
A Comparison of Individuals with Diabetes and EMPA-REG
Trial Participants: Exploring Aspects of External Validity
Alexander Chaitoff, MD, MPH1 , Joshua D. Niforatos, MD, MTS2, Jingyi Gong, MD1, and
Michael A. Fischer, MD, MS3

1Department of Medicine, Brigham and Women’s Hospital/Harvard Medical School, 75 Francis St, Boston, MA, USA; 2Department of Emergency
Medicine, The Johns Hopkins School of Medicine, Baltimore, MD, USA; 3Division of Pharmacoepidemiology and Pharmacoeconomics, Brigham
and Women’s Hospital, Harvard Medical School, Boston, USA.

BACKGROUND: There is increasing use of sodium glu-
cose co-transporter 2 (SGLT2) inhibitors to treat diabetes.
Since trials apply specific entry and exclusion criteria to
ensure internal validity, comparisons of trial populations
with nationally representative samples can inform the
applicability of study findings to practice.
OBJECTIVE: To compare individualswith diabetes froma
nationally representative sample to patients who under-
went randomization in the EMPA-REG trial. A secondary
aim was to characterize what proportion of individuals
prescribed an SGLT2 inhibitor in a nationally representa-
tive sample would have been included in the EMPA-REG
trial.
DESIGN: Retrospective cross-sectional study.
PARTICIPANTS: Adults with diabetes who took part in
the National Health and Nutrition Examination Survey
(NHANES) between 2011–2014 (primary analysis
corresponding to EMPA-REG enrollment) and 2015–
2018 (secondary analysis corresponding to contemporary
sample).
MAIN MEASURES: The primary outcome was a compar-
ison of demographic (age, sex, ethnicity, and pregnancy
status), clinical (comorbidities and medication use), ex-
amination (weight, body mass index, and systolic and
diastolic blood pressure), and laboratory (hgba1c, low-
and high-density lipoprotein cholesterol, triglycerides,
and estimated glomerular filtration rate) characteristics
of NHANES respondents versus EMPA-REG trial partic-
ipants. The secondary outcome was the proportion of
NHANES respondents who had been prescribed an
SGLT2 inhibitor that would have met inclusion criteria
for the EMPA-REG trial.
KEY RESULTS: There were 655 and 48 respondents,
representing a weighted sample of 21,849,775 and
1,062,573 individuals, included in the primary and sec-
ondary analyses, respectively. Overall, 7.6% (95% CI 4.8–
10.6%) of 2011–2014 NHANES respondents would have
met all EMPA-REG trial inclusion criteria. NHANES
respondents and EMPA-REG participants differed across
demographic, clinical, examination, and laboratory
domains. Of NHANES respondents from 2015 to 2018
who were prescribed an SGLT2 inhibitor, 10.6% (95% CI

<1–24.7%) would have met all inclusion criteria for the
EMPA-REG trial.
CONCLUSIONS:TheEMPA-REGpopulation differed from
a nationally representative sample, which could affect
generalizability.
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INTRODUCTION

Applying randomized clinical trial (RCT) results to patients in
routine clinical practice presents challenges. RCTs typically
focus on selecting inclusion and exclusion criteria to maximize
internal validity, potentially at the expense of external validity.1

This design feature, compounded by often inadequate reporting
of trial participant characteristics2 and time pressures on pro-
viders,3, 4 can make it difficult for clinicians to go deeper than
general guidelines when necessary to identify which patients
should receive a treatment in real-world settings. Ultimately, the
multiple inclusion and exclusion criteria required to select such
populations are typically presented in trial appendices or meth-
ods papers that are unlikely to be seen by the busy clinician.
Considering some of these limitations, there is increasing

interest in using large real-world data sources to conduct
observational research that can augment results from RCTs
and guide evidence-based practice.5 It has been suggested that
studies using real-world data could be reported in addition to
RCTs to provide the generalizability that is often sacrificed in
RCTs that seek to maximize internal validity.6, 7 However, a
recent study on the feasibility of using real-world data to
replicate RCTs suggests that currently available data can only
support this approach for a fraction of trials.8 Furthermore,
there are well-known limitations to observational studies, in-
cluding the challenges of conducting research with data col-
lected for other purposes and the difficulty of reproducing
results across different settings or data sources.9–13 Accord-
ingly, RCTs remain the “gold standard” for clinical evidence
even though discordances between the population in which an
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intervention is studied and the population in which it is used
can have real consequences.14 Specifically, average risks and
benefits in the real-world may differ from those observed in
trials, which could at the very least affect shared decision-
making conversations.15

Recently, several major clinical trials have shown the
effectiveness of sodium glucose co-transporter 2 (SGLT2)
inhibitors for treating diabetes and cardiovascular comor-
bidities, resulting in the incorporation of this drug class
into recent American Diabetes Association Guidelines.16

However, further study is necessary to examine how
closely the trial populations match the real-world patients
who may be offered SGLT2 inhibitor therapy, and so this
study had one primary and one secondary exploratory aim
regarding just one of these trials studying SGLT2 inhib-
itors. Primarily, we sought to compare the characteristics
of individuals living with diabetes to the baseline charac-
teristics of patients who underwent randomization in the
EMPA-REG trial, and secondarily, we hoped to charac-
terize what proportion of individuals actually prescribed
an SGLT2 inhibitor would have been included in the
EMPA-REG trial.17

METHODS

Study Population

The sample consisted of adults aged 18 years and older
who took part in the National Health and Nutrition Exam-
ination Survey (NHANES). NHANES is a cross-sectional
survey conducted by the Centers for Disease Control and
Prevention. NHANES uses a complex, multistage, clus-
tered probability method to sample non-institutionalized
US civilians to provide nationally representative
estimates.18

To address the first aim of comparing patients who under-
went randomization in the EMPA-REG trial with the general
population with diabetes, we used responses from individuals
sampled between 2011 and 2014 to correspond with the
EMPA-REG study enrollment period. Respondents were eli-
gible for inclusion if they had been selected to complete the
interview, exam, and fasting laboratory sections of the survey.
Respondents were included if they had diabetes, defined as
having a glycated hemoglobin (hgba1c) ≥ 6.5% or fasting
glucose ≥ 126 mg/dL, and were not missing data. To address
our second aim of determining the proportion of individuals
that were prescribed SGLT2 inhibitors that would have met
inclusion criteria for the EMPA-REG trial, we used responses
from individuals sampled between 2015 and 2018, which are
the most recent NHANES cycles available. Respondents were
eligible for inclusion if they had completed the interview,
exam, and laboratory sections of the survey. Respondents
were included if they were prescribed a SGLT2 inhibitor and
were not missing data.

Outcome Measures

Outcomes were defined based on demographic, clinical, labo-
ratory, and medication variables. Demographic variables in-
cluded age (years), sex (male vs female), ethnicity (Hispanic
vs non-Hispanic), and pregnancy status (yes vs no). Clinical
variables included heart disease (defined as self-reported histo-
ry of angina, coronary artery disease, stroke, myocardial infarc-
tion, or heart failure), weight (kilograms), BMI (kg/m2), and
systolic and diastolic blood pressure (mmHg). Laboratory var-
iables included hgba1c (%), low-density lipoprotein cholesterol
(mg/dL), high-density lipoprotein cholesterol (mg/dL), trigly-
cerides (mg/dL), and estimated glomerular filtration rate (GFR)
as calculated by the MDRD equation (mL/min/1.732).19 Med-
ication variables included the number of individuals using
prescription contraception, taking anti-hyperglycemic
agents (including biguanides, sulfonylureas, dipeptidyl
peptidase-4 (DPP-4) inhibitors, thiazolidinediones, SGLT2
inhibitors, and insulin), anti-hypertensive agents (including
angiotensin-converting enzyme inhibitors/angiotensin II re-
ceptor blockers (ACEi/ARB), beta-blockers, diuretics,
calcium-channel blockers, mineralocorticoid receptor
antagonists, and renin inhibitors), and lipid-lowering thera-
pies (including statins, fibrates, ezetimibe, and niacin).
Medication usage was extracted from NHANES preferen-
tially using Lexicomp drug class codes and with generic
drug identification codes when no specific drug class
existed. All data from NHANES were extracted using the
nhanesA package in R while data from the EMPA-REG trial
were extracted from Table S2 in the supplementary
materials.17

The primary outcome, created based on these variables,
was whether a respondent would have met inclusion or
exclusion criteria for EMPA-REG. Criteria were extracted
from the EMPA-REG trial protocol. EMPA-REG inclusion
criteria included hgba1c ≥7.0% and ≤ 10% for patients on
background therapy or hgbA1c ≥7.0% and ≤ 9.0% for drug-
naïve patients, BMI ≤45 kg/m2, and history of heart disease
while exclusion criteria included pregnant women or wom-
en of child bearing age not on birth control, GFR ≤ 30 mL/
min/1.73 (via the MDRD equation per trial protocol)2, and
substantially abnormal laboratory test (operationalized for
this study as aspartate aminotransferase, alanine amino-
transferase, or alkaline phosphatase greater than three times
the upper limit of normal).20 The secondary outcome was
whether individuals actually prescribed an SGLT2 inhibitor
from 2015 to 2018 would have met these same criteria.

Statistical Analysis

Descriptive statistics were used to describe sample means and
the number of individuals who would have met inclusion
criteria for the trial. One-sample T-tests were used to compare
continuous NHANES sample means with continuous popula-
tion means reported in the EMPA-REG trial. Chi-square
goodness of fit tests were used to compare categorical
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NHANES sample means with categorical population means
reported in the EMPA-REG trial. Finally, a subgroup analysis,
using one-sample T-tests and chi-square goodness of fit tests
as described, was also conducted among only those who
reported having heart disease. All analyses were conducted
in R version 4.0.2 (https://cran.r-project.org/) or SAS (Cary,
NC: SAS Institute Inc.) using appropriate survey weighting
with the survey package in R or the SURVEYFREQ proce-
dure, respectively. A two-sided alpha level of 0.05 was used to
assess for statistical significance.

RESULTS

For the analysis of whether patients with diabetes would have
been eligible for EMPA-REG, 655 respondents were included
in the analysis, representing a weighted sample of 21,849,775
individuals with diabetes from 2011 to 2014. For the analysis
of patients receiving SGLT-2 inhibitors in real-world settings,
48 respondents were included in the analysis, representing a
weighted sample of 1,062,573 individuals who received an
SGLT2 inhibitor from 2015 to 2018.
Compared with individuals in the EMPA-REG trial,

NHANES respondents were younger (59.2 vs 63.1 years,
p<0.001), were more likely to be female (45.6% vs 28.5%,
p<0.001), weighed more (94.1 kg vs 86.3 kg, p<0.001), had a
higher BMI (33.2 kg/m2 vs 30.6 kg/m2, p<0.001), and had
lower systolic (131.1 mmHg vs 135.4 mmHg, p<0.001) and
diastolic (70.7 mmHg vs 76.6 mmHg, p<0.001) blood pres-
sure (Table 1). Among laboratory measures, NHANES
respondents had lower hgba1c (7.55% vs 8.07%, p<0.001),
higher LDL (102.8 mg/dL vs 85.7 mg/dL, p<0.001) and HDL
(47.4 mg/dL vs 44.4 mg/dL, p<0.001), but lower triglycerides

(152.7 mg/dL vs 170.6 mg/dL, p=0.002), and higher GFR
(84.4 mL/min/1.732 vs 74.0 mL/min/1.732, p<0.001). Finally,
NHANES respondents were less likely to be on every class of
anti-hyperglycemic and anti-hypertensive medication evaluat-
ed as well as less likely to be on statins (but not less likely to be
on other lipid-lowering medications, Table 2).
When the analysis was limited only to NHANES

respondents with cardiovascular disease, patterns of differ-
ences between the NHANES populations and the EMPA-
REG populations remained similar for sex, weight, BMI,
systolic and diastolic blood pressure, hgba1c, and LDL.
However, the NHANES respondents with cardiovascular
disease were less likely to be Hispanic (7.9% vs 18.0%,
p=0.001) and did not have significantly different levels of
HDL, triglycerides, or GFRs compared with EMPA-REG
trial participants. Lastly, similar to patterns observed when
comparing the total NHANES population with the EMPA-
REG population, rates of medication use by NHANES
respondents with cardiovascular disease were generally sig-
nificantly lower than rates of medication usage by the
EMPA-REG trial participants.
Overall, 7.6% (95% CI 4.8–10.6%) of 2011–2014

NHANES participants with diabetes would have met
EMPA-REG trial inclusion criteria. Most notably, only about
one-third of individuals would have met the hgba1c and drug
cutoff criteria (36.6%, 95%CI 32.1–41.1%) and only a quarter
would have met the high cardiovascular risk criteria (25.1%,
95% CI 20.1–30.2%; Table 3).
In the secondary analysis of individuals who participated in

NHANES from 2015 to 2018 and were prescribed an SGLT2
inhibitor, 10.6% (95% CI <1–24.7%) would have met all
inclusion criteria to be included in the EMPA-REG trial. Most
NHANES respondents prescribed an SGLT2 inhibitor failed

Table 1 Comparison of NHANES and EMPA-REG Demographic, Exam, and Laboratory Characteristics

NHANES EMPA-REG

Value (95% CI) Value (N or SD)

Total sample N=655) Sample with cardiovascular risk
(N=153)

Total sample
(N=7020)

Age, years 59.2 (57.8, 60.5)*** 66.2 (63.7, 68.7)* 63.1 (8.7)
Sex, %

Female 45.6 (40.2, 51.0)** 36.9 (25.2, 48.5)** 28.5 (2004)
Ethnicity, %

Hispanic 15.6 (10.7, 20.4) 7.9 (3.4, 12.5)** 18.0 (1265)
Weight, kg 94.1 (91.0, 97.2)*** 95.2 (88.4, 102.1)* 86.3 (19.0)
BMI, kg/m2 33.2 (32.4, 34.0)*** 33.2 (31.4, 34.9)** 30.6 (5.2)
Systolic blood pressure, mmHg 131.1 (128.8,

133.4)***
130.9 (127.7, 134.1)* 135.4 (17.0)

Diastolic blood pressure, mmHg 70.7 (69.2, 72.2)*** 65.4 (61.6, 69.3)** 76.6 (9.8)
Glycated hemoglobin, % 7.55 (7.35, 7.74)*** 7.65 (7.06, 8.24)** 8.07 (0.85)
Low-density lipoprotein cholesterol, mg/dL 102.8 (99.0,

106.5)***
97.4 (90.9, 103.9)** 85.7 (35.8)

High-density lipoprotein cholesterol, mg/dL 47.4 (45.9, 48.8)*** 45.6 (43.0, 48.3) 44.4 (11.7)
Triglycerides, mg/dL 152.7 (142.4,

163.0)**
163.0 (141.4, 184.6) 170.6 (126.9)

Estimated glomerular filtration rate, mL/min/
1.732

84.4 (81.4, 87.4)** 70.8 (64.9, 76.7) 74.0 (21.4)

*p<0.05, **p<0.01, ***p<0.001
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to meet the hgba1c and drug cutoff criteria (49.2%, 95% CI
24.1–74.4%) or the high risk of heart disease criteria (32.7%,
14.7–50.6%, Table 4).

DISCUSSION

This study compared individuals with diabetes from the general
population with participants from the EMPA-REG trial. Overall,
individuals with diabetes in the NHANES sample differed sub-
stantially from EMPA-REG trial participants across demograph-
ic, clinical, laboratory, and medication domains. When only
individuals with heart disease were considered, the NHANES
sample was more similar to EMPA-REG trial population, but
there were still significant differences across all domains. A
minority of individuals with diabetes in the 2011–2014
NHANES sample, and a minority of individuals in a more
contemporaryNHANES samplewhowere prescribed an SGLT2
inhibitor would have met eligibility for the EMPA-REG trial.
We examined several components of external validity that

clinicians might consider during their routine practice. First,
they may consider how well the patient characteristics of trial
populations, such as age, sex, and race, match their own
clinical populations. Second, they may consider the stage of
disease or extent of disease control in the trial population as
compared with those parameters in their patients. Third, they
may consider whether the patterns of care and treatment in a
trial protocol are similar to the way that they practice; for
example, study participants may have more frequent follow-
up testing or medication titration than would be expected in
typical practice. Assessments of the external validity of clini-
cal trials often focus on the first component: how closely the
demographic characteristics of patients enrolled in trials reflect
those of the general population. Proposed solutions to mis-
matches between trial and general populations typically in-
clude increased recruitment of under-represented groups of
patients,21, 22 which represents an important priority for

Table 2. Comparison of NHANES and EMPA-REG Medication Characteristics

NHANES EMPA-REG

% (95% CI) % (N)

Total sample (N=655) Sample with cardiovascular risk (N=153) (N=7020)

Anti-hyperglycemic
Metformin 44.3 (40.0, 48.6)*** 41.2 (29.4, 54.4)** 74.0 (5193)
Sulfonylureas 25.6 (18.0, 32.6)*** 35.7 (23.8, 47.5) 42.8 (3006)
DPP-4 Inhibitorsa 8.2 (5.1, 11.4) 7.9 (2.2, 13.6) 11.3 (796)
Thiazolidinedione 3.6 (1.7, 5.5) 3.9 (<0.1, 8.0) 4.3 (299)
Insulin 23.5 (18.3, 28.7)*** 33.6 (22.6, 44.7)** 48.2 (3387)

Anti-hypertensive
ACEi/ARBb 52.2 (48.9, 55.7)*** 68.1 (60.6, 75.6)*** 80.7 (5666)
Beta-blocker 27.5 (22.0, 33.1)*** 51.2 (39.6, 62.8)** 64.8 (4554)
Diuretics 27.8 (23.8, 31.8)*** 37.7 (30.4, 45.0) 43.2 (3035)
Calcium-channel blocker 15.8 (11.1, 20.5)*** 26.6 (17.1, 36.1) 33.0 (2317)
Mineralocorticoid receptor antagonists 3.5 (1.5, 5.4)** 4.8 (0.6, 8.9) 6.3 (441)
Renin inhibitors <0.01 (<0.1, 0.5) NA 0.6 (46)

Lipid-lowering
Statins 45.3 (41.3, 49.2)*** 64.2 (52.1, 76.4)** 77.0 (5403)
Fibrates 7.1 (3.5, 10.6) 15.3 (5.2, 25.4) 9.0 (630)
Ezetimibe 2.2 (0.6, 3.9) 2.7 (<0.1, 6.6) 3.8 (270)
Niacin 2.1 (0.2, 4.1) 4.0 (<0.1, 9.6) 1.8 (126)

*p<0.05, **p<0.01, ***p<0.001. aDipeptidyl peptidase 4 inhibitors. bAngiotensin-converting enzyme inhibitors/angiotensin II receptor blocker

Table 3 Description of Proportion of NHANES Population Meeting
Major EMPA-REG Inclusion Criteria

Criteria Meets criteria

N % (95% CI)

Meets hemoglobin A1c and number
of medication cutoff

230 37.4 (33.1, 41.8)

Meets BMI ≤45 kg/m2 612 91.4 (87.9, 94.8)
Meets high cardiovascular risk 153 25.1 (20.1, 30.2)
Meets liver function tests less than
than 3× the upper limit of normal

641 98.1 (96.7, 99.4)

Meets GFR >30 mL/min 642 98.0 (96.6, 99.5)
Meets not being pregnant and being
on birth control is of child bearing age

610 93.1 (90.5, 95.7)

Table 4 Description of Proportion of NHANES Population Who
Received an SGLT2 Inhibitor and Met Major EMPA-REG

Inclusion Criteria

Meets criteria

N % (95% CI)

Meets hemoglobin a1c and number
of medication cutoff

26 53.7 (28.9, 78.4)

Meets BMI ≤45 kg/m2 44 96.8 (92.9, 99.9)
Meets high cardiovascular risk 12 32.3 (14.9, 49.8)
Meets liver function tests not more
than than 3× the upper limit of normal

48 NA

Meets GFR >30 mL/min 48 NA
Meets not being pregnant or be at risk
of becoming pregnant

46 96.2 (90.7, 99.9)
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researchers. However, the second and third components of
external validity have been less widely studied and may re-
quire different mitigation approaches. In addition to recruiting
a more diverse population, addressing these other challenges
may require additional detail in the reporting of trial results
that goes beyond subgroup analyses to include descriptions of
how the stage of disease and patterns of care for trial partic-
ipants compare with local, state, or national trends, which
might assist both individual clinicians with decisions as well
as regional and national organizations with guideline-making.
Going further, trialist could consider recruitment plans with
the aim of more closely matching trial populations to clinical
populations on more than just demographic variables.
While prior work has identified criteria for clinicians and

researchers to consider when evaluating external validity,23, 24

many trials do not present enough information for clinicians to
make these assessments. For example, one study that exam-
ined nearly 200 Norwegian drug trials affecting general prac-
tice found that a majority did not report one or more important
variables necessary for assessing external validity.25 Even
when enough information is available, evaluations of the
external validity of trials have found that inclusion and exclu-
sion criteria often limit trial generalizability. A review of
cardiology, oncology, and mental health studies that sought
to compare trial populations with real-world populations con-
cluded that over 70% of trials were not representative of real-
world populations.26 Our findings are consistent with this
previous literature on trial generalizability.
Recent evaluations of the generalizability of clinical trials of

novel anti-diabetic medications have concluded that no trial
perfectly matches real-world populations.27–30 These studies
have reported the proportion of individuals from the general
population who would have been included in trials of anti-
diabetes medications based largely on demographic character-
istics and a limited set of laboratory measurements but report
only limited comparisons of other aspects of the trial versus
real-world populations, and few describe how characteristics of
the trial populations compare with characteristics of individuals
in the general population receiving these agents. Our study
builds on this previous work in two ways: first, by providing
a more comprehensive framework for comparing a nationally
representative population with a trial population, and, second,
by reporting how many individuals receiving an SGLT2 inhib-
itor would have been included in one of the landmark trials.
The direction of the differences between NHANES

respondents and trial participants was not consistent; for ex-
ample, the NHANES populations was younger, had lower
blood pressures, and had higher GFRs compared with the
EMPA-REG trial populations, but NHANES respondents also
had higher average BMI. The finding that NHANES respond-
ents were less likely to be on multiple classes of medications
might suggest that the population is healthier than trial partic-
ipants thoughwe cannot exclude the possibility that NHANES
respondents were receiving less aggressive diabetes care than
trial participants especially considering EMPA-REG

investigators were encouraged to aggressively treat cardiovas-
cular risk factors, like hypertension and hyperlipidemia, dur-
ing the study period. Either of these explanations could be
problematic for the generalization of the trial results, particu-
larly if SGLT2 inhibitors interact, either positively or nega-
tively, with other drug classes. Even when only individuals
with high cardiovascular risk were included, which would
more closely approximate the EMPA-REG population that
was enriched for such individuals, many of these differences
remained. It is plausible that these differences could influence
the efficacy of SGLT2 inhibitors; for example, the EMPA-
REG trial reported that SGLT2 inhibitors tended to have less
effect in individuals with BMI over 30. These findings mirror
similar analyses from Europe that have suggested that effect
sizes seen in the data from trials of SGLT2 inhibitors may only
apply to a small subset of individuals with diabetes.31

Clinical trials cannot be perfectly representative of the entire
population; it is more efficient for them to select participants
for whom a given therapy is most likely to have benefit.32 Our
finding that a minority of NHANES respondents who received
an SGLT2 inhibitor would have met trial inclusion criteria for
EMPA-REG highlights another potential concern with the
generalizability of these trials. While the confidence intervals
for our estimates were wide, these preliminary findings point
to an area where ongoing surveillance in the form of observa-
tional studies could be useful to both quantify effect sizes in
real-world (vs trial) populations and possibly help redirect
prescribing to more appropriate populations.
This study has several limitations. First, because of coding

differences for variables in NHANES and the EMPA-REG trial,
some characteristics, such as race, could not be compared.
Moreover, this study could not differentiate NHANES respond-
ents diagnosed with type 1 versus type 2 diabetes, but because
type 2 diabetes in over 17 times more prevalent, misclassifica-
tions were unlikely to significantly affect results.33 Relatedly, it
is possible that some individuals did not meet the hgba1c cutoff
for either the primary or secondary analysis because of improved
control on anti-diabetic regimens, specifically SGLT2 inhibitors,
as it relates to the latter analysis. Additionally, cardiovascular
risk in NHANES is assessed via self-report rather than the more
detailedmedical information available to trial recruiters, so some
NHANES respondents may or may not have been classified as
high cardiovascular risk according to trial protocols, though it is
unclear if the average primary care clinician makes decisions
with information closer to that contained in NHANES questions
or the EMPA-REG trial data. Furthermore, the sample size of
NHANES respondents receiving an SGLT2 inhibitor from 2015
to 2018 was small, limiting our ability to make comparisons.
While it is possible that individuals can be prescribed SGLT2
inhibitors for multiple indications, it is less likely that that was
the case in this analysis as our study period predates the trials of
SGLT2 inhibitors for use in kidney disease and heart failure.34,
35 Future studies should more fully characterize the demograph-
ic, clinical, laboratory, andmedication differences between those
prescribed SGLT2 inhibitors and those who were included in
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these more recent trials. Finally, this study did not assess all
inclusion and exclusion criteria from the EMPA-REG protocol,
including some subjective considerations, such as whether a
prospective trial participant would be able to make follow-up
visits andmight therefore overestimate the percent of individuals
meeting inclusion criteria.
This study builds on the current literature by exploring in

more detail the differences between patients included in the
EMPA-REG trial and the general US population with diabetes.
Our findings demonstrate how the trial population differed
significantly from a nationally representative sample inmultiple
domains and that few individuals with diabetes or who receive
SGLT2 inhibitors would have met EMPA-REG trial eligibility
criteria, which highlights the more general difficultly in apply-
ing the literature to clinical decision-making. Clinical trialists
might address this issue by selecting inclusion and exclusion
criteria with the expressed purpose of closely matching the
population in which the drug will be used and providing clearer
comparisons of how the trial population compared with the
general population in which the drug might be marketed. These
results suggest that observational research comparing trial pop-
ulations with relevant real-world populations across multiple
classes of variables could provide useful data to support clini-
cians attempting to apply the results from a trial to their own
patients. Finally, clinicians should be mindful of the possible
limitations of trial generalizability when making prescribing
decisions for individual patients.
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