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Abstract

Aims: This study compares the cardiovascular risks between users and non-users of SGLT2
inhibitors based on electronic medical record data from a large integrated delivery health system in
South Louisiana.

Materials and methods: Demographic, anthropometric, laboratory and medication prescription
information for patients with type 2 diabetes who were new users of SGLT2 inhibitors either as
initial treatments or as add-on treatments were obtained from electronic health records. Mediation
analysis was performed in demonstrating the association of use of SGLT2 inhibitors and changes
of metabolic risk factors with the risk of incident ischemic heart disease.
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Results: A total of 5,338 new users of SGLT2 inhibitors were matched with 13,821 non-users.
During a mean follow up of 3.26 years, 2,302 incident cases of ischemic heart disease were
defined. After adjusting for multiple confounding factors, patients using SGLT2 inhibitors had a
lower risk of incident ischemic heart disease compared to patients not using SGLT2 inhibitors
(hazard ratio [HR] 0.63; 95% confidence interval [CI] 0.54-0.73). Patients using SGLT2 inhibitors
also had a lower risk of incident ischemic heart disease within 6 months (HR 0.36; 95% CI 0.25-
0.44), 12 months (HR 0.40; 95% C10.32-0.49), 24 months (HR 0.53; 95% CI 0.43-0.60) and 36
months (HR 0.65; 95% CI 0.54-0.73), respectively. Reductions in systolic blood pressure partly
mediated lowering risk of ischemic heart diseases among patients using SGLT2 inhibitors.

Conclusions: Evidence from real world data indicated the contribution of SGLT2 inhibitors to
reducing risk of ischemic heart disease, as well as the benefits beyond glucose-lowering.

Introduction

Diabetes has imposed huge social and healthcare burdens worldwide, of which type 2
diabetes has accounted for the majority.! Diabetes is associated with a significantly high risk
of cardiovascular diseases.? Lowering the risk of cardiovascular diseases is a big challenge.
While metformin is usually the first-line therapy for patients with type 2 diabetes,34
researchers have long been studying the cardiovascular benefits of several second-line
glucose lowering drugs including dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like
peptide 1 (GLP-1) receptor agonists and sodium-glucose cotransporter-2 (SGLT-2) inhibitors
after the US Food Drug Administration (FDA)® and the European Medicines Agency®
mandated cardiovascular outcomes trial (CVOT) for newer antidiabetic agents in 2008 and
2012, respectively. However, none of the DPP4 inhibitors have demonstrated superiority on
cardiovascular outcomes in several large-scale trials such as SAVOR-TIMI” and EXAMINE.
8 GLP-1 receptor agonists in LEADER? and SUSTAIN-6,10 and SGLT2 inhibitors in
EMPA-REG!! and CANVAS2 showed superiority on major adverse cardiovascular events
driven by a reduction in CV mortality, while DECLARE-TIMI3 demonstrated a lower risk
in cardiovascular mortality and hospitalization for heart failure. Based on these results,
patients with poor glycemic control (hemoglobin Alc over 7.5%) with metformin
monotherapy are recommended to use GLP-1 receptor agonists or SGLT2 inhibitors as the
first choice of add-on therapies.14

Evidence from clinical trials is robust. However, these trials may be limited to the
generalization due to the inclusion criteria of their subjects rather than a real world
population. Large-scale, well-designed studies of comparative effectiveness on
cardiovascular outcomes for second-line glucose lowering drugs under real world settings
are of great importance and interests. As the latest new class of glucose lowering drugs,
SGLT2 inhibitors have garnered much attention. SGLT2 inhibitors can reduce body weight
by 1-5 kg, reduce HbA1c levels by approximately 0.5-1.0% and also have a significant
effect on blood pressure during 16-52 weeks of the treatment period.15-17 It is important to
perform a study with a sufficient sample size, a long follow-up, and study samples at low to
moderate risk of cardiovascular diseases to investigate the comparative effectiveness of
SGLT2 inhibitors. The best way to conduct it would be using high-quality observational
data. Furthermore, no real world studies have previously investigated the changes in clinical
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characteristics and the potential mechanisms underlying the findings. Therefore, in this
study we compared the cardiovascular risks between users and non-users of SGLT2
inhibitors based on electronic medical record data from one large healthcare system in South
Louisiana and investigate the potential mechanisms behind the cardiovascular benefits.

Materials and methods

Study participants

Data on patients with type 2 diabetes in the Louisiana Experiment Assessing Diabetes
outcomes (LEAD) cohort study were obtained through the Research Action for Health
Network (REACHnet), which has been described previously.1819 The dataset included
electronic health record data for the study cohort between January 1, 2013 and March 31,
2019. For the present study, data from one REACHnet partner health system (Ochsner
Health System) were included in the analysis.

The definition of type 2 diabetes in the present study was formulated according to the
SUPREME-DMZ20 criteria as follows: a) 1 or more of the International Classification of
Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes and Tenth Revision,
Clinical Madification (ICD-10-CM) codes for type 2 diabetes associated with in-patient
encounters; b) 2 or more ICD codes associated with out-patient encounters on different days
within 2 years; ¢) combination of 2 or more of the following associated with out-patient
encounters on different days within 2 years: 1) ICD codes associated with out-patient
encounters; 2) fasting glucose level = 126 mg/dl; 3) 2-hour glucose level =200 mg/dl; 4)
random glucose = 200 mg/dl; 5) HbAlc = 6.5%; and 6) prescription for an antidiabetic
medication. A total of 93,034 patients between the ages of 30 and 94 years were identified.
After the exclusion of patients with a past history of ischemic heart disease prior to the entry
of the baseline date (confirmed with ICD-9-CM codes 410-414.9, 429.2 and ICD-10-CM
codes 120-125.9) and those with incomplete data, the present study included 62,111 patients
with type 2 diabetes (38,162 whites and 23,949 African Americans). Compared with patients
with type 2 diabetes excluded from the present study, the patients included had similar ages
(66.4+11.8 versus 66.3+12.0 years of age) with more African Americans (42.1% versus
36.0%) and slightly fewer men (46.5% versus 48.4%). The study and the analysis plan were
approved by the Institutional Review Boards (Research Ethics Committee) of the
Pennington Biomedical Research Center (2016—-064-PBRC), Tulane University (906810),
and Ochsner Health System (Ochsner acknowledged Tulane’s approval). We did not obtain
informed consent from participants involved in our study because we used anonymized data
compiled from electronic medical records.

Baseline measurements

The National Patient-Centered Clinical Research Network (PCORnet) common data model
is a specification that defines a standard organization and representation of data for the
PCORnet distributed research network.2! Patients’ data extracted from this common data
model for the present study included date of birth, date of first diagnosis with diabetes, race,
ethnicity, sex, encounter dates, weight, height, insurance type, body mass index (BMlI),
blood pressure, tobacco use, diagnoses of various diseases and dates of diagnoses, laboratory
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test dates, total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-c), low-
density lipoprotein cholesterol (LDL-c), glycosylated hemoglobin (HbA1c), serum
creatinine, urine albumin to creatinine ratio (ACR) and medication prescriptions including
antihypertensive drugs, glucose-lowering drugs, lipid-lowering drugs, antiplatelet drugs and
anticoagulant drugs. For patients using SGLT2 inhibitors, the index rate is defined as the
date of the first use of an SGLT2 inhibitor because SGLT?2 inhibitors were commercially
available since 2013 in the United States. Patients in the matched non-SGLT2 users group
were not drug-naive at baseline. However, as SGLT2 inhibitors were approved as second line
therapies for patients with type 2 diabetes, they always appeared as an add-on therapy for
these patients in the dataset. For patients in the matched non-SGLT2 users group (using
other glucose-lowering drugs), the index date is the closest date of use of other glucose-
lowering drugs in order to match the first use date of patients with an SGLT2 inhibitor.
Baseline characteristics of the patients within three months after the index date of the first/
chosen glucose-lowering drug are extracted from the PCORnet common data model. These
data elements were collected starting from the baseline. Using smoking status reported at
each clinical visit, we classified the patients into 3 groups: current smokers, ever smokers,
and never smokers. The estimated glomerular filtration rate (eGFR) was estimated using the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.2?

Propensity score matching

Patients included in this study should have been using REACHnet for no less than 1 year and
they should also attend regular check-ups or refill any prescriptions within one year before
the end of study. Before the propensity score matching, patients with type 2 diabetes with
initial or add on therapies of any SGLT2 inhibitors (canagliflozin, dapagliflozin, and
empagliflozin) were first extracted. Nearest neighbor matching was used as the matching
algorithm. Caliper was set at 0.001 level. A propensity score was thus generated by a logistic
regression model. Covariates for matching included age, race, sex, baseline levels of BMI,
systolic blood pressure, HbAlc, LDL-c, HDL-c, triglycerides, eGFR, urine ACR, smoking,
insurance type, anti-hypertensive medications, lipid-lowering medications, antiplatelet and
anticoagulant medications. Based on the propensity score, patients on other glucose
lowering drugs were matched in a 3:1 ratio with patients using SGLT2 inhibitors. Finally,
5338 users of SGLT2 inhibitors were matched with 13,821 non-users, composing a total of
19,159 patients. The baseline characteristics were well matched except for baseline HbAlc
levels and baseline triglyceride levels (Table 1). Patients on SGLT2 inhibitors had higher
baseline HbAlc levels and triglyceride levels than patients with other glucose lowering
drugs. In addition, more non-users of SGLT2 inhibitors used antiplatelet and anticoagulant
drugs than users. The prevalence of stroke, peripheral vascular disease, diabetic retinopathy
and macroalbuminuria was a bit higher in users of SGLT2 inhibitors than that in non-users.

Prospective follow-up

We created the follow-up database in electronic form by using the number assigned to each
patient who visited the health system with a unique patient identifier. This analysis followed
an on-treatment principle and we also assumed that all the patients followed intention-to-
treat. The duration of follow-up for each cohort member (person-years) was tabulated from
the first date when a documented prescription with SGLT2 inhibitors or other glucose-
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lowering drugs occurred to the index date of discontinuation of the index drug (defined as 6
months after the last refilled prescription), the date of diagnosis of the outcome, death of
inpatients or March 31, 2019. The range of follow-up was from 0.27 to 6.24 years.
Encounter types including ambulatory visits were considered as outpatient encounters, while
encounter types including inpatient, emergency department, emergency admission to
inpatient, institutional stay, observation stay and institutional consult were considered as
either inpatient or emergency encounters.

Ischemic heart disease was defined as the primary outcome in the present comparative
effectiveness analysis. ICD-9-CM and ICD-10-CM codes were used to identify the ischemic
heart diseases events (ICD-9-CM codes 410-414.9, 429.2; ICD-10-CM codes 120-125.9).
The distributions of all ICD-9 and ICD-10 codes were: 410 (3.9%), 411 (2.0%), 412 (4.4%),
413 (2.8%), 414 (59.2%), 429.2 (1.2%), 120 (1.5%), 121 (2.9%), 122 (0.1%), 123 (0.1%), 124
(1.0%), 125 (20.9%). Other diagnosis codes included stroke (ICD-9-CM codes 430-436;
ICD-10-CM codes 160-166), peripheral vascular disease (ICD-9-CM codes 440.2-440.4 and
443; ICD-10-CM codes 170.2-170.4 and 173), diabetic retinopathy (ICD-9-CM codes 250.5,
362.0; ICD-10-CM codes E11.3) and diabetic nephropathy (ICD-9-CM codes 250.4;
ICD-10-CM codes E11.2). These diagnoses were recorded in the course of routine patient
care by the patients’ treating clinicians. For safety analysis, hospitalization due to severe
hypoglycemia was the outcome. We also used ICD-9-CM and ICD-10-CM to identify severe
adverse events including hospitalizations due to severe hypoglycemia (ICD-9-CM codes
250.1, 251.1 and 251.2; ICD-10-CM codes E16.1 and E16.2), diabetic ketoacidosis (ICD-9-
CM codes 250.10, 250.12 and ICD-10-CM codes E11.1) and acute kidney failure (ICD-9-
CM codes 584.x and ICD-10-CM codes N17.x) in inpatient or emergency encounters.

Statistical analyses

All the analyses were performed following an on-treatment and intention-to-treat principle.
The updated mean value of each anthropometric or lab measurement was calculated for each
participant from baseline to each year of follow-up. For example, after 1 year, the updated
mean was the average of the baseline and 1-year values, and after 3 years it was the average
of baseline, 1-, 2-, and 3-year values. In the case of an event occurring during follow-up, the
period for estimating the updated mean value was from baseline to the year before the event
occurred. Cox proportional hazards regression was used to estimate hazard ratios (HRs) for
ischemic heart diseases within different follow-up periods (full follow-up, and <6, <12, <24,
and <36 months) among patients using SGLT2 inhibitors compared to patients not using
SGLT2 inhibitors (reference group). All analyses were adjusted for age, race, sex, body mass
index, systolic blood pressure, HbAlc, LDL-c, HDL-c, triglycerides, estimated GFR, urine
ACR, smoking, insurance type, hypoglycemia events, a-glucosidase inhibitors, meglitinides,
thiazolidinediones, anti-hypertensive medications, lipid-lowering medications, antiplatelet,
anticoagulant medications, history of stroke, peripheral vascular disease, diabetic
retinopathy and diabetic nephropathy.

Per standard deviation (SD) changes of major ischemic heart diseases risk factors within 12
months, 24 months and 36 months including BMI, systolic blood pressure, HbAlc,
triglyceride, LDL-c to HDL-c ratio and eGFR were calculated as the follow up values minus
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baseline values and then divided by the SD of the baseline values. The contributions of per
SD changes of major ischemic heart diseases risk factors with the risk of ischemic heart
diseases were also assessed by Cox models. Model 1 adjusted for age, race, sex, body mass
index, systolic blood pressure, HbAlc, LDL-c to HDL-c ratio, triglycerides, estimated GFR,
urine ACR, smoking, insurance type, hypoglycemia events, a-glucosidase inhibitors,
meglitinides, thiazolidinediones, anti-hypertensive medications, lipid-lowering medications,
antiplatelet, anticoagulant medications, history of stroke, peripheral vascular disease,
diabetic retinopathy and diabetic nephropathy, other than the variable for analysis. Model 2
adjusted for variables in Model 1 plus baseline levels of body mass index, systolic blood
pressure, hemoglobin Alc, triglyceride, LDL-c to HDL-c ratio, and estimated GFR.

Mediation analysis was used to quantify the contribution of one certain factor (independent
variable) to the outcome adjusting for all confounding factors according to Baron and
Kenny’s steps for mediation, which was first described in 1986.2% In step 1, we regressed the
outcome on the independent variable to confirm that the independent variable was a
significant predictor of the outcome. In step 2, we regressed the mediator on the independent
variable to confirm that the independent variable was a significant predictor of the mediator.
In step 3, we regressed the outcome on both the mediator and the independent variable to
confirm that the mediator was a significant predictor of the outcome and the previously
significant exposure in the first step was greatly reduced. Three p coefficients of the
independent variable were thus generated and named 1, B2 and B3. The mediated
proportion was calculated as (1 - B3) / B1.-

Three sensitivity analyses were performed. In sensitivity analysis 1, we included patients
with prior metformin monotherapy for at least 3 months as well as with suboptimal glycemic
control (recommended by American Diabetes Association as two HbAlc measurements
between 7% and 9% within a 6-month period after the initial 3-month period or a single
HbA1c measurement between 9% and 11% after the initial 3-month period). In sensitivity
analysis 2, patients with hypertension or on anti-hypertensive medications were all excluded.
In sensitivity analysis 3, patients with glucagon-like peptide-1 agonists were all excluded.

Statistical significance was considered to be P <0.05. All statistical analyses were performed
by using IBM SPSS Statistics for Windows, version 24.0 (IBM Corp., Armonk, N.Y., USA).
Propensity score matching was performed by using R statistical software version 3.2.0.

During a follow up of 62,559 person years, a total of 2,302 incident ischemic heart diseases
events were recorded. The incidence rate of ischemic heart diseases was calculated as 3.68
events per 100 person-year. Users of SGLT2 inhibitors compared with non-users showed a
significantly lower risk of ischemic heart diseases (multivariable-adjusted hazard ratio [HR]
0.63, 95% confidence interval [CI] 0.54 to 0.73) (Table 2). The multivariable-adjusted HRs
of ischemic heart diseases within 6 months, 12 months, 24 months and 36 months among
users of SGLT2 inhibitors compared with non-users were 0.36 (95% CI 0.25 to 0.44), 0.40
(95% CI 0.32 to 0.49), 0.53 (95% CI 0.43 to 0.60), and 0.65 (95% CI 0.54 t0 0.73),
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respectively (Table 2), showing that patients with SGLT2 inhibitors would have the lowest
risk of ischemic heart diseases within 6 months after starting the therapy.

In order to confirm our findings, we performed several sensitivity analysis. For sensitivity
analysis 1 (Supplementary Table S1), we only included patients with the prior metformin
monotherapy for at least 3 months and patients with suboptimal glycemic control. Patients
with an add-on therapy of SGLT2 inhibitors were matched in a 1:3 ratio with patients with
an add-on therapy of other glucose lowering drugs. The total number of patients reduced to
1922 users of SGLT2 inhibitors matched with 5722 non-users. Similar results were found for
all follow- up periods (multivariable-adjusted HR for full follow-up period 0.62 (95% CI
0.51-0.74); HR within 6 months 0.35 (95% CI 0.22-0.48); HR within 12 months 0.40 (95%
Cl 0.29-0.55); HR within 24 months 0.54 (95% CI 0.35-0.70); HR within 36 months 0.65
(95% C1 0.50-0.79)). For sensitivity analysis 2 (supplementary table S5), patients with
hypertension or on anti-hypertensive medications were all excluded. Similar results were
also found. For sensitivity analysis 3 (supplementary table S6), we excluded patients with
glucagon-like peptide-1 agonists. Users of SGLT2 inhibitors still had a lower risk of
ischemic heart diseases than non-users.

Further subgroup analyses also confirmed the findings among patients of different ages,
races, sexes, BMI, HbAlc, eGFR, never and past or current smokers, and patients using lipid
lowering, anti-hypertensive medications as well as antiplatelet or anticoagulant agents or not
using (supplementary table S4). There were interactions among patients with different ages,
sexes, eGFR subgroups, as well as using antiplatelet or anticoagulant drugs or not using.

Figure 1 shows the levels of major cardiovascular risk factors during the follow up. Users of
SGLT2 inhibitors had significantly lower levels of blood pressure, BMI and LDL-c to HDL-
c ratio and higher levels of eGFR at 6 months, 12 months, 24 months and 36 months
compared with non-users (all P <0.05). We also compared the changes of these metabolic
risk factors during the follow up (Figure 2). Users of SGLT2 inhibitors had much more
reduction on HbA1c, blood pressure, BMI and triglyceride, while they had less reduction on
LDL-c to HDL-c ratio (all P <0.05) compared with non-users. The change of eGFR at 36
months was also higher in users of SGLT2 inhibitors than that of non-users.

To investigate the contribution of per SD changes in major ischemic heart diseases risk
factors including BMI, systolic blood pressure, HbAlc, triglyceride, LDL-c to HDL-c ratio
and eGFR, we calculated the changes within different follow-up periods and then
incorporated them into the Cox models (Table 3). For per SD change within 12 months,
none of the risk factors showed a significant association with the risk of ischemic heart
diseases. However, after additional adjustment for baseline levels, per SD change of systolic
blood pressure was significantly associated with the risk of ischemic heart diseases in
patients with SGLT2 inhibitors (HR 1.01, 95% CI 1.01-1.02). When per SD change within
24 months was considered, per SD change of LDL-c to HDL-c ratio further became
significant in patients with other glucose lowering drugs after adjustments of baseline levels
(HR 1.04, 95% CI 1.02-1.11), while only systolic blood pressure remained significant in
users of SGLT2 inhibitors. Finally, when we analyzed the contribution of per SD change
within 36 months, per SD increase of HbAlc (HR 1.17, 95CI 1.05-1.30), LDL-c to HDL-c
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ratio (HR 1.13, 95% 1.08-1.19 ) and per SD reduction of eGFR (HR 0.90, 95% CI 0.82—
0.99) were significantly associated with the risk of ischemic heart diseases in non-users of
SGLT?2 inhibitors, while in users of SGLT2 inhibitors, per SD change of systolic blood
pressure were the only independent contributor to ischemic heart diseases risk (HR 1.03,
95% CI 1.01-1.04). Remarkably, the contribution of per SD change of systolic blood
pressure was found to be unique between users of SGLT2 inhibitors and non-users with a P
for interaction <0.01.

Finally, mediation analysis was used to quantify the contribution of per SD change of
systolic blood pressure to the risk of ischemic heart diseases (Figure S1). The B, of use of
SGLT?2 inhibitors for the risk of ischemic heart diseases was —0.56 (P<0.001) without per
SD change of systolic blood pressure in the model. The B, of use of SGLT2 inhibitors for
per SD change of systolic blood pressure was 0.11 (P<0.001). The B3 of use of SGLT2
inhibitors for per SD change of systolic blood pressure was —0.49 (P<0.001) after
controlling for per SD change of systolic blood pressure. The mediated proportion was
11.3% accordingly.

Discussion

In this analysis using data from a real world healthcare delivery system, we demonstrated a
significantly lower risk of ischemic heart diseases among patients with type 2 diabetes using
SGLT2 inhibitors compared to those not using SGLT2 inhibitors. Patients with type 2
diabetes using SGLT2 inhibitors could have significant reductions in HbAlc as 0.2%,
systolic blood pressure as 1.0 mmHg, BMI as 0.5 kg/m?, and triglyceride as 9.5 mg/dl
compared to those not using SGLT2 inhibitors during the first 6 months of the treatment,
while the reduction of diastolic blood pressure seemed to be stable. Furthermore, the
mediation analysis indicated that use of SGLT2 inhibitors was shown to reduce the
development of ischemic heart diseases partly through a reduction of systolic blood
pressure.

The benefits of SGLT2 inhibitors on major adverse cardiovascular events and cardiovascular
mortality among patients with type 2 diabetes have already been demonstrated in
randomized clinical trials.11~13 However, comparisons to placebos were used in all these
trials, which could not address the comparative effectiveness and safety relative to other
glucose lowering drugs. In this case, observational datasets from the real world healthcare
are important in addressing these questions. Several large-scale national or multinational real
world studies from Europe?4-26 and Asia2”-28 have shown that use of SGLT2 inhibitors was
associated with reduced risk of cardiovascular disease and cardiovascular mortality
compared with use of other glucose lowering drugs in patients with type 2 diabetes,
however, these studies did not assess the major reasons for these benefits. Very few real
world studies from the United States?%-31 have investigated the comparative effectiveness of
SGLT2 inhibitors on outcomes including heart failure and lower limb amputation, and
several other studies only investigated the effectiveness of canagliflozin on short term
outcomes.32-3% To our knowledge, this is the first real world study that has investigated the
comparative effectiveness of SGLT2 inhibitors on ischemic heart diseases risk between users
and non-users in the United States. Our findings are consistent with the results from clinical
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trials in patients with type 2 diabetes. In addition, a mediation effect of reduction of systolic
blood pressure between use of SGLT2 inhibitors and the low risk of ischemic heart diseases
was also confirmed in our analysis. Per SD reduction of systolic blood pressure could
account for a 12.6% reduction of ischemic heart diseases risk. Our findings were also
consistent with the recommendations newly updated by European Society of Cardiology
(ESC) in collaboration with European Association for the Study of Diabetes (EASD) that
SGLT2 inhibitors are recommended in patients with type 2 diabetes and cardiovascular
disease, or at very high or high cardiovascular risk.38

In our subgroup analysis, compared to patients with other glucose lowering drugs, we found
a consistent lower risk of ischemic heart diseases in patients with SGLT2 inhibitors at
different ages, races, sexes, BMI, HbAlc, eGFR, never and past or current smokers, and
patients using lipid lowering, anti-hypertensive medications as well as antiplatelet or
anticoagulant agents or not using. These findings indicated that patients on SGLT2 inhibitors
have a lower risk of ischemic heart diseases independent of the factors for stratification. We
also examined sex and race differences in comparative effectiveness, which none of the
studies from Europe and Asia investigated. A significant interaction between sexes was
noticed while there was no interaction between whites and African Americans. Men could
obtain more benefits from SGLT2 inhibitors than women. Older patients with poorer renal
function at baseline could obtain more benefits from SGLT2 inhibitors than younger
patients, while use of antiplatelet or anticoagulant drugs would slightly compromise the
effectiveness of SGLT2 inhibitors.

The mechanism underlying the cardiovascular benefits of SGLT2 inhibitors has drawn much
attention. However, little is known about potential mechanisms from clinical trials. Our
findings support the hypothesis of the insulin-independent glucose lowering effect of SGLT?2
inhibitors through increased urinary excretion of glucose.3” SGLT2 inhibitors can also
increase fractional excretion of sodium, thus causing a modest diuretic effect.38 This is why
a significant reduction of blood pressure was found in patients with SGLT2 inhibitors. This
effect beyond glucose lowering actually contributed to the relatively low risk of ischemic
heart diseases. Animal models also showed that SGLT2 inhibitors can improve oxidative
stress and endothelial function.3® SGLT2 inhibitors also have a great impact on the
neurohormonal modulation and regulation of inflammation.37 All these contributions
together may finally help improve the outcomes in patients using SGLT2 inhibitors.

A major strength of this study is the mediation analysis that is usually presented in clinical
trials. The adherence to the follow up visits of patients in one healthcare system in our
analysis allowed us to look into the changes in clinical characteristics and study the potential
mechanisms underlying our findings. The relatively rich clinical data and numerous events
also make the results robust. The data we used were derived from administrative databases,
avoiding the problem of differential recall bias. Data in this study were extracted from one
partner of REACHnet, which minimizes the influence of low accessibility of health care.
There are also several limitations in this study. First, the sample size of patients with SGLT2
inhibitors was relatively small compared to the sample size of other real world studies.
Meanwhile, patients from Louisiana cannot fully represent the population in the United
States as the proportion of African Americans is a bit higher than that in other states.
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Second, the propensity score matching was suboptimal on some covariates. In our opinion, it
is reasonable in clinical practice that patients with an initial or add-on therapy of SGLT2
inhibitors may have poorer glycemic control and more comorbidities than other patients. In
addition, some socioeconomic variables were missing in the EMR data including education
level, family income, etc. A dose-response effect of SGLT2 inhibitors on risk of ischemic
heart diseases was not analyzed. The incidence rates of ischemic heart diseases were high,
thus we were unable to perform a chart review to validate all ischemic heart disease events
that occurred. Finally, our analyses adjusted for some confounding factors, however,
unmeasured factors such as duration of diabetes, family history of diabetes, other related
chronic diseases, dietary factors and physical activity could not be evaluated.

In conclusion, we demonstrated a significantly lower risk of ischemic heart diseases
associated with the use of SGLT2 inhibitors compared to no use of SGLT2 inhibitors among
patients with type 2 diabetes in one real world study. Use of SGLT2 inhibitors was also
significantly associated with reductions of several metabolic risk factors. The contribution of
reductions of systolic blood pressure beyond glucose lowering could partly explain the
benefits to the risk of ischemic heart diseases from SGLT2 inhibitors.
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Refer to Web version on PubMed Central for supplementary material.
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Baseline characteristics among patients with type 2 diabetes using different drugs

Table 1.

SGLT2 inhibitors

Non-users Users P

Participants (n) 13,821 5,338
Age (years) 58.5+9.56 58.4+9.01 0.064
Male (%) 50.1 50.4 0.346
Race (%) 0.250

African American 35.6 35.1

White 64.4 64.9
Body mass index (kg/m?) 34.0£8.14 35.0+£6.98 0.953
Blood pressure (mmHg)

Systolic 131+12.1 130+15.3 0.272

Diastolic 77.8+7.88 78.0+9.16 0.770
Hemoglobin Alc (%) 8.2+2.3 8.6+1.5 <0.001
Total cholesterol (mg/dL) 169+38.2 173+39.1 0.899
Low-density lipoprotein cholesterol (mg/dL) 95.4+31.4 96.5+31.6 0.070
High-density lipoprotein cholesterol (mg/dL) 41.2+12.0 42.4+10.4 0.090
Triglycerides (mg/dL) 134+95.3 155+110.5 <0.001
Estimated GFR (mL/min/1.73 m?) 79.346.23 79.444.71 0.307
Urine albumin to creatinine ratio 26.4 (7.4-108) 29.1(8.7-81.9) 0.818
Current smoker (%) 6.5 7.3 0.950
Insurance type (%) 0.251

Commercial/private 56.9 58.1

Medicare 32.8 33.2

Medicaid 6.3 4.3

Self-pay 2.6 2.5

Others 14 1.9
Use of medications (%)

Metformin 64.2 64.9 0.126

Insulin 34.2 34.4 0.865

Sulfonylurea 37.9 38.8 0.059

DPP4 inhibitors 29.3 29.1 0.154

a-glucosidase inhibitors 0.5 13 <0.001

GLP-1 agonists 46.2 46.0 0.437

Meglitinides 1.0 2.0 <0.001

Thiazolidinediones 3.0 6.9 <0.001

Lipid-lowering 85.0 85.8 0.082

Antihypertensive 87.1 87.6 0.180

Antiplatelet or anticoagulant 23.2 17.8 <0.001
Presence of comorbidities at baseline (%)

Stroke 4.2 4.9 0.024
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SGLT2 inhibitors
Non-users Users i
Peripheral vascular disease 2.7 5.9 <0.001
Retinopathy 1.7 7.9 <0.001
Macroalbuminuria 31 3.6 0.074

DPP4: Dipeptidyl peptidase 4, GFR: Glomerular filtration rate, GLP-1: Glucagon-like peptide 1
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Table 2.

Page 17

Hazard ratios of ischemic heart diseases among patients using SGLT2 inhibitors compared to those using other

glucose-lowering drugs

SGLT2 inhibitors

Non-users Users
Full follow up
No. of patients 13,821 5,338
No. of cases 1,976 326
Person-years 50,287 12,273
Age-adjusted HR (95% CI) 1.00 0.56 (0.50-0.64)
Multivariable-adjusted HR (95% CI)*  1.00 0.63 (0.54-0.73)
Follow up <6 months
No. of cases 607 67
Person-years 5,836 2,231
Age-adjusted HR (95% CI) 1.00 0.32 (0.22-0.41)
Multivariable-adjusted HR (95% CI) * 1.00 0.36 (0.25-0.44)
Follow up <12 months
No. of cases 904 117
Person-years 11,478 4,274
Age-adjusted HR (95% CI) 1.00 0.38 (0.31-0.47)
Multivariable-adjusted HR (95% CI) ™ 1.00 0.40 (0.32-0.49)
Follow up <24 months
No. of cases 1,275 199
Person-years 22,282 7,671
Age-adjusted HR (95% CI) 1.00 0.47 (0.39-0.56)
Multivariable-adjusted HR (95% CI)* ~ 1.00  0.53 (0.43-0.60)
Follow up <36 months
No. of cases 1,552 273
Person-years 31,734 10,147
Age-adjusted HR (95% CI) 1.00 0.58 (0.50-0.64)
Multivariable-adjusted HR (95% CI) ™ 1.00 0.65 (0.54-0.73)

*
Adjusted for age, race, sex, body mass index, systolic blood pressure, hemoglobin Alc, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, triglycerides, estimated GFR, urine albumin to creatinine ratio, smoking, insurance type, hypoglycemia events, a-

glucosidase inhibitors, meglitinides, thiazolidinediones, anti-hypertensive medications, lipid-lowering medications, antiplatelet, anticoagulant

medications, history of stroke, peripheral vascular disease, diabetic retinopathy and diabetic nephropathy.
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