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Abstract
Objective  This study evaluated the characteristics of 
new users of sodium glucose co-transporter 2 inhibitors 
(SGLT2i) in clinical practice to assess the applicability 
of the findings from clinical trials (Empagliflozin, 
Cardiovascular Outcomes and Mortality in Type 2 
Diabetes (EMPA-REG OUTCOME) trial, Dapagliflozin 
Effect on Cardiovascular Events (DECLARE)-TIMI 58 trial, 
Canagliflozin Cardiovascular Assessment Study (CANVAS) 
program and the Evaluation of Ertugliflozin Efficacy and 
Safety Cardiovascular Outcomes (VERTIS-CV) trial) and 
multinational observational studies (CVD-REAL Nordic 
study and CVD-REAL 2 study).
Research design and methods  We conducted a retrospective 
cohort study using the largest electronic medical records 
database from seven hospitals in Taiwan. We included 
adult patients with type 2 diabetes initiating canagliflozin, 
dapagliflozin and empagliflozin between 1 January 2018 and 
31 August 2019. We compared the patient characteristics 
with SGLT2i to examine the data representativeness of clinical 
trials and to evaluate channeling uses between canagliflozin, 
dapagliflozin and empagliflozin.
Results  We identified a cohort of 11 650 patients newly 
initiating SGLT2i, 49.9% of whom received empagliflozin. 
However, only 18.7%, 19.2%, 50.4% and 57.3% of real-
world SGLT2i new users were included in the EMPA-REG 
OUTCOME trial, VERTIS-CV trial, DECLARE-TIMI 58 trial and 
CANVAS program, respectively. Reasons for exclusion were 
largely reduced cardiovascular disease risks in real-world 
patients, namely 72.8%, 73.6% and 34.2% for EMPA-REG 
OUTCOME trial, VERTIS-CV trial and DECLARE-TIMI 58 trial 
and CANVAS program, respectively. However, hemoglobin 
A1c out of range accounted for the most frequent reason 
(25.0%) for exclusion of real-world patients from the 
CANVAS program. We found channeling uses in different 
SGLT2i, for example, more patients receiving empagliflozin 
(15.3%) and canagliflozin (19.6%) had poorer renal 
functions (eg, estimated glomerular filtration rate <60 mL/
min/1.73 m2), compared with dapagliflozin (9.3%).
Conclusions  The findings provide clear evidence that 
results from current studies may be less applicable to 
real-world patients. Further studies are required to support 
the concept of real-world cardiovascular event protection 
through SGLT2i.

Introduction
Sodium glucose co-transporter 2 inhib-
itor (SGLT2i) is a new drug class for type 2 
diabetes management based on reducing 
renal glucose re-absorption and increasing 
elimination of excess glucose. It decreases 
blood glucose levels and provides additional 
benefits through the control of body weight 

Significance of this study

What is already known about this subject?
►► Several studies found the risk of cardiovascular 
events reduced in patients with type 2 diabetes re-
ceiving sodium glucose co-transporter 2 inhibitors 
(SGLT2i).

►► The recent DISCOVER study found that cardiovascu-
lar outcome trials of SGLT2i were not equally gen-
eralizable to real-world patients; however, it did not 
focus on patients newly initiating SGLT2i.

What are the new findings?
►► Only 18.7%, 19.2%, 50.4% and 57.3% of real-world 
SGLT2i new users were included in the Empagliflozin, 
Cardiovascular Outcomes and Mortality in Type 2 
Diabetes (EMPA-REG OUTCOME) trial, the Evaluation 
of Ertugliflozin Efficacy and Safety Cardiovascular 
Outcomes (VERTIS-CV) trial, Dapagliflozin Effect on 
Cardiovascular Events (DECLARE)-TIMI 58 trial and 
Canagliflozin Cardiovascular Assessment Study 
(CANVAS) program, respectively.

►► Lower cardiovascular disease risk in the real-world 
patients initiating SGLT2i was the major exclusion 
reason in the EMPA-REG OUTCOME trial, VERTIS-CV 
trial and DECLARE-TIMI 58 trial.

►► Potential confounding by indication, often also re-
ferred to as channeling use, of SGLT2i was identified; 
for example, a higher proportion of empagliflozin 
(15.3%) and canagliflozin (19.6%) new users had 
poorer renal functions (eg, estimated glomerular fil-
tration rate <60 mL/min/1.73 m2), compared with 
dapagliflozin (9.3%).

http://drc.bmj.com/
http://orcid.org/0000-0002-5852-7652
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2019-000742&domain=pdf&date_stamp=2019-11-30


2 BMJ Open Diab Res Care 2019;7:e000742. doi:10.1136/bmjdrc-2019-000742

Epidemiology/Health Services Research

Significance of this study

How might these results change the focus of research or 
clinical practice?

►► Draw attention to the built-in heterogeneity within SGLT2i class 
for better understanding the cardiovascular benefits of individual 
SGLT2i.

►► Future studies should adjust for different characteristics of both pa-
tients and SGLT2i to confirm the real-world class effects in regard 
to cardiovascular event protection, especially in patients with type 
2 diabetes with lower cardiovascular diseases risks.

and blood pressure.1 Meta-analyses from three large 
randomized clinical trials (RCT), Canagliflozin Cardio-
vascular Assessment Study (CANVAS) program, Dapagli-
flozin Effect on Cardiovascular Events (DECLARE)-TIMI 
58 trial, Empagliflozin, Cardiovascular Outcomes and 
Mortality in Type 2 Diabetes (EMPA-REG OUTCOME) 
trial, found that SGLT2i reduced major adverse cardio-
vascular event risks in patients with established athero-
sclerotic cardiovascular disease.2–5 These trials established 
the fundamental evidence regarding the uses of SGLT2i 
for cardiovascular disease (CVD) prevention, and the 
findings from another trial, the evaluation of ertugliflozin 
efficacy and safety cardiovascular outcomes (VERTIS-CV) 
will be available after 2020.6

However, the situation and the effect of drugs differ 
between clinical trials and real-world practice.7 8 For 
example, the CVD-REAL Nordic and CVD-REAL 2 studies 
with multinational data found that the characteristics 
of patients receiving SGLT2i in a real-world situation 
differed from those in clinical trials; in particular, only 
13%–25% of patients in the studies had a CVD history, 
while the CANVAS program and DECLARE-TIMI 58 trial 
included 65.6% and 40.6% of patients with CVD history, 
respectively.9–11 This prompts the question of applica-
bility of evidence from clinical trials to real-world patients 
since the baseline risks of patients are different and the 
effects of drugs are unpredictable.

Observational studies using healthcare databases can 
provide population-based evidence from real-world 
situations. However, since patient allocation cannot 
be randomized while conducting studies, investigators 
should pay attention to validity issues resulting from 
selection biases and confounders. Potential confounding 
by indication, often also referred to as channeling use, 
of SGLT2i was acknowledged. For example, while the 
new class of diabetic medication (eg, SGLT2i) is broadly 
available, the claimed superior benefits (eg, lower CVD 
morbidity and mortality) of new drugs may channel to 
patients with higher risks (eg, patients with established 
CVD), which could result in an incorrect estimation of 
the true effect of the drugs, an effect we call confounding 
by indication or channeling bias. Furthermore, since key 
information regarding the severity of diabetes or renal 
functions is unavailable in the CVD-REAL Nordic and 

CVD-REAL 2 studies, adjustments for baseline risks when 
evaluating outcomes (eg, CVD) are not possible.12

Understanding the characteristics of real-world 
patients receiving SGLT2i is the first but crucial step in 
the adoption of current evidence from clinical trials and 
observational studies into routine practice. This study 
aimed to compare the characteristics of patients with 
type 2 diabetes initiating SGLT2i in the RCT cohort and 
those in the real-world population to evaluate the appli-
cability of results from RCT. Furthermore, we used multi-
institutional electronic health records that included 
examination data to address the issues of unmeasured 
confounders while conducting real-world studies related 
to SGLT2i. To assess the extent of channeling uses in 
SGLT2i, we compared patient characteristics between 
users of canagliflozin, dapagliflozin and empagliflozin.

Research design and methods
Data source
We conducted a retrospective cohort study using the 
Chang Gung Research Database (CGRD). Details of the 
CGRD have been described elsewhere.13 Briefly, CGRD is 
a standardized electronic medical records (EMR) data-
base which includes seven hospitals with different levels 
(two medical centers, two regional hospitals and three 
district hospitals) located from northern to southern 
Taiwan and covering approximately 8.9% of outpatients 
with endocrine and metabolic diseases.13 The CGRD is 
updated every month to facilitate timely assessments, and 
the diagnosis codes in CGRD have been validated for 
diabetes, heart failure, ischemic stroke and varicose veins 
of the lower extremities.14–16

Study cohort assembly
Consistent with the American Diabetes Association 
(ADA) guidelines, Taiwan’s National Health Insurance 
reimbursement guideline suggests the use of SGLT2i as 
intensification therapy after failure of treatment with 
metformin. Because Taiwan has maintained a universal 
mandatory insurance programme covering almost all 
healthcare facilities, and all treatments are largely based 
on the guidelines, there should be no substantial differ-
ence in clinical practice between our study population 
and other Taiwanese patients. Dapagliflozin/empagli-
flozin and canagliflozin have been reimbursed under 
the Taiwan National Health Insurance programme 
since 1 May 2016 and 1 March 2018, respectively, and 
the medication reimbursement criteria are identical 
for all Taiwanese hospitals. We identified a cohort of 
adult outpatients newly initiating SGLT2i treatment for 
the management of type 2 diabetes between 1 January 
2018 and 31 August 2019. We considered the first date of 
prescription for SGLT2i as the index date. We excluded 
patients without CGRD records at least 1 year prior to the 
index date to ensure all selected patients had sufficient 
data for baseline characteristics.
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Eligibility of cardiovascular outcome trials
We used age, sex, International Classification of Diseases, 
Tenth Revision, Clinical Modification (ICD-10-CM) codes 
for the identification of comorbidity and laboratory 
data as the principal determinants in selecting patients 
from the CGRD who would meet the clinical trial inclu-
sion/exclusion criteria. The major inclusion/exclusion 
criteria in the CANVAS program, DECLARE-TIMI 58 
trial, EMPA-REG OUTCOME trial and VERTIS-CV trial 
were derived primarily from the trial design with clarifica-
tion sought from supplementary appendices and primary 
clinical trial result publications where required.2–4 6 17 Of 
note, the EMPA-REG OUTCOME trial and VERTIS-CV 
trial required adult patients with type 2 diabetes to have 
existing CVD history, such as unstable angina, coronary 
artery disease (CAD), stroke and peripheral arterial 
disease (PAD). The DECLARE-TIMI 58 trial and CANVAS 
program recruited patients with type 2 diabetes at broad 
CVD risk according to two categories: 1) existing CVD 
history and 2) CVD risk factors, such as dyslipidemia, 
hypertension and duration of diabetes over 10 years. The 
major exclusion criteria based on the laboratory data 
in these cardiovascular outcome trials included hemo-
globin A1c (HbA1c) (eg, CANVAS program: 7%–10.5%; 
DECLARE-TIMI 58 trial: 6.5%–12%; EMPA-REG 
OUTCOME trial/VERTIS-CV trial: 7%–10%) and esti-
mated glomerular filtration rate (eGFR) values (eg, 
CANVAS program/EMPA-REG OUTCOME trial/
VERTIS-CV trial: <30 mL/min/1.73 m2; DECLARE-TIMI 
58 trial: <60 mL/min/1.73 m2) out of range.

Covariates
We described patients’ characteristics at baseline such 
as age and sex, and other covariates including comorbid 
chronic conditions related to diabetic concerns,18 such 
as macrovascular (eg, CAD, stroke and PAD) and micro-
vascular diseases (eg, retinopathy, nephropathy and 
neuropathy), cancer and other characteristics and we 
have listed them in table 1. We also evaluated the char-
acteristics of healthcare facilities prescribing SGLT2i 
(eg, medical specialties) and baseline antidiabetes drugs 
(ADD) before initiation of SGLT2i, including insulins, 
sulfonylureas, metformin, glinides, pioglitazone, dipep-
tidyl peptidase-4 inhibitors (DPP4i) and glucagon-like 
peptide-1 (GLP-1) receptor agonists. We present the 
details of baseline comorbidities and ADD in online 
supplementary appendix table 1 and 2, respectively.

Additionally, we have included baseline information 
from physical and laboratory examination dating to 
1 year prior to the index date in the analyses, including 
HbA1c levels, renal function (eg, eGFR), body mass 
index (BMI), systolic blood pressure (SBP) and diastolic 
blood pressure (DBP). In general, clinicians would 
confirm patients’ condition before initiation of SGLT2i; 
hence the rates of missing values were low in our analysis 
(eg, only 3.6% for baseline HbA1c values). Nevertheless, 
to manage the missing values, we implemented multiple 

imputations using the Markov chain Monte Carlo method 
and combined 10 simulations.

Validation analyses
As with all studies using hospital-based EMR databases, 
the issues of incomplete medical or medication history 
are of concern. We reviewed all patients’ medical charts 
from one of the hospitals (n=1832) to confirm whether 
SGLT2i were prescribed for type 2 diabetes cases in this 
study and the accuracy of baseline ADD through CGRD. 
Our validation findings indicated that all the patients had 
been diagnosed with type 2 diabetes and 5.3% of patients 
had received other ADD from other healthcare facilities 
that could not be captured by CGRD.

Statistical analysis
We performed descriptive analysis for all characteristics 
using counts and proportions for categorical variables 
and means and standard deviation (SD) for continuous 
variables. We presented the proportion of patients initi-
ating SGLT2i from the CGRD who would be eligible 
for the CANVAS program, DECLARE-TIMI 58 trial, 
EMPA-REG OUTCOME and VERTIS-CV trial. We also 
classified patients based on SGLT2i (canagliflozin, 
dapagliflozin and empagliflozin) to compare their char-
acteristics with corresponding clinical trials, and the base-
line differences of covariates between real-world practice 
and clinical trials were assessed using the absolute stan-
dardized mean difference method.19 All statistical anal-
yses were performed using SAS Enterprise Guide V.5.1 
(SAS Institute, Cary, North Carolina, USA).

Results
Patients eligible for four large cardiovascular outcome trials
We identified a cohort of 12 164 adult patients with 
type 2 diabetes who initiated SGLT2i between 1 January 
2018 and 31 August 2019. We excluded 514 patients 
who lacked baseline medical records in CGRD, and a 
total of 11 650 patients entered the analyses. We found 
5811 (49.9%), 4748 (40.7%) and 1091 (9.4%) patients 
received empagliflozin, dapagliflozin and canagliflozin, 
respectively (figure  1). Based on the inclusion/exclu-
sion criteria of EMPA-REG OUTCOME trial, VERTIS-CV 
trial, DECLARE-TIMI 58 trial and CANVAS program, 
only 18.7%, 19.2%, 50.4% and 57.3% of real-world 
SGLT2i new users in Taiwan were included in these 
trials, respectively (table 1). Within the inclusion/exclu-
sion criteria, the greatest difference between clinical 
trials was seen with regard to CVD definitions, whereby 
72.8%, 73.6% and 34.2% of the real-world patients initi-
ating SGLT2i did not meet the criteria in the EMPA-REG 
OUTCOME trial, VERTIS-CV trial and DECLARE-TIMI 
58 trial, respectively. However, we found that HbA1c out 
of range (7%–10.5%) meant excluding 25.0% of real-
world SGLT2i new users from the CANVAS program 
(table 1).

https://dx.doi.org/10.1136/bmjdrc-2019-000742
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Table 1  Proportion of real-world SGLT2i new users excluded from cardiovascular outcome trials

Real-world data in Taiwan

All Canagliflozin Dapagliflozin Empagliflozin

N (%) N N (%) N (%)

All patients 11 650 (100.0) 1091 (9.4) 4748 (40.8) 5811 (49.9)

Comparison of CANVAS program

Excluded for any of the following: 4977 (42.7) 443 (40.6) ---- ----

a.	 Aged ≥30 years without CVD history (unstable angina, CAD, 
ischemic stroke, heart failure and MI) or

b.	 Aged ≥50 years without dyslipidemia, duration of diabetes 
≥10 years or smoker

2811 (24.1) 240 (22.0) ---- ----

 � HbA1c >10.5% or HbA1c <7% 2917 (25.0) 263 (24.1) ---- ----

 � eGFR <30 mL/min/1.73 m2 166 (1.4) 27 (2.5) ---- ----

Comparison of DECLARE-TIMI 58 trial

Excluded for any of the following: 5773 (49.6) ---- 2270 (47.8) ----

a.	 Aged ≥40 years without CVD history (CAD, ischemic stroke, 
lower extremity amputation and MI) or

b.	 Males aged ≥55 years and females aged ≥60 years without 
hypertension, dyslipidemia or smoker

3979 (34.2) ---- 1740 (36.6) ----

 � HbA1c >12% or HbA1c <6.5% 704 (6.0) ---- 257 (5.4) ----

 � eGFR <60 mL/min/1.73 m2 1544 (13.3) ---- 441 (9.3) ----

Comparison of EMPA-REG OUTCOME trial

Excluded for any of the following: 9466 (81.3) ---- ---- 4611 (79.3)

 � No CVD history (unstable angina, CAD, stroke, lower extremity 
amputation, MI and PAD)

8480 (72.8) ---- ---- 4006 (68.9)

 � HbA1c >10% or HbA1c <7% 3402 (29.2) ---- ---- 1837 (31.6)

 � eGFR <30 mL/min/1.73 m2 166 (1.4) ---- ---- 88 (1.5)

Comparison of VERTIS-CV trial

Excluded for any of the following: 9411 (80.8) ---- ---- ----

 � Aged ≥40 years without CVD history (unstable angina, CAD, 
ischemic stroke, MI and PAD)

8577 (73.6) ---- ---- ----

 � HbA1c >10.5% or HbA1c <7% 2917 (25.0) ---- ---- ----

 � eGFR <30 mL/min/1.73 m2 166 (1.4) ---- ---- ----

 � BMI<18 kg/m2 125 (1.1) ---- ---- ----

BMI, body mass index; CAD, cardiovascular artery disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; 
HbA1c, hemoglobin A1c; MI, myocardial infarction; PAD, peripheral artery disease.

Comparing patient characteristics between real-world 
settings and clinical trials
Compared with the CANVAS program, DECLARE-TIMI 
58 trial and EMPA-REG OUTCOME trial (table 2), the 
real-world SGLT2i new users had poorer HbA1c controls 
(canagliflozin: 8.2%±0.9% vs 8.4%±1.6%; dapagliflozin: 
8.3%±1.2% vs 8.5%±1.6%; empagliflozin: 8.1%±0.9% vs 
8.5%±1.7%).

Comparing patient characteristics between canagliflozin, 
dapagliflozin and empagliflozin
Compared with the CVD-Real Nordic and CVD-Real 2 
studies, we provide more detailed patient-level infor-
mation from EMR databases in real-world settings 
(table  2), for example, we present the prescribing 
patterns from the perspective of laboratory findings 
(eg, HbA1c, eGFR, BMI, SBP and DBP) in patients 

newly initiating SGLT2i. We found the mean values 
of HbA1c (8.4%±1.6%, 8.5%±1.6% and 8.5%±1.7%), 
BMI (28.3±4.4, 28.2±4.0 and 28.0±4.0 kg/m2), SBP 
(140.2±18.5, 140.3±18.5 and 138.8±19.6 mm Hg) and 
DBP (79.1±12.1, 79.5±12.3 and 78.5±12.3 mm Hg) at 
baseline were similar between canagliflozin, dapagli-
flozin and empagliflozin new users, but patients 
receiving canagliflozin (19.6%) and empagliflozin 
(15.3%) had worse renal functions (eg, eGFR <60 mL/
min/1.73 m2) than those receiving dapagliflozin 
(9.3%). Empagliflozin new users had a higher propor-
tion of major CVD (31.1%), compared with cana-
gliflozin (23.5%) and dapagliflozin (23.4%) users. 
Channeling patterns in the receiving of medical care 
and number of baseline ADD in patients with different 
SGLT2i were also identified (table  2), for example, 
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Figure 1  Study flow chart. CGRD, Chang Gung Research 
Database; SGLT2i, sodium glucose co-transporter 2 
inhibitors.

canagliflozin was prescribed more by endocrinologists 
(62.8%), compared with 56.6% for dapagliflozin and 
45.1% empagliflozin. A higher proportion of cana-
gliflozin new users received more than three kinds of 
ADD (46.7%) than dapagliflozin (42.1%) and empagli-
flozin (38.1%) users.

Discussion
Patients with diabetes have an up to 50% increased risk 
of CVD compared with individuals without diabetes, but 
the optimization of glycemic control can reduce the 
long-term incidence of CVD and mortality.20 Although 
the CANVAS program, DECLARE-TIMI 58 trial and 
EMPA-REG OUTCOME demonstrated beneficial cardio-
vascular effects of SGLT2i, the eligibility of patients 
with type 2 diabetes for cardiovascular outcome trials of 
SGLT2i was not equally generalizable into routine clinical 
settings according to the global DISCOVER (DISCOV-
ERing Treatment Reality of Type 2 Diabetes in Real 
World Settings) study.21 However, the DISCOVER study 
only focused on patients with type 2 diabetes initiating a 
second-line glucose-lowering therapy instead of SGLT2i. 
Our study indicated that characteristics of SGLT2i new 
users differed between real-world practice and clin-
ical trials, possibly reflecting the fact that the timing of 
SGLT2i use and baseline CVD risks were not comparable 
to those in clinical trials. The applicability of the findings 
from clinical trials remains questionable.

Existing CVD history provides strong associations 
with an increased risk of recurrent CVD events, for 
example, Hu et al indicated around two-fold increase 
in CVD mortality in patients with diabetes and previous 
myocardial infarction, compared with diabetes 
only.22 This may highlight the importance of sepa-
rating the roles of medications for primary preven-
tion for those without a CVD history, and secondary 

prevention of re-occurrence of CVD events. Similar 
to other studies,8 21 23 24 we considered the EMPA-REG 
OUTCOME trial and VERTIS-CV trial results only 
applicable to a small proportion of patients with type 
2 diabetes with CVD history (26.4%–27.2%) before 
receiving SGLT2i in our cohort.

Although the CANVAS program and DECLARE-TIMI 
58 trials enrolled patients with type 2 diabetes with varying 
CVD risks, such as prevalent CVD or non-prevalent CVD 
with at least one major risk factor (eg, dyslipidemia), 
only 75.9% of canagliflozin and 65.8% of dapagliflozin 
new users met their inclusion criteria of CVD risk for the 
corresponding clinical trials. In addition, adherence to 
SGLT2i might differ between clinical trials and real-world 
practice, which may contribute to contrasting results.25 
For example, medication adherence can be confounded 
by selection bias, where patients with more severe diseases 
(eg, established CVD) tend to be more adherent to medi-
cation, perhaps due to a perception of greater need.26 
Therefore, patients with established CVD may have 
better awareness of disease controls with optimal treat-
ment outcomes.27 28 Based on our evaluations, we suggest 
that the findings from current CV outcome trials may not 
apply to real-world patients, especially in patients with 
lower CVD risk.

Patients with poor blood sugar controls at baseline 
were prone to not obtaining the CVD benefits after use 
of SGLT2i. For example, subgroup analysis from the 
EMPA-REG OUTCOME trial found attenuating effects 
of empagliflozin in composite major adverse cardiovas-
cular event end points when patients had higher HbA1c 
at baseline (HR <8.5%: 0.76; 95% CI 0.64 to 0.90; ≥8.5%: 
1.14; 95% CI 0.86 to 1.50; p value for interaction=0.01). 
The effects of sustained hyperglycemia were often irre-
versible and promoted atherosclerosis,29 which may 
negate the CVD benefits from SGLT2i. We indicated that 
mean HbA1c was higher in real-world patients (canagli-
flozin: 8.4%; dapagliflozin: 8.5%; empagliflozin: 8.5%) 
than in either the CANVAS program (8.2%), DECLARE-
TIMI 58 trial (8.3%) or EMPA-REG OUTCOME trial 
(8.1%). Our findings show the importance of re-evalu-
ating CVD outcomes in patients with higher baseline 
HbA1c levels due to the potentially lower effectiveness of 
CVD outcomes from SGLT2i.

The relationship between HbA1c and CVD risk was 
U-shaped, with greater risk at both higher and lower 
HbA1c levels. Nichols et al indicated an 18%, 68% and 
98% increased risk of CVD hospitalization with mean 
HbA1c of 6.0%–6.4%, <6.0% and >9.0%, respectively.30 
In our cohort of SGLT2i new users, 25.0% had been 
excluded from CANVAS program due to baseline HbA1c 
levels outside the range of 7%–10.5%. Although SGLT2i 
could reduce the cardiovascular event and death risks in 
patients with type 2 diabetes with established atheroscle-
rotic CVD, we should fill in the evidence gap by defining 
whether similar CVD benefits are to be found in patients 
with bidirectional HbA1c levels when adding SGLT2i into 
their treatment.
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The CVD-Real Nordic and CVD-Real 2 studies assessed 
real-world data from 22 830 and 235 064 patients with 
type 2 diabetes, respectively, across different countries, 
and over 70% had no history of CVD. These studies 
showed SGLT2i significantly associated with a reduc-
tion in overall mortality from CVD by 47% and from any 
causes by 49%, respectively, compared with other treat-
ment approaches.9 10 However, bias by drug indication 
between SGLT2i and other ADD cannot be excluded in 
these real-world studies due to the lack of clinical chem-
istry data, such as blood sugar levels and renal function 
data.12 20 In our analyses, we found SGLT2i new users 
had higher HbA1c levels (8.5%±1.7%), compared with 
other patients with type 2 diabetes receiving other ADD 
in Taiwan (7.7%±1.5%).31

Patients’ renal functions were important predictors for 
future CVD events in patients with type 2 diabetes,32 but 
the failure to adjust for renal functions may threaten the 
result validity of the CVD-Real Nordic and CVD-Real 2 
studies.32 We found only 4.3% of SGLT2i new users with 
eGFR <45 mL/min/1.73 m2, since severe renal impairment 
is a contraindication for SGLT2i.33 Given that other ADD 
(eg, sulfonylurea, DPP4i and thiazolidinediones) could 
be used in patients with type 2 diabetes with severe renal 
impairment by adjusting dose, we considered the baseline 
eGFR may be higher in patients newly initiating SGLT2i 
than in other second-line ADD because of selection bias. 
Due to potential imbalances such as between laboratory 
findings of SGLT2i and other ADD new users, we still need 
further real-world studies that adjust for these confounders 
to estimate the true CVD effects of SGLT2i.

Although the CVD benefits of SGLT2i were proven by 
the CVD-REAL Nordic and CVD-REAL 2 studies with 
dapagliflozin constituting the most exposure time, indi-
vidual SGLT2i drugs may possess unique features which 
contribute to different effectiveness and safety profiles. For 
example, canagliflozin has been reported with a two-fold 
increase in risk for lower-leg amputation, but this is not well 
documented with the other SGLT2i.34 We first confirmed 
the channeling uses of different SGLT2i in real-world 
settings, whereby the clinical indication for selecting a 
specific SGLT2i also potentially affected the CVD outcome.

Greenfield et al found better quality of diabetes care 
provided by endocrinologists than other specialties, 
including measurements and outcomes of metabolic 
indicators.35 We found 62.8% of canagliflozin new users 
were prescribed by endocrinologists, compared with 
56.6% for dapagliflozin and 45.1% for empagliflozin; 
hence, treatment benefits may be overestimated in cana-
gliflozin due to better clinical care of type 2 diabetes. 
Although SGLT2i was not associated with additional risk 
of hypoglycemia during monotherapy or dual therapy 
with metformin, it was found to increase odds of hypogly-
cemia over placebo in clinical trials during triple therapy 
with the combination of metformin and sulfonylurea 
(OR 2.33; 95% CI 1.52 to 3.55).36 Severe hypoglycemia 
was strongly associated with a higher risk of CVD inci-
dence (HR 1.64; 95% CI 1.15 to 2.34) and mortality (HR 

1.64, 95% CI 1.15 to 2.34).37 Compared with dapagliflozin 
and empagliflozin, a higher proportion of real-world 
canagliflozin new users used at least three kinds of ADD 
in combination as background therapy (46.7%), espe-
cially in combination with sulfonylurea (48.9%). Those 
with lower eGFR were at high risk of developing CVD, 
independent of albuminuria and metabolic control, for 
example, So et al found a 5% and three-fold risk increase 
of CVD in Chinese patients with type 2 diabetes with 
eGFR of 30–59 and 15–29 mL/min/1.73 m2, respectively, 
compared with eGFR ≥90 mL/min/1.73 m2.38 In our 
cohort, clinical physicians preferred to prescribe cana-
gliflozin (19.6%) or empagliflozin (15.3%) to patients 
with type 2 diabetes with worse renal functions (eg, eGFR 
<60 mL/min/1.73 m2), compared with dapagliflozin 
(9.3%), which may lead to an imbalance in CVD risk at 
baseline among SGLT2i.

To discover real-world CVD benefits and risks both in 
the individual SGLT2i and whole SGLT2i class, we need 
further studies that consider these confounders (eg, 
medical specialties, background ADD therapy and renal 
functions) in the analyses to address the built-in hetero-
geneity of the SGLT2i class that may provide more valid 
results to better inform real-world clinical decisions.

The major strength of this study is direct comparison 
of baseline characteristics among different SGLT2i new 
users from the largest multi-institutional cohort of outpa-
tients with type 2 diabetes in Taiwan, which allowed us to 
explore the discrepancies between current evidence and 
real-world data. The limitation is the potentially missing 
data on inclusion/exclusion criteria from the EMPA-REG 
OUTCOME trial, VERTIS-CV trial, DECLARE-TIMI 58 trial 
and CANVAS program in our EMR records.39 A number 
of patients may have a condition of interest without docu-
mentation in our database, such as current tobacco use 
with at least five cigarettes/day. Second, we also lack the 
information on ‘initial onset’ of comorbidity because we 
only screened the 1-year baseline period prior to the first 
use of SGLT2i. However, most major inclusion/exclusion 
criteria have been included in our study, so this effect may 
be limited. Third, we did not directly compare patient char-
acteristics associated with ertugliflozin between real-world 
practice in Taiwan and the VERTIS-CV trial, because ertug-
liflozin was not available in study hospitals during our study 
period. We conducted post hoc comparisons of patient 
characteristics with all SGLT2i new users in Taiwan versus 
participants in the VERTIS-CV trial, and found suboptimal 
data representativeness of the VERTIS-CV trial (online 
supplementary appendix table 3). Fourth, the study only 
included SGLT2i trials for cardiovascular outcomes. Other 
trials of SGLT2i such as the Ccanagliflozin and Renal Events 
in Diabetes with Established Nephropathy Clinical Evalu-
ation were not evaluated in this study. Fifth, one notable 
difference between the data source used in this study and 
the patient populations of the RCT studied is that the RCT 
enrolled patients from a heterogeneous racial/ethnic 
background whereas this study was restricted to Taiwanese 
patients. Finally, we did not include clinical end point in 

https://dx.doi.org/10.1136/bmjdrc-2019-000742
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the analysis so no inference can be made on the effect to 
clinical outcome in the study. Future study to ensure the 
impact on clinical outcome resulted from different base-
line characteristics of patients could be considered.

Conclusion
There is emerging evidence about the CVD benefits of 
SGLT2i from clinical trials and observational studies, 
but we have indicated that the generalizability of 
current evidence to real-world patients is suboptimal. 
More studies are needed to delineate similar cardiovas-
cular effects of SGLT2i in patients with type 2 diabetes 
with lower CVD risks but poor blood sugar controls at 
baseline. In addition, we should consider more factors 
related to patient characteristics between the SGLT2i and 
other ADD to generate more accurate comparative CVD 
benefits. Specifically, researchers should note the chan-
neling uses within SGLT2i and adjust these confounders 
to confirm real-world class effects in regard to cardiovas-
cular event protection.
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