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Abstract
Introduction

Sodium-glucose co-transporter-2 inhibitors (SGLT2Is) and glucagon-like peptide-1 receptor agonists (GLP-
1RAs) are novel antihyperglycemic agents that reduce cardiovascular mortality through insulin-independent
mechanisms. In this cross-sectional study, we investigated prescription patterns of these drugs and
identified inequities in antihyperglycemic utilization.

Methods

Unique encounters for diabetes care between January 1, 2020, and December 31, 2020, were identified
through a systematic query of our healthcare system’s database. All patients >18 years old with a
hemoglobin A1C level of >8% were included in the sample. Demographic data, SGLT2I or GLP-1RA
prescription status, diabetes-related complications, and mortality were abstracted.

Results

A total of 2,746 patients were included in the sample. Among these individuals, 670 (24.4%) were prescribed
either an SGLT2I or a GLP-1RA (users) and 2,076 (75.6%) were not prescribed either agent (non-users). There
were significantly more males than females in the cohort, but there was no significant difference in the sex
distribution between users and non-users. Compared to non-users, users were younger (mean age of 65.1 +
9.4 years versus 66.4 = 9.9 years, p-value = 0.005), more likely to be non-Hispanic (86.3% versus 13.7%),
more likely to live in a middle-income zip code, and have private insurance. The mortality rate was lower
among users when compared to non-users, but the difference did not reach statistical significance (2.7%
versus 5.5%, p-value = 0.62). SGLT2I use was associated with a 60% lower risk of mortality.

Conclusion

Ethnicity, median household income, and insurance type influence the likelihood of being prescribed an
SGLT2I or a GLP-1RA. Individuals prescribed either agent appear to have better mortality outcomes than
those prescribed other medications. Further investigation may reveal underlying causes and potential
solutions for disparities in prescription patterns.

Categories: Endocrinology/Diabetes/Metabolism, Public Health, Epidemiology/Public Health
Keywords: mortality, sodium glucose co-transporter-2 inhibitors, sglt inhibitors, racial disparity, glucagon-like
peptide-1 receptor agonists, glp-1 agonists

Introduction

Sodium-glucose co-transporter-2 inhibitors (SGLT2Is) and glucagon-like peptide-1 receptor agonists (GLP-
1RAs) are antihyperglycemic agents that were approved by the U.S. Food and Drug Administration (FDA) in
2013 and 2012, respectively, for the treatment of non-insulin-dependent diabetes mellitus. Data suggest
that these therapies reduce hemoglobin A1C (HbA1C), facilitate weight loss, and reduce cardiovascular
mortality through insulin-independent mechanisms [1,2]. In addition, emerging evidence indicates that
both SGLT2Is and GLP-1RAs may decrease all-cause mortality [3,4]. Both medication classes are generally
well-tolerated with relatively few adverse effects [5,6]. However, despite the proven benefits of SGLT2Is and
GLP-1RAs, their use is limited by cost.
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Racial, ethnic, and socioeconomic disparities in the pharmacologic management of diabetes mellitus have
previously been described [7,8], and recent data suggest that racial minorities are less likely to be prescribed
SGLT2Is and GLP-1RAs as compared to their White counterparts [9]. In this cross-sectional study, we aimed
to investigate the association between sociodemographic characteristics (including race, ethnicity, sex,
income, and insurance status) and the likelihood of receiving a prescription for an SGLT2I or GLP-1RA. We
further assessed the influence of these covariables on all-cause mortality of the subjects. Identifying the
barriers to the use of medications with proven mortality benefits using data readily available in electronic
medical records may allow hospital systems to appropriately target medication affordability programs for at-
risk individuals.

A portion of this article was presented virtually as a meeting abstract at the 2021 Scientific Session of the
American Heart Association.

Materials And Methods
Study subjects

We performed a systematic query of our healthcare system database using International Classification of
Diseases 10th edition (ICD-10) codes for diabetes mellitus type 2 for all care encounters between January 1,
2020, and December 31, 2020. Care encounters included emergency room visits and hospitalization at either
of the hospitals in our 946-bed tertiary care hospital system in Northern Nevada, USA, or primary care or
urgent care visits within the system. All patients who were at least 18 years old, with HbA1C >8%, and
received at least a single prescription for SGLT2I or GLP-1RA during the study period were included in the
study. We chose this HbA1c level, which has been used previously [10], to capture a sample of subjects with
poorly controlled diabetes in whom SGLT2I and/or GLP-1RA would be a reasonable hyperglycemia therapy
based on the recommendation by the American Diabetes Association to target HbAlc below 8% for a large
portion of patients irrespective of the presence of multiple comorbidities, a history of hypoglycemia, or
advanced diabetes complications [11].

Comorbid conditions and demographic data, including race, ethnicity, zip code of residential address,
mortality rate, and cause of death, were abstracted from reviewing individual charts. Race and ethnicity were
defined based on self-identification as reported in the medical record. Residential zip code was used as a
surrogate for median annual household income [12,13]. Cause of death was as documented in the death
summary or note available in the medical record at the time of data abstraction. For every subject with at
least one prescription for either SGLT2I or GLP-1RA (users), we planned to include two subjects without a
record of either prescription (non-user). Our sample-size determination calculations showed that 687 non-
users and 344 users would be needed to detect a difference of approximately 18.9 deaths per 100,000
population with a power of 80% at a 5% level of significance. The study was conducted as part of a quality
improvement project at our institution.

Statistical analysis

Baseline characteristics of the subjects were summarized as mean * standard deviation or proportions. The
frequency distribution of comorbid conditions and mortality outcomes were compared using the chi-square
test of independence. The Wilcoxon rank-sum test or Student’s t-test was used to compare age and
household income between users and non-users, as applicable. We constructed a multivariable logistic
regression model to assess the factors that influence medication prescription status and mortality. Model
specification and fit were assessed by the linktest command and Hosmer-Lemeshow goodness-of-fit test,
respectively. Model selection was adjudicated based on the Akaike Information Criterion (AIC). An
exploratory analysis using race (with all categories included) did not yield significant results, and those
models had poor fit and specification, likely due to the small number of observations. Thus, race was
excluded from the final model. All analyses were performed at two-tailed 5% level of significance using Stata
version 16.1 (Stata Corp., College Station, TX).

Results

We included 2,746 patients in our study. Prescriptions for GLP-1RAs and/or SGLT2Is medications were
present in 24.4% of the patients (users). Males were overrepresented in the sample, but there was no
significant difference in sex distribution between users and non-users. The mean age of users was 65.1 + 9.4
years, which was significantly younger than non-users at 66.4 + 9.9 years (p = 0.005). Subgroup analysis
revealed that age did not influence prescription of individual medications. Among users, significantly more
patients identified as White (77.9%) as compared to other racial groups, including Black, Asian, Native
American, and Pacific Islander. Non-Hispanic was the largest ethnic group in our sample (86.3% versus
13.7%). Using zip code as a surrogate for income level, we found that users were more likely to reside in
areas with a median annual household income in the middle-income category based on 2018 income tiers
($48,500-$145,500). Users were significantly more likely than non-users to have private insurance (p<0.001).
Medicaid was predictive of SGLT2I but not GLP-1RA use, whereas private insurance was associated with
GP1-RA use only. Table / summarizes the baseline subject characteristics based on medication use status.
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SGLT2I and/or GLP-1RA

P-value
Non-users, 2,076 (75.6%) Users, 670 (24.4%)
Mean age + SD 664199 65.1+9.4 0.005
Median household income (US dollars) 52,818 56,326 <0.0001
n (%) n (%)
Age categories 0.03
<65 years 971 (46.8) 346 (51.6)
265 years 1,105 (53.2) 324 (48.4)
Sex 0.15
Female 929 (44.8) 321 (47.9)
Male 1,147 (55.2) 349 (52.1)
Ethnicity <0.001
Hispanic 431(20.8) 92 (13.7)
Non-Hispanic 1,645 (79.2) 578 (86.3)
Race 0.28
White 1,579 (76.1) 522 (77.9)
Black 63 (3) 24 (3.6)
Asian 125 (6) 46 (6.9)
Native Hawaiian or Other Pacific Islander 23 (1.1) 8(1.2)
American Indian or Alaska Native 51(2.5) 17 (2.5)
Other race 38 (1.8) 11(1.6)
Unknown 197 (9.5) 42 (6.3)
Income class <0.001
Low income 858 (41.3) 202 (30.2)
Middle income 1,217 (58.7) 467 (69.8)
Insurance type <0.001
Medicare 1,037 (50) 283 (42.2)
Medicaid 127 (6.1) 20 (3)
Private 585 (28.2) 244 (36.4)
Other 63 (3) 12(1.8)
Unknown 264 (12.7) 111 (16.6)

TABLE 1: Baseline comparison of patient characteristics by prescription status.

“Other race” was not defined in our database, and “unknown race” refers to those observations with missing race data.

GLP-1RA, glucagon-like peptide-1 receptor agonists; SGLT2I, sodium-glucose co-transporter-2 inhibitors

There were no significant differences in the proportion of specific diabetes complications between users and
non-users (Table 2).
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Non-users, n (%) Users, n (%) P-value
2,076 (75.6) 670 (24.4)
Diabetes-related complications
DKA without coma 65 (3.1) 9(1.3) 0.76
Chronic kidney disease 144 (6.9) 46 (6.9) 1
Other kidney complication 44 (2.1) 26 (3.9) 0.66
Retinopathy 13(0.6) 3(0.5) 0.98
Neuropathy 75 (3.6) 20 (3) 09
Peripheral artery disease without gangrene 22(1.1) 15(2.2) 0.79
Foot ulcer 39 (1.9) 8(12) 0.89
No complications 1,674 (80.6) 543 (81) 0.84
Mortality
Dead 114 (5.5) 18 (2.7) 0.61
Alive 1,962 (94.5) 652 (97.3) 0.004
Cause of death
CovID-19 35(30.7) 5(27.8) 0.89
Sepsis 20 (17.5) 1(5.6) 0.76
Stroke 15 (13.2) 3(16.7) 0.87
Cardiovascular 10 (8.8) 3(16.7) 0.7
Cancer 9(7.9) 3(16.7) 0.66
Other 14 (12.3) 0
Unknown 11(9.6) 3(16.7) 0.72

TABLE 2: Comparison of diabetes complications and mortality by prescription status.

Unknown cause of death refers to those who died outside of the hospital, and other cause of death refers to causes other than those stated.

DKA, diabetic ketoacidosis; GLP-1RA, glucagon-like peptide-1 receptor agonists; SGLT2I, sodium-glucose co-transporter-2 inhibitors

Among diabetes-related complications, only peripheral artery disease (PAD) and a history of diabetic
ketoacidosis (DKA) had significant influence on the odds of receiving a prescription. History of PAD or
chronic kidney disease was associated with significantly increased odds of receiving a prescription for a
GLP-1RA but not SGLT2I (data not shown). Notably, this observation may be explained by the fact that an
estimated glomerular filtration rate (eGFR) of less than 30 mL/min/1.73 m2 represents a contraindication for
SGLT2I use. Older age, Hispanic ethnicity, Medicaid insurance, and a history of DKA were associated with
significantly lower odds of being prescribed an SGLT2I and/or GLP-1RA (Figure I).
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QOdds ratio
Predictor variable (95% CI) p-value
Peripheral artery disease _— 223(1.14,4.42) 02
Middle income (vs low income) —_— 1.58 (1.30, 1.92) <0.001
Private insurance (vs Medicare) —_— 1.37 (1.05,1.77) 02
Chronic kidney disease T— 1.30 (0.97,1.75) .08
Female —— 1.19 (0.99, 1.42) .06
Age (for every year increase in age) - 0.98 (0.97, 0.99) 02
Neuropathy —_—— 0.84 (0.50, 1.39) 49
Retinopathy 0.72 (0.20, 2.57) 61
Foot ulcer * 0.68 (0.31, 1.47) 33
Hispanic (vs White) —_— 0.61(0.47,0.78) <0.001
Medicaid (vs Medicare) —_— 0.53 (0.31, 0.89) .02
DKA without coma 0.42 (0.20, 0.85) 02
T T

1
Odds Ratio

FIGURE 1: A forest plot showing adjusted odds ratios of the predictors
of SGLT2l and/or GLP-1RA prescription in the cohort.

DKA, diabetic ketoacidosis; GLP-1RA, glucagon-like peptide-1 receptor agonists; SGLT2I, sodium-glucose co-
transporter-2 inhibitors

Between January 2020, and June 2021, a total of 132 patients in our study population died. The all-cause
mortality rate was 2.7% among users of SGLT2I/GLP-1RA as compared to 5.5% in non-users. The difference
in the proportion of patients who died was not statistically significant between the two groups (p = 0.6). The
adjusted odds of mortality were significantly lower among SGLT2I users as compared to non-users and in
females compared to males (Figure 2). A multivariable logistic regression model showed that age was
associated with a significant increase in the odds of death (adjusted odds ratio of 1.06; 95% CI: 1.03-1.08; p-
value <0.001). There was no significant difference in the distribution of the cause of death between users
and non-users.

Qdds ratio

Predictor variable (95% CI) p-value
Medicaid (vs Medicare) * 2.06 (0.93, 4.57) .08
Hispanic (vs White) D — 1.08 (0.68, 1.73) 73
Age (for every year increase in age) * 1.06 (1.03, 1.08) <0.001
GLP-1RA —_— 0.78 (0.41, 1.48) .45
Middle income (vs low income) —_— 0.72 (0.50, 1.05) .09
Female —_— 0.59 (0.41, 0.85) .005
Private insurance (vs Medicare) —_— 0.53 (0.28, 1.02) .06
SGLT2I + 0.40 (0.18, 0.87) .02

T T

.25 1 4

Odds Ratio

FIGURE 2: A forest plot demonstrating the predictors of all-cause
mortality based on the multivariable logistic regression model.

GLP-1RA, glucagon-like peptide-1 receptor agonists; SGLT2I, sodium-glucose co-transporter-2 inhibitors

Discussion

SGLT2Is and GLP-1RAs are safe, well-tolerated, and highly effective hypoglycemic agents that have been
shown to reduce all-cause mortality among patients with non-insulin dependent diabetes mellitus.
However, despite the proven benefits of these novel medications, prescription rates remain relatively low
[14]. Our analysis reveals significant inequity in SGLT2I and GLP-1RA prescriptions affecting racial
minorities and low-income individuals.
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We found that individuals who identified as Hispanic were significantly less likely to receive a prescription
for an SGLT2I and/or GLP-1RA as compared to their non-Hispanic counterparts. Healthcare inequity
affecting the Hispanic community is not without precedent. Previous studies have demonstrated that
Hispanic individuals with cardiovascular risk factors, including hypertension and hypercholesterolemia, are
often undertreated [15-17]. Furthermore, as compared to non-Hispanic Whites, Hispanic patients are more
likely to demonstrate medication nonadherence [18] and less likely to fill prescriptions [19]. It has been
postulated that inadequate access to care [20], patient-physician language barriers [21], prohibitive costs
[22,23], and distrust of the healthcare system contribute to treatment inequities among the Hispanic
population. However, irrespective of the underlying causes, inadequate treatment in the setting of
nonadherence can have a devastating effect on health outcomes. Given the increased risk of nonadherence
associated with complex treatment regimens, SGLT2Is and GLP-1RAs with one daily and once weekly forms
should be considered mainstay therapies among the Hispanic community. Nevertheless, our data
demonstrate that eligible Hispanic individuals are significantly less likely than non-Hispanic Whites to be
prescribed an SGLT2I or GLP-1RA.

Disparities in prescription patterns are not limited to ethnicity; our analysis suggests that individuals
residing in low-income communities are less likely to be prescribed an SGLT2I or GLP-1RA than those living
in middle- or higher-income areas. These findings are consistent with other investigations of prescription
patterns for high-cost medications. In a study by Inselman et al., for example, authors found that low-
income individuals with asthma were less likely to be prescribed new biologics as compared to their high-
income counterparts [24]. Low-income patients are also less likely to be prescribed opioid medication for
pain control [25] and are at an increased risk of early antidepressant discontinuation [26] as compared to
those in higher economic strata; although these drugs are typically inexpensive, the findings highlight
existing prescription disparities between low- and high-income patients.

Prescription pattern disparities based on income are likely related to multiple underlying factors. Clinicians
may be reluctant to recommend high-priced medications to low-income patients with diabetes, as these
individuals already face excessive healthcare costs even when using generic medications [27]. Bias may also
play a role: low-income patients are often perceived as non-adherent and thus ostensibly less likely to
benefit from high-cost medications [28]. Moreover, it has been established that expensive prescriptions are
less likely to be filled than low-cost alternatives [29], which may prompt clinicians to recommend generic
medications. Improving outcomes among low-income patients with diabetes may therefore require a multi-
pronged approach that includes shared decision-making, fee-assistance programs, and implementation of
psychosocial strategies known to improve medication adherence [30].

There were several limitations of the study inherent to its design. Data were collected from a single
institution and thus the findings cannot be generalized. Mortality events that occur outside of our
healthcare system are not routinely captured unless a primary care physician enters documentation in the
chart. Therefore, mortality rates presented here may be underestimated. Furthermore, specific patient
characteristics, such as co-administered medications, discontinuation of SGLT2I/GLP-1RA therapy, or
switching from one to the other, and specific causes of mortality, were not abstracted; thus, allocation bias
could not be definitively excluded. Although all subjects in this study had an HbA1c level of >8%, it is
reasonable to expect that treating HbAlc as a continuous variable may have reviewed nuanced prescription
patterns as clinicians are more likely to adopt alternative therapies in order to attain HbAlc targets. We
combined the prescription rates for both classes of medication as a minority of patients were on both and
could not be excluded from the analysis. However, owing to the recent rise in the popularity of GLP-1RAs for
their weight loss benefits and the media coverage of rising prices, an analysis assessing each class of
medication separately may be more informative. These limitations notwithstanding, our study demonstrates
that socioeconomic factors play a significant role in the prescription pattern of SGLT2I and GLP-1RA drugs
among patients with poorly controlled diabetes.

Conclusions

In this cross-sectional study, we show that low-income individuals are significantly less likely to receive a
prescription for SGLT2Is and/or GLP-1RAs as compared to their higher income counterparts. Like other high-
cost drugs, we also identified significant ethnic disparities in SGLT2I and GLP-1RA prescription patterns;
users were more likely to be White. Our analysis suggests that the high cost of drugs may discourage
clinicians from prescribing these antidiabetic agents despite their proven benefit on cardiovascular and all-
cause mortality among patients with non-insulin dependent diabetes mellitus who meet indication but are
economically disadvantaged. Further investigation to better understand the underlying causes of economic
and ethnic disparities in SGLT2I and GLP-1RA prescription rates may help improve outcomes for all eligible
patients with non-insulin dependent diabetes mellitus.
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