articles was performed to identify additional relevant studies.  In each 
of the systematic reviews11,17 primary studies were assessed for publication bias, and two 
reviewers independently assessed all potentially relevant articles, selected studies to be 
included based on pre-defined criteria, assessed the quality of primary studies and abstracted 
data using a standardized tool, with disagreements resolved by consensus involving a third 
reviewer.   

None of the systematic reviews11,17 provided details about the characteristics of patients in their 
included primary studies. Therefore, the potential for bias due to imbalances across study 
groups at baseline could not be assessed. One of the systematic reviews17 included only RCTs 
with outcome measures similar enough to allow data pooling, suggesting a potential for 
selection bias in included primary studies. In another systematic review,11 the quality of 
evidence for cardiovascular events of SGLT-2 inhibitors compared with placebo or active 
controls was reported to be low.   
 
The post hoc pooled data analysis studies1,6,13,14 had large sample sizes from the multiple RCTs 
they each included, and patient demographics and medical conditions at baseline were reported 
to be generally balanced across study groups. However, only two of these studies 13,14 provided 
details of patient characteristics and disease conditions data. Each of the studies1,6,13,14 had 
clearly defined objectives, interventions of interest and main outcomes to be measured; and the 
main findings of each study were clearly reported.  However, since the processes of study 
selection, quality assessments, and data extraction did not follow that usually used to minimize 
bias in systematic reviews, the potential for biases in the reported outcomes from these pooled 
data analysis studies may be high. Furthermore, the primary studies from which data were 
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pooled for these studies were funded by pharmaceutical companies, and the authors of all the 
studies1,6,13,14 were employees or had received either grants or consultation fees from 
pharmaceutical companies. Similar potential conflicts of interest were reported for the 
systematic reviews.11,17  
 
The included RCTs4,12,15 had clearly defined objectives, interventions of interest, and main 
outcomes to be measured. Their inclusion and exclusion criteria were well-defined, and patients 
were randomized to receive treatment in a double-blind manner. Demographics and disease 
conditions across the treatment groups at baseline were reported to be balanced for all the 
RCTs,4,12,15 with two of them4,15 providing detailed data to support this. In one of the RCTs,12 
cardiovascular outcome events and deaths were adjudicated by two clinical-events committees 
in accordance win FDA guidelines for robustness. 

In one RCT12 which reported the cardiovascular outcomes of empagliflozin in T2DM patients at 
risk of cardiovascular events, cardiovascular risk factors were treated throughout the trial.  In 
addition, investigators could adjust background glucose-lowering therapy (including intensifying, 
reducing or discontinuing) at their discretion after week 12. The extent to which the other 
treatments for cardiovascular risk factors and the permitted variability in background therapy 
after randomization introduced bias in the reported outcomes is unknown. One RCT4 had a high 
overall discontinuation (38.5%), which had the potential to alter the bias-minimizing property of 
randomization at baseline. The protocol of this RCT4 did not allow glycemic rescue therapy, 
therefore the discontinuation rate was driven mainly by withdrawal of patients who met pre-
specified glycemic criteria. The cardiovascular outcomes of two RCTs4,15 were assessed post 
hoc and there was no indication that the studies had the design or power to detect relevant 
difference between treatment groups.  
 
Summary of Findings 

What is the clinical evidence regarding cardiovascular outcomes with the use of SGLT-2 
inhibitors for patients with type-2 diabetes? 

SGLT-2 inhibitors in general 

In both of the systematic reviews,11,17 active controls included glimepiride, glipizide and 
sitagliptin. Collective results were reported for active controls, but not the individual 
comparators. 

One systematic review17 of 27 RCTs showed that compared with placebo, SGLT-2 inhibitors 
significantly reduced systolic BP by –3.8 mmHg (95% confidence interval [CI]: –4.4 to –3.2) and 
diastolic BP by 1.4 mmHg (95% CI: –1.8 to –1.1). With respect to active controls, the weighted 
mean difference (WMD) in systolic BP was –4.2 mmHg (95%CI: –4.9 to –3.5), while the WMD in 
diastolic BP was –1.9 mmHg (95% CI: –2.3 to –1.4) all in favor of SGLT-2 inhibitors. The 
authors stated that results for cardiovascular outcomes and death were inconclusive. In another 
systematic review,11 a meta-analysis of 21 primary studies showed that SGLT-2 inhibitors were 
associated with a greater reduction in systolic and diastolic BP compared with placebo, with 
respective placebo-adjusted mean differences of –3.77 mmHg (95% CI: –4.65 to  -2.90) and –
1.75 mmHg (95% CI: –2.27 to –1.23). With respect to active controls, the WMD in systolic BP 
was –4.45 mmHg (95%CI: –5.73 to –3.18), while the WMD in diastolic BP was –2.01 mmHg 
(95% CI: –2.62 to –1.39) all in favor of SGLT-2 inhibitors. In this systematic review11 meta-
analysis of 25 studies found that the overall odds of cardiovascular events among T2DM 
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patients were not significantly lower with SGLT-2 inhibitors compared with placebo and active 
controls (odds ratio [OR] = 0.89; 95%CI: 0.70 to 1.14). 

Canagliflozin 

One systematic review11 reported that in a meta-analysis of 10 trials canagliflozin did not 
demonstrate any advantage over placebo or active control in reducing the odds of 
cardiovascular event outcomes (OR 0.95; 95% CI: 0.71 to 1.26). One post hoc analysis study13 
involving pooled data from four phase 3 RCTs showed that canagliflozin provided greater 
reductions from baseline in systolic and diastolic BP than placebo. The placebo adjusted mean 
differences in systolic BP with canagliflozin 100 mg and 300 mg were –4.0 mmHg (95% CI: –5.1 
to –2.8) and –4.7 mmHg (95% CI: –5.8 to –3.5), respectively, with corresponding differences in 
diastolic BP of –1.9 mmHg (95% CI: –2.6 to –1.2) and –1.9 mmHg (95% CI: –2.6 to –1.1), for 
canagliflozin 100 mg and 300 mg, respectively. In addition, a 52-week phase 3 double-blind 
RCT15 found that canagliflozin 100mg and 300mg lowered systolic and diastolic BP to a greater 
degree than placebo with a placebo-subtracted differences in systolic BP of –5.5 mmHg (95% 
CI: –9.3 to –1.7) and –6.7 mmHg (95% CI: –10.5 to –2.9), respectively, and in diastolic BP of –
0.7 mmHg (95% CI: –3.1 to 1.8) and –1.0 mmHg (95% CI: –3.5 to 1.5), respectively. Thus the 
differences were statistically significant with respect to systolic BP but not diastolic BP. A post 
hoc analysis of another phase 3 double-blind RCT

4
 found the proportion of patients treated with 

canagliflozin 300 mg who achieved a composite efficacy endpoint of A1C <7%, BP <130/80 
mmHg, and LDL-C level <100 mg/dL at week 52 was higher than with sitagliptin 100 mg (15.7% 
versus 8.8%, respectively). The proportions of patients who achieved BP levels of < 140/90 
mmHg, < 140/80 mmHg, and < 130/80 mmHg at week 52 were also higher among those treated 
with canagliflozin 300 mg than those treated with sitagliptin 100 mg. 

Dapagliflozin 

One systematic review11 reported that in a meta-analysis of 14 trials dapagliflozin yielded lower 
cardiovascular event outcomes compared with placebo or active control, although the difference 
was not statistically significant (OR = 0.73; 95%CI: 0.46 to 1.16). One post hoc analysis study1 
involving pooled data from seven phase 3 RCTs showed that dapagliflozin reduced systolic BP 
to a greater degree than placebo with an adjusted difference of –3.6 mmHg (95% CI: –4.9 to –
2.3). Another post hoc analysis study14 with pooled data from 13 phase 2b/3 RCTs data showed 
that T2DM patients with hypertensive who were treated with dapagliflozin had greater reduction 
in systolic and diastolic BP compared with placebo resulting in adjusted differences of −3.6 
mmHg (95% CI: −4.9 to −2.4) and −1.2 mmHg (95% CI: −2.0 to −0.4) for systolic and diastolic 
BP, respectively.  

Empagliflozin 

One post hoc analysis study6 found that in a cohort of T2DM patients (n=823) in a phase 3 RCT, 
empagliflozin reduced systolic and diastolic BP to  greater degree than placebo with adjusted 
differences of −3.6 mmHg (95% CI: −4.5 to −2.7; P<0.001) and −1.3 mmHg (−1.9 to −0.8; 
P<0.001), respectively. Furthermore, reductions in PP, MAP and DP, which are markers of 
arterial stiffness, were significantly greater with empagliflozin than with placebo (P<0.001 for all 
comparisons). In the same study,6 similar results were seen from the analysis of data for 
another cohort of T2DM patients (n=2477) pooled from four phase 3 RCTs. One RCT12 found 
that, as adjunct therapy to standard care, empagliflozin resulted in a significantly lower rate of 
the primary composite cardiovascular outcome and of death from any cause compared with 
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placebo, (hazard ratio = 0.86; 95.02% CI:, 0.74 to 0.99; P = 0.04 for superiority). Standard care 
was not defined. 

Further details of main findings of the individual studies have been summarized in Appendix 4 

Limitations 

 
One limitation is that the majority of the included studies assessed only changes from baseline 
in blood following between SGLT-2 inhibitor as comparators. While persistent elevated pressure 
is a risk factor to cardiovascular events, it is unclear whether on its own high BP may be 
qualified as a cardiovascular event. Furthermore, it is unknown whether the primary studies 
included in the systematic reviews were designed to evaluate BP. Four of nine of the studies 
included in this review were post hoc pooled data analysis studies1,6,13,14 with change in BP not 
defined as the primary study objective. Therefore, BP control, or monitoring of medication use 
may have been suboptimal predisposing finding to biases. In addition, the potential for bias in 
the post hoc pooled data analysis studies1,6,13,14 is high since no measures were described to 
prevent or minimize selection bias, publication bias and other quality measures. A limitation of 
the RCT

12
 which reported cardiovascular event outcomes other than BP is that it was a placebo-

controlled study with no data to permit the comparative effectiveness of empagliflozin to other 
anti-hyperglycemic drugs, including other SGLT-2 inhibitors, to reduce the risk of cardiovascular 
morbidity and mortality in patients with T2DM. 

CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING  

 
Evidence from two systematic reviews11,17, four post hoc pooled data analysis studies1,6,13,14 and 
two RCTs indicate that SGLT2 inhibitors significantly reduced both systolic and diastolic BP 
compared with placebo or active controls (glimepiride, glipizide, metformin or sitagliptin). In 
addition to lowering BP, empagliflozin was found to be associated with favorable effects on 
markers of arterial stiffness and vascular resistance in a post hoc pooled data analysis studies,6 
while one RCT12 concluded that empagliflozin as add-on therapy to standard care had a lower 
rate of the primary composite cardiovascular outcome and of death from any cause compared 
with placebo among T2DM patients at high risk for cardiovascular events. However, the overall 
odds of cardiovascular events among T2DM patients were not significantly lower with SGLT-2 
inhibitors compared with placebo, glimepiride, glipizide, or sitagliptin.11  
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APPENDIX 1: Selection of Included Studies 

 
 
 
 
  

431 citations excluded 

25 potentially relevant articles 
retrieved for scrutiny (full text, if 

available) 

2 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand 
search) 

27 potentially relevant reports 

18 reports excluded: 
-irrelevant population (1) 
-irrelevant outcomes (7) 
-already included in at least one of 
the selected systematic reviews (6) 
-other (review articles, editorials)(4) 
 

9 reports included in review 

456 citations identified from 
electronic literature search and 

screened 
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APPENDIX 2: Characteristics of Included Publications 

 
Table A1:  Characteristics of Included Systematic Reviews and Meta-Analyses 

First Author, 
Publication 

Year, 
Country 

Types and 
numbers of 

primary studies 
included 

Population Characteristics Intervention Comparator(s) Clinical Outcomes, 
a
 Length of Follow-

Up 

Baker, 2014
17

 
 
USA 

27 RCTs 12,960 participants 2. SGLT-2 inhibitors 
o Canagliflozin, 
o Dapagliflozin,  
o Empagliflozin,  
o Ipragliflozin,  
o Remogliflozin 

 Placebo  
 Active comparators 
o Glimepiride,  
o Glipizide,  
o Metformin,  

o Sitagliptin 

 WMD in BP 
 RR of orthostatic 

hypotension  

 WMD in body wt.,  
Duration of follow-up 
in the primary 
studies ranged from 
12 days to 52 weeks 

Vasilakuo, 
2013

11
 

 
Greece 

58 articles, 
abstracts, and 
regulatory 
authorities’ reports 
covering 47 primary 
studies made up of 
blinded (40) and 
open-label 
(n=7).RCTs  

16,407 T2DM patients  SGLT-2 inhibitors  
o Canagliflozin, 
o Dapagliflozin,  
o Empagliflozin,  
o Ertugliflozin 
o Ipragliflozin,  
o Luseogliflozin,  
o Remogliflozin,  
o Tofogliflozin 

 Placebo  

 Active comparators 
o Dapagliflozin  
o Glimepiride,  
o Glipizide,  
o Metformin,  
o Sitagliptin  

 WMD in A1C,  

 WMD in body wt.,  
 WMD in BP  
Duration of follow-up 
in the primary 
studies ranged from 
12 days to 102 
weeks  

Chilton, 2015
6
 

 
USA 

Analysis of pooled 
data from five phase 
3 RCTs

 b
 

3,300 of T2DM patients (in two 
cohorts) with A1C ≥7 and ≤10% BMI 
≤45 kg/m

2
 at baseline. Patients in 

cohort 1 had hypertension (mean 
seated SBP 130–159 mmHg and 
DBP 80–99 mmHg). 

Empagliflozin 10mg or 25 mg 
daily. Patients in cohort 1 were 
treated for 12 weeks while 
those in cohort 2 were treated 
for 24 weeks 

Placebo once daily Changes in A1C, 
BP, heart rate, PP, 
MAP, DP (or RPP 
from baseline 
(measured at week 
12 for cohorts 1 and 
week 24 for cohort 
2). 

The patients were either naïve to antidiabetic therapy or 
they were stabilized on anti-diabetic therapy for at least 
12 weeks before randomization. 

Parikh, 2015
1
 Analysis of pooled 

data from seven 
phase 3 RCTs 

b
  

3,731 T2DM patients, mean age of 57 
years (range 22 to 84 years), A1C 
across studies ranged from 6.5% to 
12.0%, BMI ≤ 45 kg/m

2
 

Dapagliflozin, 2.5mg, 5 mg, or 
10mg daily. (treatment duration 
ranged from 24 weeks to 104 
weeks) 

 Placebo once daily 
 Active control 
o Glipizide  
o Metformin-XR 

Changes in A1C, 
body weight, heart 
rate, and BP.  

The patients were exposed to a wide variety of therapies; 
however, in one placebo-controlled study the patients 
were drug-naïve at baseline. 
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Table A1:  Characteristics of Included Systematic Reviews and Meta-Analyses 
First Author, 
Publication 

Year, 
Country 

Types and 
numbers of 

primary studies 
included 

Population Characteristics Intervention Comparator(s) Clinical Outcomes, 
a
 Length of Follow-

Up 

Sjostrom, 
2015

14
 

 
Sweden 

Analysis of pooled 
data from 13 
placebo-controlled 
phase 2b/3 RCTs 

b
  

4,516 T2DM patients, median age of 
patients between 58 and 62 years, 
and mean BMI ranged from 31.7 to 
33.1 kg/m

2
. Between 49.1% and 

65.9% of the patients had a prior 
history of CVD. 

Dapagliflozin, 10mg daily for up 
to 24 weeks 

Placebo once daily Changes in BP, 
heart rate, and 
orthostatic reactions, 
from baseline. 

Weir, 2014
13

 
 
USA 

Analysis of pooled 
data from four 
placebo-controlled 
phase 3 RCTs 

b
  

2,313 T2DM patients aged between 
55.7 to 56.3 years. The mean (SD) 
duration of T2DM ranged from  7.2 
(5.8) to 7.5 (6.2) years , with A1C 
≥7.0 and ≤10.0, BMI between 31.9 to 
32.3 kg/m

2
, and eGFR ≥50 

mL/min/1.73 m
2 
The proportion taking 

antihypertensive medication at 
baseline ranged from 55.4% to 
58.2%.  

Canagliflozin 100 mg and 300 
mg daily for 26 weeks 

Placebo once daily Change from 
baseline in BP at 
week 26 

A1C = glycated hemoglobin; BP = blood pressure; CVD = cardiovascular disease; T2DM = type-2 diabetes mellitus; DP = double product; eGFR = estimated glomerular f iltration rate 
MAP = mean arterial pressure; PP = pulse pressure; RCT = randomized controlled trial; RPP = rate pressure product; RR = relative risk; SD =standard deviation; SGLT-2 = sodium 

glucose co-transporter-2; WMD = w eighted mean difference; wt. =weight. 

a This review  only focuses on cardiovascular outcomes, including blood pressure 
b These studies w ere not identif ied through systematic comprehensive literature searches and do not f it the usual description of systematic reviews  
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Table A2:  Characteristics of Included Clinical Studies 
First Author, 
Publication 

Year, Country, 
Study Name 

Study Design Patient Characteristics Intervention(s) Comparator(s) Clinical Outcomes
 a
 

Zinman, 2015
12

 
 
Canada 

A double-blind, 
placebo-controlled 
RCT (median 
observation time, 
3.1 years). 

7,020 T2DM patients with established 
cardiovascular disease (≥18 years of age) 
with BMI ≤ 45 kg/M

2
, had A1C ≥7.0% and 

≤10.0%, and eGFR ≥30 ml per minute per 
1.73 m

2
 of body-surface area. 

Empagliflozin 10 mg or 
25 mg once daily 

Matched-placebo 
once daily 

Primary  
Composite of death from 
cardiovascular causes, 
nonfatal MI, or nonfatal 
stroke. 
Secondary  
Composite of the 
primary outcome plus 
hospitalization for 
unstable angina. 

The patients were either naïve to antidiabetic 
therapy or they were stabilized on anti-diabetic 
therapy for at least 12 weeks before 
randomization. 

Bailey, 2014
4
 

 
USA 

A 52-week double-
blind, phase 3 
RCT (a post-hoc 
analysis) 

756 patients (≥ 18 years old) with a mean 
duration of T2DM of 9.6 years, A1C levels 
between 7.0% and 10.5% and eGFR≥ 55 
ml per minute per 1.73 m

2
 of body-surface 

area.  

Canagliflozin 300 mg 
once daily 

Sitagliptin 100 mg A1C, BP, LDL-C level, 
BMI (assessed 
individually and as 
composite quality 
measures), and body 
weight.  

Background therapy was metformin (>2000 
mg/day or >1500 mg/day if unable to tolerate a 
higher dose) plus sulfonylurea (at least half-
maximal labeled dose). 

Yale, 2014
15

 
 
Canada 

A 52-week double-
blind, phase 3 
RCT 

269 patients T2DM with Stage 3 CKD 
(eGFR ≥30 and <50 ml/min/1.73 m

2 
body-

surface area). The mean (SD) age of the 
patients was 68.5 (8.3) years, and they 
mean duration of T2DM was 16.3 (8.5) 
years with a mead (SD) A1C level of 8.0 
% (0.9).  

Canagliflozin 100 mg or 
300 mg once daily 

Matched-placebo 
once daily 

A1C, FPG, systolic BP, 
and body weight; 

The patients were either naïve to antidiabetic 
therapy or they were stabilized on anti-diabetic 
therapy.   

 A1C = glycated hemoglobin; BMI = body mass index; BP = blood pressure; DM = diabetes mellitus; eGFR = estimated glomerular f iltration rate; LDL-C = low -density lipoprotein 
cholesterol; MI = myocardial infarction; RCT = randomized controlled trial 

a This review  only focuses on cardiovascular outcomes, including blood pressure.  
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APPENDIX 3: Critical Appraisal of Included Publications 

 
Table A3:  Strengths and Limitations of Systematic Reviews and Meta-Analyses using the AMSTAR checklist 

20
 

Strengths Limitations 
Baker, 2014

17
 

 A comprehensive systematic search was conducted in electronic data 
bases for relevant literature. Furthermore, a manual search of the 
references from reports of clinical trials or review articles was performed to 
identify additional relevant studies. 

 Two reviewers independently assessed all potentially relevant articles and 
selected studies to be included based on pre-defined criteria. 

 Two reviewers independently abstracted data using a standardized tool, 
with disagreements resolved by a third reviewer. 

 Two reviewers assessed the quality of primary studies following the 
Methods Guide for Comparative Effectiveness Reviews, resolving their 
disagreements through consensus. Most (25 out of 27) of the studies were 
rated as good, with the remaining two studies grated as fair.  

 Suitable statistical methods, including the use of I-square statistic to 
assess heterogeneity, iterative or randomized-effects meta-analysis, and 
calculation of effects estimates of pooled data were used to analyze 
outcomes, which were then appropriately reported with 95% CI and P-
values.  

 Primary studies were evaluated for publication bias using the funnel plots, 
Egger’s weighted regression statistics, and the trim and fill method, all of 
which detected low risk of publication bias. 

 The inclusion criteria required that only RCTs which reported outcome data 
in a form suitable for pooling be included in this systematic review. This 
criterion creates potential for selection bias. 

 No details were provided about the characteristics of patients in the 
included primary studies. Therefore, the potential for bias in the reported 
outcomes due to relevant differences at baseline in variables such as 
disease severity, co-morbidities, disease management protocols (including 
concomitant medication use and general medication history), general 
medical condition and patients’ quality of life could not be assessed.  

 Three of the included studies had a follow-up duration of 52 weeks, while 
follow-up was 26 weeks for four other studies. For the remaining studies 
(n=20), follow-up duration ranged from 12 days (n=1) to 24 weeks (n=8). 
Therefore, it is uncertain whether the reported blood pressure outcomes will 
be maintained over a longer term, given that T2DM is a chronic condition. 

 Two of the authors of this systematic review reported potential for conflict of 
interest in that they served in various capacities for pharmaceutical 
companies including manufacturers and/or distributors of SGLT-2 inhibitors. 

Vasilakuo, 2013
11

 

 The objectives of the systematic review were clearly defined and a 
comprehensive search of electronic databases was conducted for relevant 
articles. Further searches, including a manual-search for abstracts from 
meetings of relevant associations, scanning the Web sites of relevant 
pharmaceutical companies, retrieving reports from regulatory authorities 
and clinical trial registries, and searching reference lists of eligible articles 
and relevant reviews were conducted. 

 Two reviewers independently screened titles, reports, and abstracts; and 
subsequently examined the full text for potential eligibility for inclusion in 
the systematic review. Disagreements at each stage of selection were 
resolved by consensus arbitrated by a third reviewer. 

 Two reviewers independently performed data extraction using a 
predesigned data collection form and was checked by a third reviewer. 

 Two reviewers independently assessed risk of bias of each study using the 
Cochrane Collaboration risk-of-bias tool, and resolved disagreements by 

 The quality of evidence (from 25 studies) for cardiovascular events of 
SGLT2 inhibitors versus other antidiabetic medication or placebo was 
graded as low, downgraded because most of the studies had unclear risk of 
bias, and had imprecision due to wide CIs in their results. 

 A comparative cardiovascular effect of individual SGLT-2 inhibitors could be 
assessed since there were no head-to-head trials or indirect comparison 
between them. 

 Cardiovascular impacts may be long in coming after initiation of therapy. 
Therefore, since the systematic review was based primarily on data from 
trials designed to assess short-term efficacy outcomes, it is unknown 
whether the reported cardiovascular event outcomes would reflect actual 
clinical practice results.  

 Two of the authors of this systematic reviews reported potential conflict of 
interest as a result of association with some pharmaceutical companies. 
The details of the association were not given. Although one of the two 
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Table A3:  Strengths and Limitations of Systematic Reviews and Meta-Analyses using the AMSTAR checklist 
20

 
Strengths Limitations 

consensus. 

 The Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) approach was used to summarize the strength of 
evidence and determine confidence in summary estimates for clinically 
relevant comparisons and outcomes. 

 Assessment for publication bias was done using the Egger statistical test. 

 Suitable statistical analysis, including assessment of heterogeneity, meta-
analysis reporting effect estimates with 95% CI, and multi-method 
verification of robustness of findings, were perform ed.  

authors had grants from a pharmaceutical company, this systematic 
received no funding. However, most of the primary studies were industry 
funded, which could be a potential source of bias in the reported outcomes. 

BP = blood pressure; CI = confidence intervals; DM = diabetes mellitus; RCT = randomized controlled trial; RR = relative risk; SGLT-2 = sodium glucose co-transporter-2; WMD = 
w eighted mean difference; wt. =weight. 

 

 

Table A4:  Strengths and Limitations of Pooled Clinical trials 
a
 using the AMSTAR checklist 

20
 

Strengths Limitations 
Chilton, 2015

6
 

 The objectives of the study, as well as the interventions of interest 
and main outcomes to be measured were clearly defined; 

 The analysis involved data from a large sample size (n=3,300) 
pooled from five phase 3 double-blind, placebo-controlled RCTs;  

 The main findings or the study were clearly reported along with 
estimates of random variability and actual probability values. The 
LOCF approach was used to impute missing data. 
 

 It is unknown if there were any measures to minimize bias due to the selection of 
studies from which data were pooled for analysis. 

 This was a post hoc analysis, and it is unknown whether the studies involved had 
the design and power to detect relevant differences in outcomes between study 
groups; 

 Blood pressures measurements methods were different for the two cohorts  that 
were studied– 24-hour BP monitoring for cohort 1 and seated office BP 
measurements for cohort 2. The implication for the differences is unknown; 

 Participants included patients who were drug-naïve with respect BP-lowering 
medications, or those taking one or two drugs to lower their BP. It is unknown to 
what extent this variability in background BP therapy contributed to the reported BP 
outcomes; 

 In cohort 1, data was imputed for 12.7% and 13.3%, respectively of patients in the 
empagliflozin and placebo groups, whereas in cohort 2 the corresponding figures 
were 11.6% and 25.1%, respectively. It is unknown whether there was a balance 
across treatment groups in the characteristics of patients  for whom data was 
imputed. Therefore, the extent to which missing data could influence the reported 
systolic BP outcomes could not be assessed. In addition, missing data in the 
placebo group was more than two-fold higher in the placebo group than in the 
empagliflozin group in cohort 2; 
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Table A4:  Strengths and Limitations of Pooled Clinical trials 
a
 using the AMSTAR checklist 

20
 

Strengths Limitations 

 The studies that provided data for these analyses were funded by pharmaceutical 
companies. In addition, the authors of this study had either received grants or 
consultation fees from, or were employees of the pharmaceutical companies. 
Furthermore, a pharmaceutical company provided financial support for medical 
writing assistance during the preparation of the manuscript. 

Parikh, 2015
1
 

 The objectives of the study, as well as the interventions of interest 
and main outcomes to be measured were clearly defined; 

 Studies were selected for inclusion if they were sufficiently similar 
in design to enable meaningful dapagliflozin versus placebo 
efficacy comparisons to be made using the pooled data, which 
minimized sources of imbalances in the studies. 

 The analysis involved data from a large sample size (n=3,731) 
pooled from seven phase 3 double-blind RCTs;  

 The main findings or the study were clearly reported along with 
estimates of random variability and actual probability values.  

 It is unknown if there were any measures to minimize bias due to the selection of 
studies from which data were pooled for analysis. 

 There were no data about patients’ baseline systolic BP across study groups. 
Therefore, the potential for risk of bias due to imbalances at baseline could not be  
assessed;  

 Systolic BP data after initiation of rescue glycemic therapy were included in the 
analysis and it is unknown to what extent these influenced the reported BP outcome; 

 There was no information on how missing data was handled; 

 The studies that provided data for these analyses were funded by pharmaceutical 
companies. In addition, the authors of this study had either received grants or 
consultation fees from, or were employees and or stockholders of the 
pharmaceutical companies. Furthermore, a pharmaceutical company provided 
financial support for medical writing assistance during the preparation of the 
manuscript 

Sjostrom, 2015
14

 

 The objectives of the study, as well as the interventions of interest 
and main outcomes to be measured were clearly defined; 

 Patient demographics and baseline characteristics were generally 
balanced between dapagliflozin and placebo groups, and the use 
of specific anti-hypertensive treatments at baseline was balanced 
across the treatment groups, thereby reducing the potential for 
bias. 

 The analysis involved data from a large sample size (n=4,516) 
pooled from a total of 13 phase 2b and phase 3 placebo-
controlled RCTs;  

 The main findings or the study were clearly reported along with 
estimates of random variability.  

 It is unknown if there were any measures to minimize bias due to the selection of 
studies from which data were pooled for analysis. 

 The analysis of BP outcomes was done post-hoc and there was no indication that 
the study had the design or power to detect significant difference in BP between 
treatment groups.  

 The authors of this study were either employees or stockholders of the 
pharmaceutical companies which funded the studies that provided data for the 
analyses, Moreover, the analysis and editorial support for the article were funded by  
a pharmaceutical company. 

Weir, 2014
13

 

 The objectives of the study, as well as the interventions of interest 
and main outcomes to be measured were clearly defined; 

 The key inclusion and exclusion criteria for each primary study 
were summarized. 

 Patient demographics and baseline characteristics were generally 

 It is unknown if there were any measures to minimize bias due to the selection of 
studies from which data were pooled for analysis. 

 The primary studies excluded patients with cardiovascular conditions such as a 
history of MI, unstable angina, and uncontrolled hypertension (defined as the 
average of three seated BP readings with SBP ≥160 mmHg or DBP ≥100 mmHg). 
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Table A4:  Strengths and Limitations of Pooled Clinical trials 
a
 using the AMSTAR checklist 

20
 

Strengths Limitations 
balanced between dapagliflozin and placebo groups, thereby 
reducing the potential for bias. 

 A run-in period of ≥ 4 weeks prior to randomization was required 
to allow clinically necessary adjustments and stabilization of 
antihypertensive medication regimen during the pretreatment 
phase in order to avoid adjustments during the double-blind period 
which could potentially bias the outcomes. 

 The analysis involved data from a large sample size (n=2,313) 
pooled from four placebo-controlled phase 3 RCTs;  

 The main findings or the study were clearly reported along with 
estimates of random variability. The LOCF approach was used to 
impute missing data. 

 Subgroup analysis based on use of antihypertensive medication 
and adjusting for baseline BP and antihypertensive medication 
use was performed, with sensitivity analysis for patients who had 
adjustments in their antihypertensive medications.  

Therefore, the generalizability of the findings of this pooled data analysis in a 
population of patients with these conditions is unknown. 

 The studies that provided data for these analyses were funded by pharmaceutical 
companies. In addition, the authors of this study had either received grants or 
consultation fees from, or were employees of the pharmaceutical companies. 
Furthermore, a pharmaceutical company provided financial support for medical 
writing assistance during the preparation of the manuscript. 

 
a
 These studies w ere not identif ied through systematic comprehensive literature searches and do not f it the usual description of systematic reviews 

 

 

Table A5:  Strengths and Limitations of Randomized Controlled Trials using the Downs and Black checklist
19

  

Strengths Limitations 
Zinman, 2015

12
 

 The objectives of the study, as well as the interventions of interest 
and main outcomes to be measured were clearly defined.  

 The study participants were recruited from 42 countries, which 
enhanced the potential for the generalizability of findings in the 
general population of T2DM patients in a variety of settings. 
However, specifics of the countries and actual settings of study were 
not provided in the article.  

 Inclusion and exclusion criteria were well-defined, and patients were 
randomized to receive treatment in a double-blind manner, so that 
assigned treatment was concealed to the investigators and patients.  

 Cardiovascular outcome events and deaths were adjudicated by two 
clinical-events committees in accordance win FDA guidelines. 

 The main findings or the study were clearly reported along with 
estimates of random variability and actual probability values. The 
LOCF approach was used to impute missing data. 

 Details of patients’ characteristics at baseline were not clearly described. However 
the investigators stated that demographic and clinical characteristics were well 
balanced between the placebo group and the empagliflozin group at baseline. 

 Investigators were encouraged to treat other cardiovascular risk factors to achieve 
the best available standard of care throughout the trial. In addition, they could  
adjust glucose-lowering therapy at their discretion after week 12 to achieve 
glycemic control according to local guidelines. Furthermore, while the background 
glucose-lowering therapy was to remain unchanged for the first 12 weeks after 
randomization, it could be intensified, reduced or discontinued if deemed 
necessary without withdrawing the patient from the study. Therefore, it is uncertain 
whether the permitted variability in background therapy after randomization 
introduced imbalances in the treatment groups that could be bias the reported 
outcomes 

 Although the study stated a non-inferiority margin (1.3 for HR) for the primary 
outcome, the rationale for choosing this margin was not given. Therefore, it is 
unknown whether the margin was appropriate. 

 The study was placebo-controlled. Thus with no data from other anti-
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Table A5:  Strengths and Limitations of Randomized Controlled Trials using the Downs and Black checklist
19

  
Strengths Limitations 

hyperglycemic drugs to compare, it was not possible to deduce the comparative 
effectiveness of empagliflozin to reduce the risk of cardiovascular morbidity and 
mortality in patients with T2DM from the study findings . 

 The study was funded by pharmaceutical companies, and some investigators 
worked for a pharmaceutical company 

Bailey, 2014
4
 

 The objectives of the study, as well as the interventions of interest 
and main outcomes to be measured were clearly defined. 

 Inclusion and exclusion criteria were well-defined, and patients were 
randomized to receive treatment in a double-blind manner, so that 
assigned treatment was concealed to the investigators and patients, 
and the randomization and concealment were maintained for the 
entire duration of the study (52 weeks).  

 Baseline measures of A1C, BP, LDL-C, and BMI and body weight 
were clearly reported, and were generally similar in the canagliflozin 
and sitagliptin treatment groups.  

 The main findings or the study were clearly reported along with 
estimates of random variability and actual probability values. The 
LOCF approach was used to impute missing data.  

 Patients ’ characteristics at baseline were not clearly described although the 
authors stated that demographic and disease characteristics were generally 
similar between the canagliflozin 300 mg and sitagliptin 100 mg groups. 

 Data for the week 52 diabetes-related quality measures, including BP were 
analyzed post hoc and it is unknown whether the study had the design and power 
to detect relevant differences between treatment groups. 

 Analysis was performed on a modified ITT (mITT) instead of the actual ITT 
population, and there was no mention of how missing data was treated. However, 
these are unlikely to change the reported outcomes significantly since mITT was 
only one patient short of the total number of patients randomized representing the 
true ITT. 

 The overall discontinuation rate was higher (38.5%), which presents the potential 
of altering the bias-minimizing property of randomization at baseline. The most 
common cause of discontinuation was lack of glycemic control leading to 
withdrawal of patients who met pre-specified glycemic criteria since the protocol 
did not allow glycemic rescue therapy. 

 The study was funded by a pharmaceutical company, and the investigators 
worked for the company. 

Yale, 2014
15

 

 The objectives of the study, as well as the interventions of interest 
and main outcomes to be measured were clearly defined. 

 Inclusion and exclusion criteria were well-defined, and patients were 
randomized to receive treatment in a double-blind manner, so that 
assigned treatment was concealed to the investigators and patients, 
and the randomization and concealment were maintained for the 
entire duration of the study (52 weeks).  

 Characteristics of patients included in the study were clearly 
described, generally showing similarity in demographics and disease 
conditions across the treatment groups at baseline for both the 
primary and extension phases of the study. 

 The main findings or the study were clearly reported along with 
estimates of random variability and actual probability values. 

 BP outcomes were assessed post-hoc and there was no indication that the study 
had the designed or power to detect significant difference in cardiovascular 
outcomes, including BP, between treatment groups. 

 Analysis was performed on a mITT instead of the actual ITT population, and there 
was no mention of how missing data was treated. However, these are unlikely to 
change the reported outcomes significantly since mITT was only three patients 
short of the ITT, and only one patient was lost to follow-up, 

 The study was placebo-controlled. Thus with no data from other anti-
hyperglycemic drugs to compare, it was not possible to deduce the comparative 
effectiveness of canagliflozin to reduce BP in T2DM patients from the study 
findings. 

 It is unknown if the findings at 52-weeks will be maintained for a longer term in 
T2DM, a chronic progressive disease.  

FDA = Food and Drug Administration 
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APPENDIX 4: Main Study Findings and Author’s Conclusions 
 

Table A6:  Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusions 
Baker, 2014

17
 

 A meta-analysis of 27 RCTs (n=13,000) showed that overall SGLT-2 
inhibitors significantly reduced systolic BP by –4 mmHg (95% CI: –4.4, –
3.5; Cochrane P = 0.986) and diastolic BP by –1.6 mmHg (95% CI: –2.2, –
1.0 Cochrane P =0.990) compared with control. 

 Compared with placebo, SGLT-2 inhibitors significantly reduced systolic BP 
by –3.8 mmHg (95% CI: –4.4, –3.2) and diastolic BP by –1.4 mmHg (95% 
CI: –1.8, –1.1) 

 Compared with active control, SGLT-2 inhibitors significantly reduced 
systolic BP by –4.2 mmHg (95% CI: –4.9, –3.5) and diastolic BP by –1.9 
mmHg (95% CI: –2.3, –1.4) 

 Analysis of data from 19 studies (n=10,073) showed that as a class, SGLT-
2 inhibitors had no significant effect on the incidence of orthostatic 
hypotension with RR of 0.72, (95% CI: 0.47, 1.09), and absolute ris k 
difference of 0.001 (95% CI: –0.003, 0.003), which corresponds to NNH of 
1000.  

 

 “Compared with control, the SGLT2 inhibitors significantly reduced both 
systolic and diastolic BP versus placebo and active controls. These effects 
are likely due to an osmotic diuresis, as shown by increases in hematocrit 
and decreases in body weight. No increase in orthostatic hypotension was 
seen with this drug class.”

17
 page 273 

Vasilakuo, 2013
11

 

 Meta-analysis of 25 primary studies (n=17,180) showed that compared with 
placebo or active controls, the overall odds of cardiovascular events 

a
 

among T2DM patients was not significantly lower with SGLT-2 inhibitors 
(OR = 0.89; 95% CI: 0.70, 1.14; I

2
 = 0%) 

 Both canagliflozin and dapagliflozin were associated with modestly lower 
odds of cardiovascular events compared with placebo or active agents (OR 
= 0.95; 95% CI: 0.71, 1.26; and OR = 0.73; 95% CI: 0.46, 1.16, 
respectively).  The differences were not statistically significant. 

 Meta-analysis of 21 primary studies  (n=7,214) showed that compared with 
placebo, SGLT-2 inhibitors were associated with a reduction in systolic BP 
with a WMD of –3.77 mmHg (95% CI: –4.65, –2.90; I

2
 = 44%)  

 Meta-analysis of 16 studies (n=3,414) showed that compared with placebo, 
SGLT-2 inhibitors were associated with a reduction in diastolic BP with a 
WMD of -1.75 mmHg (95% CI: –2.27, –1.23; I

2
 = 0%) 

 Meta-analysis of six studies (n=2,487) showed that compared with active 
controls, SGLT-2 inhibitors were associated with a reduction in systolic BP 
with a WMD of –4.45 mmHg (95% CI: –5.73, –3.18; I

2
 = 34%); and a 

reduction in diastolic BP with a WMD of –2.01 mmHg (95% CI: –2.62, –
1.39; I

2
 = 0%) 

 “In conclusion, SGLT2 inhibitors seem to be an effective treatment option for 
adults with type 2 diabetes. They may improve some short-term outcomes, 
but further research is necessary to clarify effects on long-term clinical 
outcomes, diabetic complications, and safety”.

11
 page 271 
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Table A6:  Summary of Findings of Included Studies 
Main Study Findings Author’s Conclusions 

Chilton, 2015
6
 

 In cohort 1, the adjusted mean difference versus placebo in change from 
baseline in mean 24-hour systolic BP at week 12 was −3.9mmHg (95% CI: 
−5.0, −2.7; P<0.001) with mean 24-hour diastolic BP of −1.5mmHg (95% 
CI: −2.2, −0.8; P<0.001), and mean 24-hour heart rate of −0.6 bpm (95% 
CI: −1.4, 0.3; P=0.209).  

 In cohort 1, the adjusted mean difference in PP, MAP and DP were −2.3 
mmHg, −2.3 mmHg, and−385 mmHg × bpm, respectively, (P <0.001 in all 
comparisons); with subgroup analysis showing nominally greater 
reductions in PP with increasing baseline systolic BP (interaction P = 
0.092).  

 In cohort 2, the adjusted mean difference versus placebo in change from 
baseline in mean 24-hour systolic BP at week 24 was −3.6 mmHg (95% CI: 
−4.5, −2.7; P<0.001) with mean 24-hour diastolic BP of −1.3 mmHg (95% 
CI: −1.9, −0.8; P<0.001), and mean 24-hour heart rate of −0.8 bpm (95% 
CI: −1.4, 0.2; P=0.012).  

 In cohort 2, the adjusted mean difference in PP, MAP and DP were −2.3 
mmHg, −2.1 mmHg, and −369 mmHg × bpm, respectively, (P <0.001 in all 
comparisons); with subgroup analysis showing greater reductions in PP 
and MAP with increasing baseline SBP (interaction P = 0.123 and 0.027, 
respectively).  

 “Empagliflozin reduced BP and had favorable effects on markers of arterial 
stiffness and vascular resistance.

6
 page 1 

 “As no other classes of glucose-lowering drugs, including dipeptidyl 
peptidase-4 inhibitors and GLP-1 receptor analogues, have shown similar 
findings, the observed improvements in arterial stiffness and vascular 
resistance could be a unique phenomenon for empagliflozin, which could 
have major implications for vascular health and CV prognosis.”

6
 page 9                                                                                

Parikh, 2015
1
 

 A pooled analysis of 24-week data showed that dapagliflozin and placebo 
reduced systolic BP by 5.0 mmHg and 1.4 mmHg, respectively, resulting in 
a dapagliflozin versus placebo differences of –3.6 mmHg (95% CI: –4.9, –
2.3.) 

 A head-to-head comparison showed that dapagliflozin decreased systolic 
BP to a greater degree that glipizide at 24 weeks, with the difference 
maintained after 2 years of therapy (–3.89 mmHg; 95% CI: –6.08, –1.69).   

 Pooled analyses did not indicate that dapagliflozin increased 
cardiovascular event risk. 

 “In conclusion, dapagliflozin demonstrates strong efficacy equivalent to 
metformin-XR in patients beginning glucose-lowering therapy and provides 
additional and durable HbA1c reduction vs. placebo when added to 
metformin or a wide variety of therapies, including other oral therapies and 
insulin. Additional benefits include weight loss and a low intrinsic propensity 
for hypoglycemia. Dapagliflozin was generally well tolerated in clinical trials. 
Thus, provided there is adequate renal function, dapagliflozin can be used in 
patients across any stage of the disease spectrum.”

1
 page 197  

Sjostrom, 2015
14

 

 Analysis of pooled data showed that hypertensive T2DM patients treated 
with dapagliflozin had greater reduction from baseline in BP than those 
treated with placebo, resulting in adjusted difference at week 24, 
dapagliflozin versus placebo in systolic and diastolic BP of −3.6 (95% CI: 
−4.9 to −2.4 mmHg) and −1.2 mmHg (95% CI: −2.0 to −0.4 mmHg), 
respectively. The corresponding in adjusted differences in systolic and 
diastolic BP at week 24 among non-hypertensive T2DM patients were 

 “In conclusion, dapagliflozin 10 mg induces a modest reduction in blood 
pressure compared with placebo in patients with diabetes with a low risk of 
orthostatic reactions, regardless of baseline blood pressure.”

14
 page 352 
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Table A6:  Summary of Findings of Included Studies 
Main Study Findings Author’s Conclusions 

−2.6 (−3.4 to −1.8 mmHg) and −1.2 mmHg, (−1.8 to −0.7 mmHg) 
respectively. 

 The mean change from baseline to week 24 in heart rate was 0.5 bpm and 
0.4 bpm among hypertensive T2DM patients treated with dapagliflozin and 
placebo, respectively. Among non-hypertensive T2DM patients the 
corresponding changes in heart rate were 0.1 bpm ab o.7 bpm.  The 
observed difference between dapagliflozin and placebo in heart rate was 
not clinically relevant in any of the comparisons.   

 The proportion of patients  at week 24 who experienced measured 
orthostatic reactions  was similar among those treated with dapagliflozin 
and placebo for both hypertensive (6.1% and 6.6%, respectively) and non-
hypertensive (4.0% and 4.2%) patients. 

Weir, 2014
13

 

 Canagliflozin 100 mg and 300 mg provided greater reductions from 
baseline in systolic BP (–4.3 mmHg; 95% CI: –5.0, –3.5) and (–5.0 mmHg; 
95% CI: –5.8, –4.2, respectively) compared with placebo (–0.3 mmHg; 95% 
CI: –1.2, –0.5), resulting in a WMD reductions in SBP with canagliflozin 100 
mg and 300 mg of –4.0 mmHg (95% CI: –5.1, –2.8) and –4.7 mmHg (95% 
CI: –5.8, –3.5), respectively.  

 Canagliflozin 100 mg and 300 mg provided greater reductions from 
baseline in in diastolic BP (–2.5 mmHg; 95% CI: –2.9, –2.0; and –2.4 
mmHg; 95% CI: –2.9, –1.9, respectively) compared with placebo (–0.6 
mmHg; 95% CI: –1.1, –0.02); resulting in a WMD reductions in DBP with 
canagliflozin 100 mg and 300 mg of –1.9 mmHg (95% CI:  –2.6, –1.2) and 
–1.9 mmHg (95% CI: –2.6, –1.1), respectively. 

 “Overall, canagliflozin provided SBP and DBP reductions in a general 
population of patients with T2DM. Patients with elevated SBP or DBP had 
larger BP reductions compared with the overall population. Notably, SBP 
and DBP reductions with canagliflozin were similar regardless of 
background use of antihypertensive agents. Canagliflozin was generally well 
tolerated, with a low incidence of AEs related to intravascular volume 
reduction across groups and an increased incidence of osmotic diuresis–
related AEs. Therefore, canagliflozin may benefit patients with T2DM across 
a range of baseline BPs.”

13
 page 882  

Zinman, 2015
12

 

 The percentage of patients in the empagliflozin group (10.5%)   with a 
composite of death from cardiovascular causes, nonfatal MI, or nonfatal 
stroke (primary outcome)  was significantly lower than among patients in 
the placebo group (12.1%]), resulting in HR of  0.86; (95% CI: 0.74, 0.99; 
P<0.001 for non-inferiority and P = 0.04 for superiority) 

 The percentage of patients in the empagliflozin group (12.8%) with a 
composite of primary outcome  plus hospitalization for unstable angina was 
significantly lower than among patients in the placebo group (14.3%), with 
a resulting HR of  0.89; (95% CI: 0.78, 1.01; P<0.001 for non-inferiority and 
P = 0.08 for superiority) 

 Patients in the empagliflozin group had a significantly lower risk of death 
from cardiovascular causes, and death from any cause than placebo (HR = 
0.62; 95% CI: 0.49, 0.77; and HR = 0.68; 95% CI, 0.57, 0.82; respectively; 
P<0.001 in both cases).  

 “Patients with type 2 diabetes at high risk for cardiovascular events who 
received empagliflozin, as compared with placebo, had a lower rate of the 
primary composite cardiovascular outcome and of death from any cause 
when the study drug was added to standard care.”

12
 page 1  
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Table A6:  Summary of Findings of Included Studies 
Main Study Findings Author’s Conclusions 

 The risk of hospitalization for heart failure was significantly lower in the 
empagliflozin group than in the placebo group (HR = 0.65; 95% CI: 0.50, 
0.85; P = 0.002)  

 Although the incidence of MI and stroke in the empagliflozin group 
compared with the placebo group (4.8% versus 5.4%; and 3.5% versus 
3.0%, respectively), the differences were not statistically significant in either 
of the comparisons.   

Bailey, 2014
4
 

 The proportions of patients in the canagliflozin 300 mg group who achieved 
BP levels of < 140/90 mmHg, < 140/80 mmHg, and < 130/80 mmHg at 
week 52 were 84.5%, 62.4%, and 53.3%, respectively; all of which were 
higher compared with the proportions of patients who achieved these 
targets in the sitagliptin 100 mg group (71.9%, 48.2%, and 38.4%, 
respectively).  

 The proportion of patients in the canagliflozin 300 mg group who achieved 
the composite quality measure of an A1C <7%, BP <130/80 mmHg, and 
LDL-C level <100 mg/dL at week 52 was higher compared with sitagliptin 
100 mg (15.7% versus 8.8%, respectively). 

 “Canagliflozin 300 mg demonstrated better attainment of individual and 
composite diabetes-related quality measures compared with sitagliptin 100 
mg, suggesting that canagliflozin may provide improved health outcomes 
relative to sitagliptin in the treatment of patients with T2DM. These findings 
may help inform the decisions of physicians, patients, and payers in the 
selection of treatment options for the management of T2DM.”

4
 page S23 

Yale, 2014
15

 

 At week 52, canagliflozin 100 and 300 mg lowered systolic BP to a greater 
degree than placebo with a placebo-subtracted differences of –5.5 mmHg 
(95% CI: –9.3, –1.7) and –6.7 mmHg (95% CI: –10.5, –2.9), respectively. 

 Reductions in diastolic BP at week 52 were greater with canagliflozin 100 
and 300 mg than placebo resulting in a difference of –0.7 (95% CI: –3.1, 
1.8) and –1.0 (95% CI: –3.5, 1.5), respectively.   

 The mean change from baseline in pulse rate with canagliflozin 100 and 
300 mg and placebo were –0.4, –1.3 and –1.0 bpm, respectively; with a 
placebo-subtracted differences of –1.0% (95% CI: –3.7, 1.7) and –1.6% 
(95% CI: –4.3, 1.1) with canagliflozin 100 and 300 mg, respectively. 

 “In summary, canagliflozin provided clinically important improvements in 
glycaemic control and sustained reductions in body weight and BP over 52 
weeks, and was generally well tolerated in patients with T2DM and within a 
subset of Stage 3 CKD (eGFR ≥30 and <50 ml/min/1.73 m2).”

15
 page 1025 

AE = adverse events; BP = blood pressure; bpm = beats per minute; CI = confidence intervals; CKD = chronic kidney disease; DBP = diastolic blood pressure DM = diabetes mellitus; 
DP = double product;  eGFR = estimated glomerular f iltration rate; HR = hazard ratio; LDL-C = low  density lipoprotein cholesterol; MAP = mean arterial pressure; MI = myocardial 
infarction; NNH = number needed to harm; OR = odds ratio; PP = pulse pressure; RCT = randomized controlled trial; RR = relative risk; SBP = systolic blood pressure; SGLT-2 = 
sodium glucose co-transporter-2; T2DM = type-2 diabetes mellitus; WMD = w eighted mean difference; wt. =weight. 

a Cardiovascular events  referred to myocardial infarction, stroke, death due to cardiovascular disease, or hospitalization for  unstable angina. 
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