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Estimating the number of preventable
cardiovascular disease events in the
United States using the EMPA-REG
OUTCOME trial results and National

Health and Nutrition Examination Survey

Nathan D Wong'”’, Wenjun Fan' and Jonathan Pak?

Abstract

Aim: We examined eligibility and preventable cardiovascular disease events in US adults with diabetes mellitus from
the Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG OUTCOME).
Methods: We identified adults with diabetes mellitus eligible for EMPA-REG OUTCOME based on trial eligibility
criteria available from the National Health and Nutrition Examination Surveys, 2007-2016. We estimated composite
cardiovascular disease endpoints, as well as all-cause deaths, death from cardiovascular disease and hospitalizations for
heart failure from trial treatment and placebo event rates, the difference indicating the preventable events.

Results: Among 29,629 US adults aged =18years (representing 23 1.9 million), 4672 (27.3 million) had diabetes mellitus,
with 342 (1.86 million) meeting eligibility criteria of EMPA-REG OUTCOME. We estimated from trial primary endpoint
event rates of 10.5% and 12.1% in the empagliflozin and placebo groups, respectively, that based on the ‘treatment’ of
our |.86million estimated EMPA-REG OUTCOME eligible subjects, 12,066 (95% confidence interval: 10,352—13,780)
cardiovascular disease events could be prevented annually. Estimated annual preventable deaths from any cause,
cardiovascular causes and hospitalizations from heart failure were 17,078 (95% confidence interval: 14,652—19,504),
14,479 (95% confidence interval: 12,422—16,536) and 9467 (95% confidence interval: 8122—10,812), respectively.
Conclusion: Empagliflozin, if provided to EMPA-REG OUTCOME eligible US adults, may prevent many cardiovascular
disease events, cardiovascular and total deaths, as well as heart failure hospitalizations.
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The EMPA-REG OUTCOME trial has demonstrated CVD. Other inclusion criteria have been previously pro-

patients with diabetes with known cardiovascular disease
(CVD) benefitted from empagliflozin treatment over
standard of care alone, with a significant 14% [95% confi-
dence interval (CI): 1%—26%] reduction in the primary
composite endpoint of death from CVD causes, non-fatal
myocardial infarction or non-fatal stroke. Death from
CVD was reduced by 38% (95% CI: 23%—51%), hospitali-
zation for heart failure 35% (95% CI: 15%-50%) and
death from any cause 32%.!

Empagliflozin is a selective inhibitor of sodium glucose
cotransporter 2 (SGLT-2) that decreases renal glucose
reabsorption to alleviate hyperglycaemia in patients with
type 2 diabetes mellitus (T2DM). In brief, eligible subjects
for EMPA-REG OUTCOME trial included those who had
T2DM and were aged 18 years and older with established

vided.! Table 1 shows the baseline characteristics of the
EMPA-REG sample (placebo group data shown).

To better understand the potential nationwide applica-
bility and impact of the EMPA-REG OUTCOME study, it
is of interest to understand the proportion and estimated
number of eligible US adults with diabetes who would fit
EMPA-REG OUTCOME criteria from which we are able
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Table I. Descriptive statistics for EMPA-REG eligible participants in NHANES 2007-2016 (with comparison to EMPA-REG

OUTCOME eligible participants).

NHANES
(n=342, 1.86million)

EMPA-REG OUTCOME (placebo)
(n=2333)

Age (years)
Male
Race
Mexican American
Other Hispanic
Non-Hispanic White
Non-Hispanic Black
Other race
Ethnicity
Not Hispanic or Latino
Hispanic or Latino
Other/Missing
Weight (kg)
BMI (kg/m?)
Waist circumference (mm)
Current cigarette smoking (%)
Cardiovascular disease history
Coronary heart disease
Heart attack
Angina pectoris
Stroke
Congestive heart failure
HbAlc (%)
Duration of T2DM (years)
Duration of T2DM
<|year
=|-5years
=5-10years
=|0years
Glucose lowering therapy (%)
Insulin
Diabetic lowering pills
Antihypertensive medication (%)?
Lipid lowering medication (%)®
SBP (mmHg)
DBP (mmHg)
Total cholesterol (mg/dL)
LDL-C (mg/dL)*
HDL-C (mg/dL)
Triglycerides (mg/dL)
eGFR (mL/min/1.73 m?)
=90 mL/min/1.73 m?
60-90 mL/min/1.73 m?
<60 mL/min/1.73 m?

Urine albumin-to-creatinine ratio (%)?

<30mglg
30-300mg/g
>300mg/g

66.26 +0.67
197 (1.08 million, 58.1%)

52 (0.14million, 7.4%)
42 (0.09 million, 4.8%)
147 (1.28million, 69.1%)
72 (0.23 million, 12.2%)
29 (0.12million, 6.5%)

219 (1.51 million, 81.3%)
94 (0.23 million, 12.2%)
29 (0.12million, 6.5%)
9343+ 1.16
3324043

114.84 +1.05
53 (0.27 million, 14.65%)

168 (1.01 million, 54.43%)
156 (0.91 million, 48.88%)
104 (0.72 million, 38.75%)
I 14 (0.55million, 29.57%)
79 (0.40million, 21.81%)
7.94+0.07
7.23+ 6.5l

63 (0.3 1 million, 16.91%)
30 (0.15million, 8.13%)

50 (0.32million, 16.94%)
199 (1.08 million, 58.02%)

153 (0.80 million, 43.06%)
187 (1.05 million, 73.03%)
252 (1.32million, 96.74%)
226 (1.27 million, 94.89%)
132,00+ 1.33

66.50 +0.90
176.61 +2.89

88.89 =237

42.64+0.89
236.02+ 12.86

71.87+ 1.52

62 (0.41 million, 21.81%)
152 (0.79 million, 42.75%)
128 (0.66 million, 35.44%)

149 (0.91 million, 62.19%)
80 (0.38 million, 26.00%)
28 (0.17 million, |1.81%)

632+88
1680 (72.0%)

1678 (71.9%)
120 (5.1%)
535 (22.9%)

1912 (82.0%)
418 (17.9%)
3(0.1%)
86.6+ 19.1
30.7+52
N/A
N/A

1763 (75.6%)
1083 (46.4%)
553 (23.7%)
244 (10.5%)

8.08 + 0.84

52 (2.2%)
371 (15.9%)
571 (24.5%)

1339 (57.4%)

1135 (48.6%)
1734 (74.3%) Metformin
2221 (95.2%)
1864 (79.9%)
1358+17.2
76.8*10.1
161.9 £43.1
849+353
440+ 113
170.7 £121.2

488 (20.9%)
1238 (53.1%)
607 (26.0%)

1382 (59.2%)
675 (28.9%)
260 (11.1%)

NHANES: US National Health and Nutrition Examination Survey; BMI: body mass index; N/A: not applicable; HbAlc: haemoglobin Alc; T2DM: type 2 diabetes mellitus;
SBP: systolic blood pressure; DBP: diastolic blood pressure; LDL-C: low-density lipoprotein-cholesterol; HDL-C: high-density lipoprotein-cholesterol; eGFR: estimated
glomerular filtration rate; SE: standard error; MDRD: Modification of Diet in Renal Disease.

Numbers were displayed as weighted means = SE or frequency with projected population and weighted percentage. eGFR was calculated based on MDRD equation.

83 subjects have missing values for antihypertensive medication.

®102 subjects have missing values for lipid lowering medication.

€204 subjects have missing values for LDL-C level.

985 subjects have missing values for urine albumin-to-creatinine ratio.
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to project the number of CVD events that could be pre-
vented nationwide. In addition, an understanding of the
current cardiovascular risk profile and use of diabetes and
other medications among the general US population eligi-
ble for EMPA-REG OUTCOME would be of interest.

The US National Health and Nutrition Examination
Survey (NHANES) offers an opportunity to examine
these issues in non-institutionalized non-selected US
adults with diabetes. We have shown barely 20% of US
adults with diabetes and CVD are at recommended target
levels of low-density lipoprotein cholesterol (LDL-C),
blood pressure and haemoglobin Alc (HbAlc),? and that
aggressive management of major risk factors could pre-
vent over 50% of coronary heart disease events in US
adults with diabetes,? identifying significant opportunities
for these unmet needs.

In this project, we estimated the number of preventable
CVD events in the US adult diabetic population from
empagliflozin among EMPA-REG OUTCOME eligible
persons, based on the number of US adults with T2DM we
estimated would fit the EMPA-REG OUTCOME study
criteria.

Methods

Sample inclusions

NHANES is a US population-representative cross-sec-
tional evaluation of non-institutionalized US adults con-
taining information on medical history, measured
laboratory parameters and prescription medication infor-
mation. We included US adults from five 2-year NHANES
surveys from 2007 to 2016 with T2DM (based on age of
onset of 30years or greater using NHANES criteria), and
of these, we utilized the following EMPA-REG
OUTCOME eligibility criteria available in NHANES: (a)
those who have a known history of CVD, including coro-
nary heart disease, myocardial infarction, stroke or angina;
(b) HbAlc of between 7% and 9%, or 7% and 10% if on
hypoglycaemic therapy (insulin or oral hypoglycaemic
medication); (c¢) estimated glomerular filtration rate
(eGFR) of =30mL/min/1.73 m?; and (d) body mass index
(BMI) of <45kg/m? The total number of adults with
T2DM fitting these criteria among these five surveys was
then projected to the US population using NHANES
10-year sample weighting. This provided the estimated
number of millions of persons with T2DM who were
empagliflozin eligible based on the above criteria (other
more specific eligibility criteria such as revascularization,
angiographic stenosis and peripheral arterial disease are
not available in NHANES). Sensitivity analyses were done
comparing eligible estimated number of subjects across
each 2-year survey using 2-year sample weighting each.
Since this study involved the use of publicly available de-
identified data, it was exempt from the institutional review

board review and did not qualify for human subjects
research at the University of California, Irvine.

Statistical analysis

We initially examined demographic (age groups, sex, eth-
nicity), clinical and risk factor distributions [mean/stand-
ard deviation (SD) of age, total cholesterol, low-density
lipoprotein (LDL) and high-density lipoprotein (HDL)
cholesterol, triglycerides, systolic and diastolic blood pres-
sure, HbAlc, BMI, duration of T2DM, eGFR based on
creatinine measures, proportion with hypertension, ciga-
rette smoking, family history of CVD and in different
T2DM duration categories, eGFR categories, and albumin
to creatinine ratio categories] among our empagliflozin
eligible subjects, as well as proportions on self-reported
insulin or oral hypoglycaemic medication, antihyperten-
sive medication and lipid lowering medication. We then
described how these demographic, clinical and risk factor
characteristics compared to the actual EMPA-REG
OUTCOME trial enrolled participants. Comparisons are
made to the EMPA-REG OUTCOME placebo group
patients, who were similar in baseline characteristics,
including other background diabetes therapy, to the empa-
gliflozin treated participants.

Finally, we estimated the number (in thousands) of pre-
ventable CVD events (primary and secondary composite
endpoints), heart failure hospitalizations and cardiovascular
and total deaths using sample weighting and applying the
EMPA-REG OUTCOME published placebo and treatment
group event rates for each of these endpoints to the weighted
population of empagliflozin eligible US adults with T2DM
as estimated in Wong et al.? The difference between the esti-
mated number of events based on the placebo and treatment
group event rates for each endpoint was designed as the
number of preventable events. Analyses were done based on
the entire 10-year sample using SAS (version 9.3; SAS
Institute, Cary, NC, USA). Population weighted estimates
were provided by PROC SURVEY FREQ with the CLWT
option providing 95% ClIs for these weighted estimates.
These were multiplied by the corresponding event rates to
get the 95% Cls for the estimated number of events.

Results

From 29,629 US adults we identified (representing
231.9million), 4672 (27.3 million) were identified with
T2DM of which 1067 (6.0 million) had known CVD. After
applying other exclusion criteria as available in NHANES,
including those without known CVD, HbA ¢ not between
7% and 10%, BMI >45kg/m?, eGFR <30 mL/min/1.73 m?,
and those with liver disease, we identified 342 subjects
representing 1.86 million (95% CI: 1,592,599-2,120,022)
US adults who would fit EMPA-REG OUTCOME trial
eligibility criteria (Figure 1).
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n=50,588

I

n=48,710 (N=306.67M)

n=1,878 without positive sample weight

|

n=29,629 (231.86M)

l

n=4,672 (27.28M)

l

n=1,067 (5.97M)

n=19,081 (74.81M) aged below 18yr old

n= 24,957 (204.58M) without Type 2 Diabetes

n= 3,605 (21.31M) without high risk of CVD events

l

n=395 (N=2.14M)

n= 672 (3.83M) with HbA1lc less than 7% or
greater than 10%

l

n=374 (N=2.00M)

n=21 (0.14M) with BMI greater than 45kg/m?

|

n= 343 (1.86M)

n=31 (0.14M) with 0<eGFR<30 ml/min/1.73m?

n=1(<0.01M) with liver disease

l

n=342 (1.86M)

No further exclusion for medical history of
any type of cancer within 5 years

Figure |I. EMPA-REG OUTCOME eligible sample selection from the National Health and Nutrition Examination Surveys,

2007-2016.

I. Inclusion criteria for type 2 diabetes were at least one of the following: (a) fasting (=12h) glucose greater or equal to 126 mg/dL or (b) non-
fasting glucose greater or equal to 200 mg/dL or (c) answering ‘Yes’ to ‘take diabetic pills to lower blood sugar’ and/or ‘taking insulin now’ or (d)
doctor told you have diabetes with diagnosed age greater or equal to 30 or (e) HbAlc =6.5%.

2. eGFR was calculated based on Modification of Diet in Renal Disease (MDRD) equation.

3. High risk of CVD was defined as at least answering ‘Yes’ to one the following questions: (a) ‘Ever told you had coronary heart disease’, (b) ‘Ever
told you had angina/angina pectoris’, (c) ‘Ever told you had heart attack’, (d) ‘Ever told you had a stroke’.

4. Liver disease was defined as serum levels of alanine aminotransferase, aspartate aminotransferase or alkaline phosphatase above 3X upper limit
of normal during screening or run-in phase. Upper limits were 168, 120 and 345 |U/L for alanine aminotransferase, aspartate aminotransferase and

alkaline phosphatase, respectively.

Table 1 compared demographic and clinical factors
between those EMPA-REG OUTCOME eligible US adults
in NHANES with the EMPA-REG OUTCOME placebo
group reported values. Our NHANES EMPA-REG
OUTCOME eligible US adults compared to the EMPA-
REG OUTCOME placebo group subjects tended to be on

average 3years older, less likely male, more likely non-
Hispanic Black, with greater BMI, higher total- and LDL-
cholesterol, triglycerides and lower systolic and diastolic
blood pressure. Our NHANES eligible subjects were also
less likely to have coronary heart disease but more likely
to have chronic kidney disease (CKD; eGFR <60mL/
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Table 2. Number and absolute event rate of expected preventable cardiovascular outcomes if on EMPA-REG OUTCOME,

NHANES 2007-2016.
If not on Events/ If on Events/  Preventable Events/
empagliflozin year empagliflozin year CvD year
No. % No. % No. %

Death from cardiovascular causes, non-fatal 224,614  12.1 81,492 194913 10.5 69,426 29,700 1.6 12,066

myocardial infarction or non-fatal stroke (192,704— (69,915- (167,223— (59,563— (25,482— (10,352—
256,523) 93,069) 222,602) 79,289)  33,920) 13,780)
(n=41) (n=36) (n=5)

Death from cardiovascular causes, non-fatal 265,452 14.3 97,456 237,608 128 86,133 27,844 1.5 11,323

myocardial infarction, non-fatal stroke or (227,742 (83,611— (203,853— (73,897— (23,889— (9715-

hospitalization for unstable angina 303,163) 111,301) 271,363) 98,369)  31,800) 12,932)
(n=49) (n=44) (n=5)

Death

From any cause 154,074 83 53,090 105810 57 36,012 48263 26 17,078
(132,186~ (45,548— (90,778- (30,896~ (41,408— (14,652—
175,962) 60,633) 120,841) 41,128)  55,121) 19,504)
(n=28) (n=19) (n=9)
From cardiovascular causes 109,522 59 37497 68,684 3.7 23,018 40,838 22 14479

(93,963- (32,170- (58,926— (19,748— (35,037- (12,422
125,081) 42,824) 78,441) 26,288)  46,640) 16,536)
(n=20) (n=13) (n=7)

Hospitalization for heart failure 76,109 4.1 26,916 50,120 2.7 17,449 25,988 1.4 9467
(65,297— (23,093— (43,000- (14,970- (22,296— (8122-
86,921) 30,740) 57,241) 19,928)  29,680) 10,812)
(n=14) (n=9) (n=5)

Hospitalization for heart failure or death 157,786 85 55875 105810 57 36569 51,976 28 19,306

from cardiovascular causes excluding fatal ~ (135,371- (47,937- (90,778- (31,374— (44,593- (16,563—

stroke 180,202) 63,813)  120,841) 41,764) 59,361) 22,048)
(n=29) (n=19) (n=10)

NHANES: US National Health and Nutrition Examination Survey; CVD: cardiovascular disease; Cl: confidence interval.

Eligible sample from NHANES 20072016 was 342 (projected to 1,856,311 people, 95% Cl: 1,592,599-2,120,022). Numbers are displayed as the
weighted population (95% CI) with the unweighted sample sizes in parenthesis. Absolute event rates of expected CVD and events/1000 person-
years were based on Table | in the study of Zinman et al.* Events/year was calculated as (humber of events/1000 person-years X total sample

size)/1000.

min/1.73m?), prior stroke and heart failure. Patients in our
NHANES sample tended to have more recently diagnosed
T2DM and more likely to be on lipid lowering medication.
Importantly, however, use of insulin and metformin was
similar in our EMPA-REG OUTCOME eligible NHANES
sample compared to actual EMPA-REG OUTCOME pla-
cebo subjects; 15% of our sample were current cigarette
smokers and the mean waist circumference of 115mm
indicated most had abdominal obesity. Across survey year,
there was a modest variation in the proportion of US adults
cligible for empagliflozin based on EMPA-REG
OUTCOME criteria, ranging from as low as 0.68% (5.5%
of those with T2DM) in 2013-2014 to 0.99% (7.6% of
those with T2DM) in 2015-2016, without any significant
trend across survey years, with overall eligibility being
0.80% of all adults and 6.8% of those with T2DM (data not
shown in the table).

Table 2 shows the estimated number of primary and sec-
ondary outcomes and individual endpoints (among those
significant in EMPA-REG OUTCOME trial) resulting

from empagliflozin ‘treatment’ based on our estimated
1.86million US adults fitting EMPA-REG OUTCOME eli-
gibility. The estimated number of events if not on empagli-
flozin (based on the placebo event rates) or on empagliflozin
(based on the empagliflozin group event rates) was dis-
played, with the difference between the two being the esti-
mated preventable CVD events. Using the respective
EMPA-REG OUTCOME annual event rates, we also esti-
mated the respective annual events that would occur in
each group, with the difference between the preventable
events per year. We found approximately 29,700 (95% CI:
25,482-33,920) preventable CVD event rates based on the
duration of the EMPA-REG OUTCOME trial (median fol-
low-up time of 3.1 years), translating to 12,066 (95% CI:
10,352-13,780) estimated annual preventable CVD events
from empagliflozin treatment. Secondary outcome events
prevented were 27,844 (95% CI: 23,889-31,800) or 11,323
(95% CI. 9715-12,932) per year, respectively. Of note,
deaths from any cause prevented were 48,263 (95% CI:
41,408-55,121) or 17,078 (95% CI: 14,652-19,504) per
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year, death from cardiovascular causes 40,838 (95% CI:
35,037-46,640) or 14,479 (95% CI: 12,422-16,536) per
year, hospitalizations for heart failure prevented were
25,988 (95% CI: 22,296-29,680) or 9467 (95% CI: 8122—
10,812) per year and combined hospitalizations for heart
failure or death from cardiovascular causes prevented were
51,976 (95% CI: 44,593-59,361) or 19,306 (95% CI:
16,563-22,048) per year.

Discussion

This study is the first to demonstrate the US population-
wide applicability of a major trial of SGLT-2 inhibitor
therapy in persons with T2DM with respect to estimating
the burden of CVD events that may be prevented. We show
roughly a third of the 6 million US adults with both T2DM
and CVD meet EMPA-REG OUTCOME eligibility crite-
ria, of which untreated approximately 81,492 primary
CVD events would occur annually, but that empagliflozin
could annually prevent about 12,066 primary CVD out-
come events, as well as 17,078 total deaths, 14,479 cardio-
vascular deaths and 9467 heart failure hospitalizations
over that of placebo.

The SGLT-2 inhibitor class of diabetes medications™®
are landmark in being the first such class of agents to dem-
onstrate in persons with T2DM, not only cardiovascular
event reduction, with particularly consistent reductions in
heart failure hospitalizations, but also reductions in blood
pressure, weight and other cardiovascular risk factors.
Most recently, beneficial impacts on progression of CKD
in patients with CKD have been demonstrated,” as well as
reduced heart failure hospitalization and cardiovascular
deaths in those with heart failure.® The transformative role
of these therapies as cardioprotective agents establishes
their key role in the field of preventive cardiology.

The EMPA-REG OUTCOME trial was a landmark in
being the first of the SGLT-2 inhibitor trials to demonstrate
cardiovascular benefit, showing a 14% (95% CI: 1%—26%)
relative risk reduction in the primary composite endpoint
of death from cardiovascular causes, non-fatal myocardial
infarction or non-fatal stroke, and a more impressive 38%
reduction in death from cardiovascular causes (95% CI:
23%—51%), 35% (95% CI: 15%—-50%) reduction in hospi-
talization for heart failure and 32% (95% CI: 18%—43%)
reduction in death from all causes.! Following this key trial
was the CANVAS (CANagliflozin cardioVascular
Assessment Study) programme studying canagliflozin and
also involving patients with T2DM at high cardiovascular
risk, which showed a 14% (95% CI: 3%—25%) relative
risk reduction in the same primary composite endpoint and
a33% (95% CI: 13%-48%) reduction in heart failure hos-
pitalization, but no significant reduction in cardiovascular
or all-cause mortality.” More recently, the DECLARE trial
involving dapagliflozin and a broader patient population
for which over half were without CVD showed dapagliflo-
zin did not result in a lower rate of major adverse

cardiovascular events. There was a significant 17% (95%
CI: 5%-27%) relative risk reduction in the co-primary
endpoint of cardiovascular death or hospitalization for
heart failure, but no significant reduction in cardiovascular
or all-cause mortality.'”

While no real-world studies estimating the population-
wide impact of these trials in terms of preventable CVD
events, others have examined eligibility for these and trials
of other glucose lowering agents. In the US Diabetes
Collaborative Registry (DCR), Arnold and colleagues
showed 26% of over 180,000 patients in the registry to
meet EMPA-REG OUTCOME criteria, although only a
minority (5.2%) were actually being prescribed an SGLT-2
inhibitor.! It was estimated that 354 cardiovascular deaths
and 231 heart failure hospitalizations could have been pre-
vented among those patients. The patient population
included in the DCR at the time was highly enriched from
cardiology practices, thus with an overrepresentation of
patients with known CVD, and importantly the DCR does
not have sample weighting allowing for extrapolation to the
US population. Wittbrodt et al.'? utilized earlier NHANES
surveys from 2009 to 2012 to estimate eligibility in several
T2DM outcomes trials, including EMPA-REG OUTCOME.
EMPA-REG OUTCOME had the lowest proportion eligi-
ble subjects, with 4.1% of T2DM subjects eligible for the
trial (this can be compared with our larger proportion eligi-
ble of 7% over a wider range of NHANES cohorts up to
year 2016) and 39.8% showing eligibility for DECLARE.
In addition, among over 1.2 million patients identified from
the Royal College of General Practitioners Research and
Surveillance Centre database in England, 15.7% of all
T2DM patients had the same cardiovascular risk as those in
the EMPA-REG OUTCOME trial, of which only 11% had
been initiated on an SGLT-2 inhibitor.!* The Comparative
Effectiveness of Cardiovascular Outcomes in New Users of
SGLT-2 Inhibitors (CVD-REAL) study was the first large
real-world study of patients with T2DM involving more
than 300,000 patients across six countries, 87% without a
history of CVD. This study propensity matched those on
SGLT-2 inhibitors and other glucose lowering drugs and
found 39% lower risks of heart failure (HF) hospitaliza-
tions and a 51% lower risk of all-cause death in those on
SGLT-2 inhibitors compared to other glucose lowering
drugs.'* Most recently, the Empagliflozin and the Risk of
Heart Failure Hospitalization in Routine Clinical Care: A
First Analysis from the Empagliflozin Comparative
Effectiveness and Safety (EMPRISE) study'® showed from
a propensity-score matching analysis of two commercial
and one federal claims databases of patients initiating
empagliflozin or sitagliptin that the former was associated
with a 50% reduction in heart failure hospitalizations, even
greater than that observed in EMPA-REG OUTCOME.
Future real-world studies of health claims data will provide
further validation of the findings regarding the impact of
SGLT-2 inhibitors and other therapies from these initial
reports. While such studies provide information on the
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applicability of clinical trial findings to actual clinical prac-
tice, such analyses while mimicking clinical trials using
propensity-score matching and other techniques cannot
replace the results of clinical trials. Residual confounding
and other issues, such as immortal time bias,'® can exagger-
ate actual results.

Our study has important strengths and limitations. The
NHANES surveys are the only US population-representa-
tive surveys containing sufficient laboratory and clinical
information to provide estimates of eligibility from major
clinical trials such as EMPA-REG OUTCOME. NHANES
also contains standardized data collection as well as evalu-
ation of medical history. Importantly, however, information
on history of CVD is all based on self-reported questions
on coronary heart disease, myocardial infarction, stroke
and heart failure, without any greater detail. One limitation
is that information on prior bypass surgery or percutaneous
interventions, angiographic stenosis from coronary angiog-
raphy, as well as ankle-brachial index was not captured in
the NHANES surveys we utilized; such persons fitting
EMPA-REG OUTCOME eligibility according to any of
these criteria alone (without otherwise reporting as ‘yes’ on
one of the self-reported questions for cardiovascular com-
ponent above) would have not been captured in our analy-
sis, resulting an underestimation of those actually eligible
for EMPA-REG OUTCOME. Therefore, our estimates of
EMPA-REG OUTCOME eligibility (and therefore pro-
jected preventive cardiovascular events) are likely to be
conservative. Importantly, our estimates of primary and
secondary events in placebo and empagliflozin treated US
population depend on our sample being representative of
participants in EMPA-REG OUTCOME trial. It has been
previously noted by others!” that large trials of glycaemic
control often have limited external validity when applied to
a large population-based cohorts such as our NHANES
sample; therefore our results must be treated with caution,
especially since the baseline risk of our sample is likely to
be different than that of the EMPA-REG OUTCOME trial
sample. In addition, while it would have been desirable to
examine the effects of other SGLT-2 inhibitors studied in
other outcomes trials like EMPA-REG OUTCOME, each
trial had different inclusion/exclusion criteria, and thus dif-
ferent samples of patients for which the results of a given
trial could be applied to. Our NHANES sample had a higher
proportion of Black but similar proportion of White partici-
pants as EMPA-REG OUTCOME; however, neither had
information on certain ethnic groups with high cardiometa-
bolic risk (e.g. South Asians). Also, as the differences in
terms of absolute number of events between treated and
placebo groups in the sample studied were fairly small, the
extrapolated preventable events can only be considered an
approximation. We have described several other differ-
ences in demographic characteristics and CVD risk factors
as well as concomitant treatment between our cohort and
the EMPA-REG OUTCOME trial cohort, which of course

would impact actual event risk. Our NHANES sample also
tended to have more persons who were very recently diag-
nosed with T2DM and on lipid lowering medication.

In conclusion, our report gives some insight into the
burden of CVD events, cardiovascular and total deaths,
and heart failure hospitalizations that could potentially be
prevented in the US population who would fit empagliflo-
zin eligibility criteria. Recent guidelines have recom-
mended the use of SGLT-2 inhibitor or GLP-1 agents,
shown to have cardiovascular benefit, in a broader range of
T2DM persons with CVD (e.g. without specific EMPA-
REG OUTCOME restrictions such as range of HbAlc
included)'®!® and even recently in those with T2DM and
multiple risk factors alone.?’ It is therefore possible that
many more CVD events, heart failure hospitalizations and
deaths could be preventable than what we estimate using
the limited EMPA-REG OUTCOME eligibility criteria,
especially as these products become more widely used
beyond those T2DM patients who already have established
CVD. However, ultimately the costs of these therapies
must be weighed against the cost savings from hospitaliza-
tions and other costs saved from events prevented when
deciding which patient subgroups will be most cost-effec-
tive for their use.
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