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Aim: Perform a cost–effectiveness analysis of addition of subcutaneous semaglutide versus empagliflozin
to usual treatment for patients with Type 2 diabetes and cardiovascular disease in US setting. Materials
& methods: A Markov decision model estimated the impact of each strategy using cardiovascular
complication rates based on EMPA-REG and SUSTAIN-6 trials. Modeled cohorts were followed for 3 years
at 1-month intervals beginning at age 66. Results: Compared with empagliflozin, semaglutide resulted in
cost of US$19,964 per quality-adjusted life-year gained. In one-way sensitivity analysis, only semaglutide
cost >US$36.25/day (base case US$18.04) resulted in empagliflozin being preferred at a willingness-to-pay
threshold of US$50,000/quality-adjusted life-year gained. Conclusion: For patients with Type 2 diabetes
and cardiovascular disease, semaglutide is likely more cost-effective than empagliflozin added to usual
treatment.
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Diabetes affects 34.1 million adults in the US and is the seventh leading cause of death, with an estimated annual
cost of US$237 billion dollars in direct healthcare expenditures [1,2]. To reduce excess morbidity and mortality
associated with Type 2 diabetes, national guidelines from the American Diabetes Association have focused on
reducing microvascular and cardiovascular complications [3,4]. The development of GLP-1 receptor agonists and
SGLT2 inhibitors has furthered progress toward this goal, as both medication classes have significant benefits in
reduction of cardiovascular and renal complications among patients with Type 2 diabetes [5,6]. This prompted the
American Diabetes Association to recommend use of these agents as second-line treatment for patients with Type
2 diabetes at high risk for cardiovascular, renal and heart failure events [7]. However, these medication classes and
individual medications within these classes have distinct effects on complication risk and outcomes, and cost and
coverage of individual medications varies widely; thus, optimal incorporation of these medications into routine
Type 2 diabetes treatment is not clear.

One approach to evaluate GLP-1 receptor agonist and SGLT2 inhibitor use in Type 2 diabetes treatment,
taken by multiple prior studies, is to perform a cost–effectiveness analysis based on currently available data. In
an analysis sponsored by the makers of dapagliflozin, Chakravarty et al. examined the cost–effectiveness of this
SGLT2 inhibitor compared with a generic GLP-1 receptor agonist from the US payer perspective over a 1 year time
horizon using costs and payoffs associated with clinical and metabolic outcomes, concluding that dapagliflozin
was cost-saving compared with GLP-1 receptor agonists [8]. Another study sponsored by the company which
produces empagliflozin compared it to liraglutide, a GLP-1 receptor agonist, as second-line treatment added to
metformin using cardiovascular outcomes data from EMPA-REG as well as clinical and metabolic outcomes
from meta-analyses. This analysis found that empagliflozin was less expensive and more effective than liraglutide
from a US payer perspective over a lifetime time horizon [9]. Finally, with funding from the company which
developed semaglutide, Gorgojo-Mart́ınez et al. examined the cost–effectiveness of daily empagliflozin versus once-
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weekly semaglutide in Spain over a lifetime, determining that once-weekly semaglutide was cost-effective, with
an incremental cost–effectiveness ratio (ICER) of EUR 625 per quality-adjusted life-year (QALY) gained [10].
However, none of these analyses directly compare use of once-weekly semaglutide versus daily empagliflozin added
to standard treatment for adults with Type 2 diabetes and high cardiovascular risk in the US.

As we were unable to find a similar study in the existing literature, we performed a cost–effectiveness analysis
comparing empagliflozin and weekly semaglutide as add-on treatment for adults with uncontrolled Type 2 diabetes
and high cardiovascular risk in the US setting, with a focus on cardiovascular outcomes. Empagliflozin adoption
increased rapidly after results of the cardiovascular outcomes trial, EMPA-REG, were published and, as of 2018,
became the most commonly initiated SGLT2 inhibitor in the US [11,12]. Subcutaneous semaglutide has also been
shown to reduce cardiovascular complications in the SUSTAIN-6 trial, and appears to be the most effective
weekly GLP-1 receptor agonist in terms of glycemic efficacy [13,14]. In addition, semaglutide has been shown to be
superior to daily subcutaneous liraglutide and SGLT2 inhibitors for glycemic control and weight reduction [15,16].
In addition to these factors, we chose to compare empagliflozin and weekly semaglutide for this cost–effectiveness
analysis as they are the preferred SGLT2 inhibitor and long-acting GLP-1 receptor agonist in the national formulary
of the Veterans Health Administration, which is the largest integrated health network in the US and cares for over
9 million Veterans annually [17,18]. Furthermore, the Veteran’s Health Administration has recently contracted with
the manufacturer to supply subcutaneous semaglutide as the preferred GLP-1 receptor agonist nationally, further
underscoring the importance of this comparison [19].

Material & methods
Model construction
We assessed the cost–effectiveness of two strategies to intensify treatment of patients with Type 2 diabetes and pre-
existing cardiovascular disease: addition of 1 mg subcutaneous (sc.) semaglutide weekly or 25 mg oral empagliflozin
daily to usual diabetes treatment. A Markov decision model estimated strategy costs (in US dollars) and effectiveness
(in QALYs) from the US healthcare system perspective. The model also assessed the impact of each strategy
on development of Type 2 diabetes complications, including nonfatal myocardial infarction, hospitalization for
congestive heart failure, nonfatal stroke, new or worsening nephropathy, end-stage renal disease and death from
any cause (Figure 1). The empagliflozin strategy also included genital mycotic infection as a potential adverse
effect, with incidence of 3.6% [20]. Additional adverse effects for semaglutide, including pancreatitis and diabetic
retinopathy, were not included due to very low incidence rates [21]. Identical hypothetical cohorts began the model
at age 66 and were mostly male, reflecting the populations of EMPA-REG (71.9% male in empagliflozin 25 mg
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arm) and SUSTAIN-6 (63% male in semaglutide 1.0 mg arm) [11,13]. Cohorts were followed for 3 years at 1-month
intervals to assess strategy intermediate-term benefits, given paucity of evidence on lifetime benefits; this short
time horizon tacitly assumes equal outcomes for both strategies after the model ends at 3 years, making results
more conservative. We discounted costs and effectiveness at 3% per year. After developing an initial complication,
subsequent complication rates were assumed to be 10% higher, with this increased complication rate varied in
sensitivity analyses. In the base case analysis, all patients entered the model without pre-existing complications.
We also examined an alternative case where patients started the model in complication states consistent with
cohorts from EMPA-REG and SUSTAIN-6. When patients experienced a second complication, they remained in
the complication state with the highest cost and lowest utility (for example, if a patient with a prior myocardial
infarction developed a new stroke, they remain in the stroke state for the remaining cycles). For probabilistic
sensitivity analyses, beta distributions were used for all utility values and transition probabilities and gamma
distributions were used for all cost values. Ranges used for one-way sensitivity analyses are listed in Table 1.

Model outcomes were cost per QALY for the empagliflozin and semaglutide strategies and incremental cost and
effectiveness differences between the two strategies, which were used to calculate the ICER. Model construction
and analyses were performed using TreeAge Pro Healthcare 2020 (TreeAge Software, MA, USA).

Model inputs
Transition probabilities were estimated using complication rates based on the EMPA-REG and SUSTAIN-6 trials
(Table 1) [11,13,22]. Rates of medication discontinuation for each strategy (20% for semaglutide and 23.1% for
empagliflozin) were not built into the model separately as they are inherently included in trial outcomes used for
transition probabilities, as both trials used intention-to-treat analyses [11,13]. Medication cost data were obtained, as
recommended [39] from the Federal Supply Schedule, with daily cost of 1 mg sc. semaglutide of US$18.04 and daily
cost of 25 mg oral empagliflozin of US$10.74 [27]. Costs for acute events (Table 1), including hospitalizations for
congestive heart failure, stroke and myocardial infarction were obtained from HCUPnet [23]. Annual costs for chronic
conditions (Table 1), including congestive heart failure [24], stroke, myocardial infarction, diabetic nephropathy [25],
end stage renal disease [26] and Type 2 diabetes [2] were obtained from the medical literature. Annual costs were
adjusted to 2020 US dollars using the US Bureau of Labor Statistics Consumer Price Index Inflation Calculator [40].
Utility values for complications including acute and chronic congestive heart failure [28,31], acute and chronic
cerebrovascular accident [29,33], acute and chronic myocardial infarction [30,32], diabetic nephropathy [34] and end-
stage renal disease [36] were obtained from the literature (Table 1). Utility of mycotic genital infection (0.99) and
baseline utility for adults over 65 with Type 2 diabetes (0.8) were also based on the medical literature [35,37]. The
disutility of premature death was calculated to be 13.3 years based on the life expectancy of a 66-year old person
entering the 3-year model per the National Vital Statistics Report [38].

Results
Base case analysis
In the base case analysis, where all patients entered the model with no complications, the empagliflozin strategy
had a total cost of US$53,578 over the 3 year time horizon and accumulated 1.56 QALY; the semaglutide strategy
cost US$54,594 and had 1.61 QALY. Thus, semaglutide gained an additional 0.05 QALY at an additional cost of
US$1016 compared with empagliflozin, or an ICER of US$19,964 per QALY gained.

Sensitivity analysis
In one-way sensitivity analyses, individually varying all parameter values over ranges shown in Table 1, only variation
of semaglutide cost to greater than US$36.25 per day resulted in empagliflozin being preferred at a willingness-
to-pay threshold of US$50,000/QALY gained. Changes in other parameters, including empagliflozin daily cost
ranging from US$1 to US$20, did not result in empagliflozin becoming the preferred strategy. Results of one-way
sensitivity analyses for the 12 model parameters with the largest impact on ICER are shown in Figure 2. To fully
examine the impact of the renal benefits of empagliflozin, we performed one-way sensitivity analyses varying the
rates of end-stage renal disease (ESRD) development for both strategies. With a rate of ESRD on empagliflozin
of zero events per person-year, semaglutide remained the preferred strategy at a willingness-to-pay threshold of
US$50,000. In order for empagliflozin to be preferred at this threshold, the rate of ESRD development for
semaglutide would need to be increased to 0.2389 per person-year (base case value 0.003 events per person-year).
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Table 1. Model Inputs.
Clinical state Base case value (range) Reference Ref.

Transition probability Events per person-year

Empagliflozin

– Heart failure hospitalization 0.009 (0.005–0.014) EMPA-REG [11]

– Nonfatal myocardial infarction 0.016 (0.008–0.024) EMPA-REG [11]

– Nonfatal stroke 0.011 (0.006–0.017) EMPA-REG [11]

– New or worsening nephropathy 0.048 (0.024–0.072) EMPA-REG renal outcomes [22]

– End-stage renal disease 0.001 (0.0005–0.0015) EMPA-REG renal outcomes [22]

– Death from any cause 0.019 (0.01–0.03) EMPA-REG [11]

Semaglutide

– Heart failure hospitalization 0.018 (0.001–0.029) SUSTAIN-6 [13]

– Nonfatal myocardial infarction 0.014 (0.007–0.021) SUSTAIN-6 [13]

– Nonfatal stroke 0.008 (0.004–0.012) SUSTAIN-6 [13]

– New or worsening nephropathy 0.019 (0.010–0.026) SUSTAIN-6 [13]

– End-stage renal disease 0.003 (0.002–0.004) SUSTAIN-6 [13]

– Death from any cause 0.018 (0.009–0.027) SUSTAIN-6 [13]

Costs

– Acute heart failure event US$14,218 (US$9,202–20,308) HCUPnet [23]

– Acute stroke event US$14,148 (US$9,157–20,208) HCUPnet [23]

– Acute myocardial infarction event US$21, 848 (US$10,924–32,772) HCUPnet [23]

– Annual heart failure US$16,521 (US$10,692–23,598) Liao et al. [24]

– Annual postmyocardial infarction US$2,575 (US$1,669–3,681) O’Brien et al. [25]

– Annual poststroke US$20,597 (US$13,329–29,420) O’Brien et al. [25]

– Annual nephropathy US$63 (US$37–96) O’Brien et al. [25]

– Annual ESRD US$93,191 (US$60,302–133,100) USRDS [26]

– Annual Type 2 diabetes US$17,873 (US$11,566–25,531) American Diabetes Association [2]

– Per day empagliflozin 25 mg US$10.74 (US$5.69–17.37) Federal Supply Schedule [27]

– Per day semaglutide 1.0 mg weekly US$18.04 (US$8.27–31.56) Federal Supply Schedule [27]

Utilities

– Acute heart failure event 0.65 (0.52–0.78) Rosen et al. [28]

– Acute stroke event 0.61 (0.49–0.73) Earnshaw et al. [29]

– Acute myocardial infarction event 0.60 (0.48–0.72) Itoga et al. [30]

– Chronic heart failure 0.82 (0.66–0.98) Lehman et al. [31]

– Chronic postmyocardial infarction 0.86 (0.69–1.0) Burgers et al. [32]

– Chronic poststroke 0.77 (0.62–0.92) Mozaffarian et al. [33]

– Nephropathy 0.88 (0.70–1.0) Palmer et al. [34]

– ESRD 0.621 (0.5–0.74) Gaede et al. [35]

– Mycotic genital infection 0.99 (0.8–1.0) Neslusen et al. [36]

– Type 2 diabetes 0.8 (0.64–0.96) Zhang et al. [37]

– Disutility of death 13.3 (8.61–19.0) Centers for Disease Control [38]

In probabilistic sensitivity analysis, with each model parameter varied simultaneously over distributions, semaglu-
tide was preferred in 57% of model iterations at a willingness-to-pay threshold of US$50,000 per QALY. At a
higher willingness to pay threshold of US$100,000 per QALY, semaglutide remained preferred in 59% of model
iterations. Results of the probabilistic sensitivity analysis are shown in Figure 3.

In a separate analysis, we examined a scenario where the cohort entered the model with existing complications
similar to those observed in in the EMPA-REG and SUSTAIN-6 trial patient cohorts; 39% of cohort entered with
nonfatal myocardial infarction, 19% entered with nonfatal cerebrovascular accident, 13% with heart failure and 29%
with nephropathy. In this scenario, the empagliflozin strategy accumulated a total cost of US$72,053 over 3 years
and 1.19 QALY; the semaglutide strategy accumulated a total cost US$73,321 and 1.23 QALY. The incremental
cost for empagliflozin was US$1,268 with an incremental effectiveness of 0.04 QALYs, or US$29,944/QALY. In
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Figure 2. Tornado diagram: empagliflozin versus semaglutide. Results of one-way sensitivity analyses for base case
displaying expected ICER based on variation of each listed model input.
ICER: Incremental cost–effectiveness ratio; MI: Myocardial infarction.
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one-way sensitivity analysis of this alternate case, only a semaglutide cost greater than US$28.19 per day resulted
in empagliflozin being preferred at a willingness-to-pay threshold of US$50,000/QALY. In probabilistic sensitivity
analysis, semaglutide was the preferred strategy in 53% of model iterations at a willingness-to-pay threshold of
US$50,000 per QALY, and in 56% of model iterations at a willingness-to-pay threshold of US$100,000 per QALY.

Discussion
In this Markov decision model, addition of 1 mg once-weekly sc. semaglutide was more likely to be cost-effective
compared with adding 25 mg daily oral empagliflozin to usual care for adults with uncontrolled Type 2 diabetes
and pre-existing cardiovascular disease. This result was sensitive to semaglutide cost, but wide variation of other
parameters did not alter this outcome at willingness-to-pay thresholds up to US$100,000 per QALY gained.

Prior work assessed the cost–effectiveness of SGLT2 inhibitors and GLP-1 receptor agonists, but have not
compared empagliflozin 25 mg daily with 1 mg once-weekly semaglutide in the US. Other studies utilized different
outcomes in cost–effectiveness analyses of these two medication classes, focusing on clinical end points such as
glycemic control and metabolic outcomes rather than cardiovascular outcomes. In the most similar prior cost–
effectiveness analysis, empagliflozin and weekly semaglutide were compared over a lifetime time horizon in the
Spanish healthcare setting using the IQVIA core diabetes model and included clinical outcomes including HbA1c,
BMI and systolic blood pressure derived from a network meta-analysis [10]. In this study, medication costs were
derived from wholesale purchase price in Spain, which resulted in daily costs for semaglutide of approximately
EUR 2.88 and EUR 1.10 for empagliflozin, which are substantially lower than medication costs in our analysis.
This may explain the finding that semaglutide cost EUR 625 per QALY compared with empagliflozin, well under
the proposed willingness-to-pay threshold of EUR 30,000/QALY and well below our results [10]. Another study
compared dapagliflozin to the general class effect of GLP-1 receptor agonists over a 1 year time horizon from
the US payer perspective, focusing on clinical end points including HbA1c, weight, systolic blood pressure and
hypoglycemia risk from another network meta-analysis, concluded that dapagliflozin was a cost-saving option when
compared with GLP-1 receptor agonists, with both lower cost and greater effectiveness [8]. These results may differ
from ours for a variety of reasons, including analysis of a different SGLT2 inhibitor, a shorter time horizon and
assessment of glycemic and metabolic outcomes rather than cardiovascular risk reduction.

Other cost–effectiveness analyses have taken approaches similar to ours by focusing on the effects of different
GLP-1 receptor agonists and SGLT2 inhibitors on cardiovascular outcomes rather than glycemic and metabolic
effects. Ramos et al. compared liraglutide to empagliflozin added to usual care using data from the EMPA-REG
and LEADER trials, taking a lifetime time horizon from the UK payer perspective using the IQVIA core diabetes
model [41]. This study found that, with both reduced direct lifetime cost and increase in QALYs, empagliflozin
was the dominant strategy when compared with liraglutide added to standard of care [41]. These favorable findings
for empagliflozin compared with liraglutide stand in contrast to our results comparing empagliflozin to weekly
semaglutide, in which semaglutide was the most likely preferred strategy; there are multiple possible reasons for
these differences, including different effects of liraglutide versus semaglutide on cardiovascular risk reduction and
medication costs, which were derived from the British National Formulary for this UK-based study [41]. In addition,
it is important to note that our cost–effectiveness analysis focuses on patients with Type 2 diabetes and comorbidities
similar to the patients in the landmark cardiovascular outcomes trials. Empagliflozin has been shown to have multiple
beneficial effects for patients with heart failure apart from treatment of diabetes [42], but this population was not the
focus of our analysis. Our approach does have limitations. First, we derived our strategy effect estimates from the
results of single trials, rather than from network meta-analyses. However, EMPA-REG and SUSTAIN-6 remain the
landmark cardiovascular outcome trials for each medication, and likely have substantial influence on the results of
all network meta-analyses. Second, we extrapolated results from these two distinct trials, which compared a single
medication to standard care, to compare these treatments to each other. While this is not optimal given differences
in trial populations and methodologies, we felt this was a reasonable approach in the absence of head-to-head
trials. Third, we focused on cardiovascular impacts of each strategy rather than glycemic control and metabolic
outcomes. As the benefit of GLP-1 receptor agonists and SGLT2 inhibitors preventing cardiovascular and renal
complications makes these medications unique among many options to treat Type 2 diabetes mellitus, we believe
this focus is warranted; however, it may limit comparability with other cost–effectiveness analyses which examine
different clinical outcomes. Finally, the intermediate 3-year time horizon taken in this analysis also differs from
the lifetime horizon frequently taken in other studies; however, given the follow-up duration for EMPA-REG
and SUSTAIN-6, we felt that this time horizon was more robustly supported by the data and would result in
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more conservative estimates of strategy costs and benefits. However, this may diminish the impact of reductions in
complications which have low incidence and take many years to develop, such as ESRD. One notable strength of
our work, which stands in contrast to many of the previously published studies, is a lack of industry funding or
association.

Our results indicate that for patients with uncontrolled Type 2 diabetes at with pre-existing cardiovascular disease,
once-weekly semaglutide is more likely cost-effective when compared with empagliflozin. In probabilistic sensitivity
analysis, semaglutide was favored in the majority of model iterations; however, it is notable that empagliflozin was
favored in over 40% of scenarios with varying model parameters, indicating that empagliflozin can be cost-effective in
many situations. Our model was most sensitive to semaglutide cost, reinforcing the relative importance of medication
cost compared with costs of acute and chronic complications in overall healthcare expenditures. Expanding
semaglutide use as add-on therapy for patients with uncontrolled Type 2 diabetes and cardiovascular disease may
improve cost–effectiveness of diabetes treatment for institutions such as the Veteran’s Health Administration and
other payer-provider systems. For organizations such as these, especially those which directly negotiate prescription
drug prices, prioritization of lowering medication costs rather than reducing costs of acute and chronic care for
disease complications may be a more effective approach to optimize cost–effectiveness. In this case, the Veteran’s
Health Administration recently secured a contract with the manufacturer to obtain semaglutide at a daily cost of
US$4.34 per day [19], which is substantially lower than the US$18 per day used from the Federal Supply Schedule
for our analysis and likely to further increase the cost–effectiveness of semaglutide compared with empagliflozin in
that setting.

In conclusion, this cost–effectiveness analysis of 1 mg once-weekly semaglutide compared with 25 mg daily
empagliflozin resulted in semaglutide being the preferred strategy at a willingness-to-pay threshold of US$50,000.
Results were most sensitive to semaglutide cost, and were durable in probabilistic sensitivity analysis with semaglutide
remaining preferred in 57% of model iterations. While both medications clearly have significant cardiovascular
and renal benefits, semaglutide may be the more cost-effective strategy for US patients with Type 2 diabetes with
pre-existing cardiovascular disease.

Summary points

• Semaglutide and empagliflozin are each known to have benefits in reducing cardiovascular complications for
patients with Type 2 diabetes.

• The cost–effectiveness of these two medications in the US healthcare system has not previously been examined.
• A Markov decision model estimated the impact of addition of empagliflozin versus subcutaneous semaglutide to

usual treatment for Type 2 diabetes using data from cardiovascular outcomes trials.
• In base case analysis, semaglutide was more likely cost-effective versus empagliflozin for patients with Type 2

diabetes and pre-existing cardiovascular disease.
• These results were durable in probabilistic sensitivity analysis with semaglutide remaining preferred in 57% of

model iterations.
• Cost–effectiveness of semaglutide is most sensitive to daily medication cost.
• These results suggest that lowering medication costs rather than reducing costs of acute and chronic care for

disease complications may be a more effective approach to optimize cost–effectiveness for large integrated
health networks, especially those which directly negotiate prescription drug prices.
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