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T ype 2 diabetes (T2D) is a chronic condition in which the body 

becomes resistant to insulin, causing glucose to build up 

in the blood.1 High blood glucose results in complications 

in a variety of organs, including the eyes, kidneys, nerves, and 

heart.1 T2D is among the most prevalent chronic diseases in the 

world today and accounts for 90% to 95% of all diabetes cases.2 

Twenty-one million Americans (8.6%) received a diagnosis of 

T2D in 2016.3 T2D is a multifactorial condition characterized by 

increasing chronic disability and higher risk of related conditions 

that contribute to increased patient morbidity and risk of mortality, 

such as cardiovascular disease (CVD) and obesity.1 It was the seventh 

leading cause of death in the United States in 2015, listed as the 

underlying cause for 79,535 deaths (2.9% of 2015 total mortality) 

and mentioned as a cause for 252,806 deaths (9.3%).2,4

Beyond exacting a large burden on individual patients, T2D 

imposes a substantial economic burden on health systems and the 

US population. In 2017, the total estimated cost of diagnosed diabetes 

was $327 billion, including $237 billion in direct medical costs and 

$90 billion in reduced productivity.5 The high cost of diabetes is 

driven by the substantial health care resource use in managing 

acute events and long-term complications.5 More than 21% of the 

7.2 million hospital discharges with diabetes in 2014 were for major 

CVD, with another 4% associated with diabetic ketoacidosis and 

lower-extremity amputation.2 Emergency department visits totaled 

14.2 million for hypo- and hyperglycemic events as well as other 

conditions for which diabetes was listed among the diagnoses.2

The goal of diabetes treatment is to manage blood glucose, which 

subsequently prevents or slows the progress of complications 

and their impact on quality of life.6 The 2018 guidelines from 

the American Diabetes Association (ADA) recommend a glycated 

hemoglobin A
1c

 (HbA
1c

) target of 6.5% to 8%, depending on patient 

characteristics and history of hypoglycemia and adverse events.7 

A threshold of 8% may be appropriate for patients with a history 

of severe hypoglycemia or advanced CVD complications who have 

not had success with previous glucose-lowering agents.7 

Patients with T2D are first treated with metformin monotherapy.7 

Although the ADA guidelines do not denote a specific preference 
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ABSTRACT

OBJECTIVES: Using a US payer perspective, this study 
aimed to compare the lifetime cost-effectiveness of adding 
sodium-glucose cotransporter 2 (SGLT2) inhibitors vs 
switching to glucagon-like peptide 1 receptor agonists 
(GLP-1 RAs) among patients with type 2 diabetes who were 
not at glycated hemoglobin A1c target after dual therapy with 
metformin and dipeptidyl peptidase-4 (DPP-4) inhibitors. 

STUDY DESIGN: The cost-effectiveness analysis was 
performed with the validated IQVIA Core Diabetes Model. 
Treatment effects were obtained from randomized clinical 
trials with economic data based on published literature.

METHODS: Risk of treatment-emergent adverse events 
and complications were simulated using submodels 
informed by published risk equations adjusted for patient 
characteristics, physiological parameters, and history of 
complications. Outcomes included cumulative incidence of 
micro- and macrovascular complications, life-years (LYs), 
quality-adjusted life-years (QALYs), and total costs. Scenario 
analyses were performed to assess robustness of results to 
variations in clinical and cost inputs and assumptions.

RESULTS: Over a lifetime time horizon, adding an SGLT2 
inhibitor dominated the strategy of switching to a GLP-1 
RA, improving survival by 0.049 LYs and 0.026 QALYs, and 
was associated with cost savings of $9511. The majority 
of the scenario analyses confirmed dominance of the 
DPP-4 inhibitor + SGLT2 inhibitor pathway vs the GLP-1 RA 
pathway. The probabilistic sensitivity analysis reinforced the 
base-case finding of cost savings while gaining QALYs.

CONCLUSIONS: Intensification with an SGLT2 inhibitor on 
top of a DPP-4 inhibitor demonstrated slightly better efficacy 
and cost savings compared with switching to a GLP-1 RA 
in patients not at glycemic goal with metformin and a 
DPP-4 inhibitor.
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for add-on therapies, sulfonylurea has been frequently prescribed 

after metformin because of its low cost and availability of long-term 

safety data.8 However, a 2010 meta-analysis revealed significant 

risk of hypoglycemia with sulfonylurea compared with placebo.9 

Dipeptidyl peptidase-4 (DPP-4) inhibitors have been demonstrated 

to be at least as effective as sulfonylurea in glycemic control without 

increased risk of hypoglycemia and have become a commonly 

used add-on therapy among patients with T2D whose HbA
1c

 is not 

at goal levels with metformin monotherapy.7,10 Evidence has also 

indicated lower all-cause mortality and fewer CVD events with 

DPP-4 inhibitors.11

For patients who fail to reach target HbA
1c

 on metformin plus a 

DPP-4 inhibitor, there are many treatment options for intensification, 

which could include adding an oral therapy such as a sodium-

glucose co-transporter 2 (SGLT2) inhibitor or switching to other 

products such as a glucagon-like peptide 1 receptor agonist (GLP-1 

RA).7 Whereas GLP-1 RAs are not recommended for concurrent use 

with DPP-4 inhibitors,7 recent clinical trials of third-line therapy 

have demonstrated a clinical benefit of combinations with DPP-4 

inhibitors and SGLT2 inhibitors that is significantly greater than 

the use of each individual component with metformin.12-18 With 

emerging evidence on the clinical benefits and cardioprotective 

effects of SGLT2 inhibitors, it is expected that treatment pathways 

for patients who fail on metformin with DPP-4 inhibitors may 

increasingly consider triple-therapy combinations.19-21

With the variety of treatment options that could be recommended 

by physicians along the treatment pathway in real-world practice, it 

may be difficult for clinical trials to capture the complete picture of 

every possible combination and sequence of treatments. However, 

it is vital to understand the comparative performance and the 

associated economic outcomes for treatment options to ensure that 

key health care decision makers can support the use of products 

that bring the most value to patients and health care systems. This 

study aimed to compare from a US payer perspective the projected 

lifetime outcomes and costs of 2 treatment intensification pathways 

in treating patients with T2D who have failed on dual therapy. After 

failure to achieve goal on dual therapy with metformin and a DPP-4 

inhibitor, we explored adding an SGLT2 inhibitor compared with 

switching from the DPP-4 inhibitor to a GLP-1 RA prior to initiation 

of insulin to examine the relative impact of 

triple therapy with metformin, DPP-4 inhibitor, 

and SGLT2 inhibitor vs dual therapy composed 

of metformin and GLP-1 RA.

METHODS
Model Structure

The analysis was performed using the IQVIA 

Core Diabetes Model (CDM) version 9.0, which is 

a thoroughly validated internet-based computer 

simulation that uses annual cycles to predict 

long-term health outcomes and costs in patients 

with T2D.22-24 The CDM is product agnostic; it starts with a predefined 

patient cohort and follows these patients over time. Baseline patient 

characteristics, physiological parameters (eg, HbA
1c

, blood pressures, 

lipids, body weight), past history of complications, and other 

relevant clinical parameters feed into risk equations represented 

by a series of 17 submodels. Each submodel is a combination of 

semi-Markov structures and Monte Carlo simulations that predicts 

diabetes complications and treatment-emergent adverse events 

(AEs) that include, but are not limited to, congestive heart failure, 

myocardial infarction, stroke, end-stage renal disease, lower 

extremity amputation, and hypoglycemia. In addition to event 

prediction, the CDM also calculates life-years (LYs), quality-adjusted 

life-years (QALYs), and total costs. This analysis used the United 

Kingdom Prospective Diabetes Study (UKPDS) 82 risk equations 

and other physiological parameters progressed primarily based 

on the Framingham Heart Study.25,26

The analysis took a US third-party payer perspective over a 50-year 

(lifetime) time horizon. Direct medical costs (intervention, treatment 

of diabetes complications, and management of treatment-emergent 

AEs) were included. A 3% annual discount rate was applied to costs 

and outcomes based on US best practices.27 All analyses were run 

with 1000 patients for 1000 iterations.

Patient Population

The model cohort was patients who were not at HbA
1c

 goal on 

metformin and who had intensified to dual therapy, to represent the 

appropriate target population for this type of therapy intensifica-

tion in the United States. The baseline patient characteristics were 

derived from the GE Centricity electronic medical record (EMR) 

database (Merck & Co Inc; GE Centricity EMR: Januvia Diabetes 

Economic Program [JADE] cohort data on file), supplemented by 

the relevant clinical trials (Merck & Co Inc; ertugliflozin clinical 

trial program [VERTIS] data on file). This population matches the 

population entering the model on the metformin + DPP-4 inhibitor 

combination in both arms. Note that due to the use of a network 

meta-analysis to obtain class-level effects for the metformin + 

DPP-4 inhibitor combination,28-32 population characteristics for the 

specific clinical data were not available. Therefore, these general 

population data were considered most appropriate to reflect the 

TAKEAWAY POINTS

Treatment intensification with sodium-glucose co-transporter 2 (SGLT2) inhibitors demonstrated 
slightly better efficacy and cost savings compared with switching to glucagon-like peptide 1 
receptor agonists (GLP-1 RAs):

 › The SGLT2 inhibitor + dipeptidyl peptidase-4 (DPP-4) inhibitor pathway showed slightly 
better quality-adjusted life-years; cost savings were driven by lower medication costs with 
SGLT2 inhibitor therapy compared with GLP-1 RAs.

 › Scenarios that tested differences in drug costs, clinical parameters, and cardiovascular 
effects confirmed the cost savings with the DPP-4 inhibitor + SGLT2 inhibitor pathway.

 › For patients who fail to achieve glycemic control on metformin plus a DPP-4 inhibitor, 
intensification by adding an SGLT2 inhibitor to the combination before moving to insulin could 
be a cost-saving strategy compared with switching from a DPP-4 inhibitor to a GLP-1 RA.
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US cohort eligible for these intensification pathways. Starting HbA
1c

 

was 8.37%, with a mean age of 57.93 years. Full details are available 

in eAppendix Table 1 (eAppendix available at ajmc.com).

Treatment Pathways, Effects, and Dosing

The model compared 2 intensification pathways for patients on 

DPP-4 inhibitors in combination with metformin who were not at 

HbA
1c

 target (7.5%). Treatment pathway 1 added SGLT2 inhibitor to 

metformin + DPP-4 inhibitor (metformin + DPP-4 inhibitor + SGLT2 

inhibitor), whereas treatment pathway 2 switched patients from 

DPP-4 inhibitor to GLP-1 RA (metformin + GLP-1 RA). Upon failure to 

achieve glycemic control, patients in pathway 1 dropped the SGLT2 

inhibitor and added basal insulin, and patients in pathway 2 added 

basal insulin to their current treatments.33 Patients transitioned 

to metformin in combination with basal and bolus insulin upon 

further treatment failure. Failure to achieve glycemic control is 

defined equivalently as HbA
1c

 of 7.5% or higher in both pathways, 

with HbA
1c

 progressing according to UKPDS equations.25 Figure 1 

depicts the full treatment pathways.

Clinical inputs for treatments within each pathway were aligned 

with published randomized clinical trials (RCTs) or meta-analyses 

of RCTs. Where available, information on class effects derived 

from large meta-analyses was used to produce more generalizable 

output. With regards to SGLT2 inhibitors, specifically, a recent 

meta-analysis found no differences between ertugliflozin and other 

SGLT2 inhibitors in this combination therapy setting, excepting 

only dapagliflozin 10 mg, which was less effective when added to 

sitagliptin and metformin.34 Treatment effects on CVD outcomes 

were not included in pivotal trials or existing meta-analyses; 

therefore, they were omitted from the base-case analysis and 

reserved for scenario analysis. This was considered appropriate 

because CVD benefits reflect targeted safety studies performed in 

populations with high CVD risk rather than the target population for 

this study20,35 and do not reflect the specific combination therapies 

in the pathway. However, scenario analysis permits exploration of 

outcomes when assuming a single dominant effect (eg, the CVD 

benefit of SGLT2 inhibitor only in the triple-therapy combination), 

as well as that the magnitude of benefit in a high-risk population 

applies to the general T2D population.

Dosing for each regimen reflected the prescribing information, 

except for insulin.36 Insulin glargine represented basal insulin, and 

a daily dose of 53.2 IU/day was applied when used in combination 

with DPP-4 inhibitor or GLP-1 RA in both treatment pathways.33 

When glargine was used in combination with bolus insulin, a 

daily dose of 61.3 IU/day was applied.33 Dosage for bolus insulin 

(represented by insulin aspart) was 0.2 IU/kg based on a National 

Institute for Health and Care Excellence Assessment Group report 

of SGLT2 inhibitors.37 The total daily dose of bolus insulin (17.0 IU) 

was estimated using the body weight of patients in the ertugliflozin 

clinical trial program (Merck & Co Inc; ertugliflozin clinical trial 

program [VERTIS] data on file).

Utilities and Disutilities

Utilities and disutilities reflected previously published US default 

estimates for a T2D population.38-42 The utility value for a patient 

with T2D without any complications was 0.785.38 Acute events were 

associated with decrement in utilities (disutilities), following which 

the patient changed health state and was assigned a different utility. 

In the case of multiple events occurring in a single model cycle, the 

lowest adjusted utility was applied for the period of the event. The 

disutility for nonsevere hypoglycemic events was estimated using 

a diminishing approach derived from Lauridsen et al.43

Costs

Annual treatment costs were calculated based on the dosing of each 

treatment, with wholesale acquisition costs (in 2018 US$) derived 

from the Medi-Span PriceRx database.44 Costs of the fixed-dose 

combinations (FDCs) were used for DPP-4 inhibitor + SGLT2 inhibitor 

where applicable. Costs of individual drugs were weighted by the 

market distribution within each drug class to estimate the class 

Met + insulin 
(basal + bolus)

Met + insulin 
(basal + bolus)

FIFTH LINE

Met + GLP-1 RA 
(class) + insulin 

glargine

Met + DPP-4 
inhibitor (class) + 
insulin glargine

FOURTH LINE

Met + GLP-1 RA 
(class)

THIRD LINE

Met + DPP-4 
inhibitor (class) 

+ SGLT2 inhibitor 
(class)

Met + DPP-4 
inhibitor (class)

SECOND LINE

Met + DPP-4 
inhibitor (class)

GLP-1 RA 
pathway

DPP-4 inhibitor 
+ SGLT2 

inhibitor pathway

Patients with T2D 
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FIGURE 1.  Treatment Pathways

DPP-4, dipeptidyl peptidase-4; GLP-1 RA, glucagon-like peptide 1 receptor agonist; met, metformin; SGLT2, sodium-glucose co-transporter 2; T2D, type 2 diabetes. 
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costs. Similarly, the FDC options available for DPP-4 inhibitor + 

SGLT2 inhibitor were also weighted by the relative market share 

(Merck & Co Inc; market distribution data on file).

For insulin regimens, the costs of test strips, lancets, and needles 

were included. Frequency of use was based on published literature 

or assumptions about typical usage per clinical expert opinion.45 

Patients on basal insulin were assumed to require 1 lancet, 0 needles, 

and 2.7 test strips per day. Patients on basal + bolus insulin were 

assumed to require 1 lancet, 2 needles, and 2.7 test strips per day. 

Unit costs of these resources were based on the ADW Diabetes 

website and the CMS durable medical equipment file.46,47

T2D management costs were included. For complications or 

procedures with a clear description of drug or resource use, PriceRx 

and Medicare fee schedules were used.44,48,49 For other complications 

(eg, CVD, renal, neuropathy, foot ulcer), costs per event from the 

published literature were used, inflated to 2018 US$.50

Scenario and Sensitivity Analyses

Scenario analyses were conducted to explore the impact of alterna-

tive inputs and assumptions.

• The cost inputs were tested for the DPP-4 inhibitor + SGLT2 

inhibitor treatment. Separate ingredients costs for DPP-4 

inhibitor and SGLT2 inhibitor (weighted for drug classes) were 

used instead of weighted FDC, increasing the annual treatment 

cost to $10,739.23.

• To account for treatment effects on CVD, literature-based risk 

reductions (RRs) for events (heart failure, myocardial infarc-

tion, and stroke) were used to adjust the CVD effects across 

lines of therapy.

• The upper or lower CIs of the key treatment effects (HbA
1c

 or body 

mass index [BMI], one at a time) across all lines of therapy were 

applied based on the clinical studies used in base case analysis.

• The disutility for gastrointestinal (GI) distress (nausea) during 

metformin + GLP-1 RA treatment was incorporated as an incre-

mental effect vs metformin + DPP-4 inhibitor. The GI-related 

disutility was –0.04 and affected 14% more patients with 

GLP-1 RA treatment compared with those on DPP-4 inhibitor, 

which produced a weighted disutility of –0.0066 per patient 

per event.51,52

• Impact of adherence to GLP-1 RA and DPP-4 inhibitor was 

explored by assuming that nonadherent patients had a mean 

proportion of days covered (PDC) of 79% (ie, these patients only 

filled 79% of their prescriptions), which affected only medica-

tion costs and HbA
1c

 (but not the other clinical parameters). For 

DPP-4 inhibitor, 66% of patients were nonadherent, with an 

HbA
1c

 benefit of –0.51%. For GLP-1 RA, the nonadherence rate 

was 71%, with an HbA
1c

 benefit of –0.52%.53

Probabilistic sensitivity analysis (PSA) was also conducted, 

accounting for intrinsic variation of input parameters. Sampling was 

performed according to published standard errors and designated 

parametric forms (see eAppendix Tables 1, 2, and 4 for included 

parameters and distribution information). Although there is no 

official value for the willingness-to-pay threshold for an interven-

tion in the United States, historically cited values such as $50,000 

and $100,000 per QALY are currently thought to be low.54 A 2008 

review on cost-effectiveness of reimbursed interventions showed 

an implicit threshold range of $109,000 to $294,000 per QALY.55 

The Institute for Clinical and Economic Review applies a range of 

$50,000 to $150,000 per QALY in US cost-effectiveness reviews.56 

In addition, pharmacy benefit management organizations have 

made efforts to set and use thresholds when assessing value. For 

example, CVS Caremark published in 2018 that a $100,000/QALY 

threshold would be used to determine patient access to drugs.57

Detailed population characteristics, treatment costs, and utility 

inputs may be found in Table 114,33,37-39,41,43,44 and eAppendix Tables 1, 

2, and 3. Clinical inputs may be viewed in Table 2,14,20,28-33,35,58-60 with 

additional detail in eAppendix Table 4. 

RESULTS
Base-case results are shown in Table 3. Health outcomes were 

similar between the 2 treatment pathways. Addition of an SGLT2 

inhibitor while remaining on dual therapy with DPP-4 inhibitor was 

associated with lower rates of microvascular and macrovascular 

complications overall, longer survival (0.049 incremental LYs), 

and better quality of life (0.026 incremental QALYs) compared with 

switching to GLP-1 RA over a lifetime time horizon. Total lifetime 

medical costs were reduced by $9511 when keeping patients on 

DPP-4 inhibitor + SGLT2 inhibitor. The cost difference between 

pathways was predominantly driven by the difference in accrued 

medication costs ($9086), reflecting the less costly FDC price 

for DPP-4 inhibitor + SGLT2 inhibitor in the metformin + DPP-4 

inhibitor + SGLT2 inhibitor combination ($6472/year) vs metformin 

+ GLP-1 RA ($8369/year) (eAppendix Table 4). The incremental 

cost-effectiveness ratio (ICER) results indicated that remaining on 

DPP-4 inhibitor and adding SGLT2 inhibitor dominated the strategy 

of switching to GLP-1 RA.

In most scenarios, the DPP-4 inhibitor + SGLT2 inhibitor pathway 

remained dominant or was associated with an ICER below the 

thresholds accepted by decision makers (Table 3). The cost scenario 

using individual ingredient costs instead of FDC resulted in a higher 

cost to the DPP-4 inhibitor + SGLT2 inhibitor treatment pathway, which 

produced an ICER of $76,487/QALY. The upper CI of BMI scenario and 

the CVD scenario both resulted in fewer QALYs for the DPP-4 inhibitor 

+ SGLT2 inhibitor pathway vs the GLP-1 RA pathway, driven by the 

relative effect for GLP-1 RA treatment after applying the adjustments; 

the QALY differences are very low (–0.067 and –0.044, respectively) 

and the DPP-4 inhibitor + SGLT2 inhibitor remained cost-saving. All 

remaining scenarios demonstrated greater QALY benefits and cost 

savings with the DPP-4 inhibitor + SGLT2 inhibitor pathway.

The PSA reinforced the base-case finding of cost savings across 

97% of iterations, and 56% of these cost-saving simulations also 
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showed slightly better QALY results (ie, the DPP-4 inhibitor + 

SGLT2 inhibitor pathway dominated the GLP-1 RA pathway). The 

incremental QALYs ranged across the axis, with the DPP-4 inhibitor 

+ SGLT2 inhibitor pathway having better QALY results in 57.5% of 

the simulations (Figure 2).

DISCUSSION
The current analysis shows that for patients not at goal with 

metformin and DPP-4 inhibitor, intensification with SGLT2 inhibitor 

is likely a cost-effective alternative compared with switching to 

metformin + GLP-1 RA. PSA and scenario analyses confirmed that 

model results remained robust and consistent with the base-case 

findings of cost-effectiveness for triple therapy with DPP-4 inhibitor 

and SGLT2 inhibitor.

When considering separate ingredient costs, DPP-4 inhibitor + 

SGLT2 inhibitor costs increased, with the resulting ICERs below the 

accepted threshold. Note that because ingredient costs are fixed fees, 

these are not varied in PSA; therefore, uncertainty around the ICER 

for this scenario would appear similar to the base case (Figure 2) but 

shifted upward on the cost axis. Univariate scenario analyses on 

clinical parameters (HbA
1c

, BMI, CVD, disutilities of AEs) revealed 

that GLP-1 RA may lead to a very minor improvement in outcomes 

(range of 0.044 to 0.067 gain in QALYs compared with the DPP-4 

inhibitor + SGLT2 inhibitor pathway) if BMI reduction or RRs for CVD 

effects were assumed to be the most favorable. However, the pathway 

with DPP-4 inhibitor and SGLT2 inhibitor remained cost-saving in 

all scenarios and showed incremental outcome improvements over 

GLP-1 RA in all other univariate scenarios explored. When consid-

ering adherence, total treatment costs of both pathways decreased 

because patients did not fill all their prescriptions. Survival was 

projected to be smaller for both pathways compared with the base 

case, with greater drop for the GLP-1 RA pathway given the higher 

proportion of nonadherent patients. The DPP-4 inhibitor + SGLT2 

inhibitor pathway remained dominant.

To the authors’ knowledge, no published cost-effectiveness 

analyses have compared the treatment pathways studied in this 

analysis. A recently published analysis by Pawaskar et al compared 

DPP-4 inhibitor + SGLT2 inhibitor with direct intensification with 

insulin in the United States.42 This study’s results showed that the 

projected long-term benefits of a sequential pathway with branded 

oral medication including DPP-4 inhibitor and subsequent addition 

of SGLT2 inhibitor prior to insulin initiation was cost-effective.42 

Our study took a similar approach to compare 2 treatment pathways 

with therapy intensification. It confirmed that intensification 

with SGLT2 inhibitor was projected to improve outcomes among 

patients on metformin + DPP-4 inhibitor dual therapy who did not 

meet the HbA
1c

 target. Different from previous work, the current 

analysis compared pathways with branded products, examining 

triple therapy with DPP-4 inhibitor/SGLT2 inhibitor vs dual therapy 

of metformin + GLP-1 RA. We used a published, comprehensive 

meta-analysis for GLP-1 RA inputs, which represented class effects 

TABLE 1. Key Model Inputs14,33,37-39,41,43,44

Input Value Source

Baseline characteristics

Start age in years, mean (SD) 57.93 (11.87) a

Duration of diabetes in years, mean (SD) 2.49 (3.58) a

Male, % 52% a

HbA1c in %, mean (SD) 8.37 (1.84) a

SBP in mm Hg, mean (SD) 130.93 (16.90) a

BMI in kg/m2, mean (SD) 34.40 (7.87) a 

Annual treatment costs

DPP-4 inhibitor + SGLT2 inhibitor pathway

Metformin + DPP-4 inhibitor (class) $5083.46 37

Metformin + DPP-4 inhibitor (class) 
+ SGLT2 inhibitor (class)

$6471.72 37

Metformin + DPP-4 inhibitor (class) 
+ insulin glargine

$10,099.17 33,37

Metformin + insulin glargine  
+ bolus insulin

$7753.25 14,33,37

GLP-1 RA pathway

Metformin + DPP-4 inhibitor (class) $5083.46 37

Metformin + GLP-1 RA $8369.24 37

Metformin + GLP-1 RA + insulin glargine $13,384.96 33,44

Metformin + insulin glargine  
+ bolus insulin

$7753.25 14,33,37,44

Utility inputs

Baseline utility 0.785 38

Utility myocardial infarction 0.730 38

Utility angina 0.695 38

Utility congestive heart failure 0.677 38

Utility stroke event 0.621 38

Utility hemodialysis 0.621 38

Utility peritoneal dialysis 0.581 38

Utility background diabetic retinopathy 0.745 38

Utility proliferative diabetic retinopathy 0.715 38

Utility severe vision loss 0.711 38

Utility neuropathy 0.701 38

Utility active ulcer 0.615 38

Utility amputation event 0.505 38

Disutility nonsevere hypoglycemic event
Diminishing 

approach
43

Disutility SHE1 (during daytime or nocturnal) –0.0183 41

Disutility SHE2 (during daytime) –0.0550 39

Disutility SHE2 (nocturnal) –0.0570

BMI, body mass index; DPP-4, dipeptidyl peptidase-4; GLP-1 RA, glucagon-
like peptide 1 receptor agonist; HbA1c, glycated hemoglobin A1c; SBP, systolic 
blood pressure; SGLT2, sodium-glucose co-transporter 2; SHE1, severe 
hypoglycemic event requiring third-party nonmedical assistance; SHE2, 
severe hypoglycemic event requiring medical assistance.
aMerck & Co Inc; GE Centricity EMR: Januvia Diabetes Economic Program 
(JADE) cohort data on file.
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TABLE 2. Treatment Effects14,20,28-33,35,58-60

Therapy
HbA1c change 

(%), SE
BMI change 
(kg/m2), SE

Hypoglycemia 
rate (/100 PY)

SBP 
(mm Hg), SE

DBP 
(mm Hg)

Cardiovascular effect (RR) 
vs placebo Sources

DPP-4 inhibitor + SGLT2 inhibitor pathway

Metformin + DPP-4 
inhibitor (class) 

–0.65 0.04 NSHE: 7.28 –3.04 –1.47 Heart failure: 1.016 28-32

Metformin + DPP-4 
inhibitor (class)  
+ SGLT2 inhibitor (class)

–0.86 –1.07 NSHE: 3.88 –4.82 –1.81
Heart failure: 0.63

Myocardial infarction: 0.89
Stroke: 0.82

14,20

Metformin + DPP-4  
inhibitor (class) 
+ insulin glargine

–1.88 0.56
NSHE: 145.43

SHE1: 9.11
SHE2: 0.46

–0.44 –0.303
Myocardial infarction: 2.12

Stroke: 1.38
20,33,35

Metformin + insulin 
glargine + bolus insulin

–1.50 1.27 NSHE: 784.43 0 0 NA 58,59

GLP-1 RA pathway

Metformin + DPP-4 
inhibitor (class) 

–0.65 0.04 NSHE: 7.28 –3.04 –1.47 Heart failure: 1.016 28-32

Metformin + GLP-1 RA –1.30 –0.63 NSHE: 5.94 0 0 Myocardial infarction: 0.842 31,35

Metformin + GLP-1 RA 
+ insulin glargine

–0.76 –0.53
NSHE: 145.43

SHE1: 9.11
SHE2: 0.46

0 0
Myocardial infarction: 2.12

Stroke: 1.38
20,33,35,60

Metformin + insulin 
glargine + bolus insulin

–1.50 1.27 NSHE: 784.43 0 0 NA 58,59

BMI, body mass index; DBP, diastolic blood pressure; DPP-4, dipeptidyl peptidase-4; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HbA1c, glycated hemoglobin 
A1c; NA, not applicable; NSHE, nonsevere hypoglycemic event; PY, patient-years; RR, risk reduction; SBP, systolic blood pressure; SGLT2, sodium-glucose co-
transporter 2; SHE1, severe hypoglycemic event requiring third-party nonmedical assistance; SHE2, severe hypoglycemic event requiring medical assistance.

TABLE 3. Base Case and Scenario Analysis Results

Analysis

DPP-4 inhibitor  
+ SGLT2 inhibitor pathway GLP-1 RA pathway Incremental

ICER/QALYCosts LYs QALYs Costs LYs QALYs Costs LYs QALYs

Base case $142,464 14.334 9.722 $151,975 14.285 9.696 –$9511 0.049 0.026
DPP-4 inhibitor + SGLT2 

inhibitor pathway dominates

DPP-4 inhibitor/SGLT2 
inhibitor separate 
component price

$153,925 14.334 9.722 $151,975 14.285 9.696 $1950 0.049 0.026 $76,487/QALY

GI distress disutilities $142,464 14.334 9.722 $151,975 14.285 9.673 –$9511 0.049 0.049
DPP-4 inhibitor + SGLT2 

inhibitor pathway dominates

HbA1c lower 95% CI 
across all lines of therapy

$140,995 14.325 9.7 $147,986 14.249 9.653 –$6992 0.076 0.047
DPP-4 inhibitor + SGLT2 

inhibitor pathway dominates

HbA1c upper 95% CI 
across all lines of therapy

$141,005 14.368 9.771 $151,975 14.325 9.732 –$10,970 0.043 0.039
DPP-4 inhibitor + SGLT2 

inhibitor pathway dominates

BMI lower 95% CI 
across all lines of therapy

$142,411 14.319 9.687 $152,035 14.234 9.560 –$9623 0.085 0.127
DPP-4 inhibitor + SGLT2 

inhibitor pathway dominates

BMI upper 95% CI 
across all lines of therapy

$142,435 14.356 9.761 $152,019 14.334 9.828 –$9584 0.022 –0.067 Lower cost, lower benefit

CVD effects (see Table 2) $140,515 14.089 9.607 $150,864 14.139 9.651 –$10,349 –0.050 –0.044 Lower cost, lower benefit

Nonadherence $141,709 14.319 9.710 $148,950 14.207 9.587 –$7241 0.112 0.123
DPP-4 inhibitor + SGLT2 

inhibitor pathway dominates

BMI, body mass index; CVD, cardiovascular disease; DPP-4, dipeptidyl peptidase-4; GI, gastrointestinal; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HbA1c, 
glycated hemoglobin A1c; ICER, incremental cost-effectiveness ratio; LY, life-year; QALY, quality-adjusted life-year; SGLT2, sodium-glucose co-transporter 2.



VOL. 27, NO. 8  e275THE AMERICAN JOURNAL OF MANAGED CARE®

Cost-effectiveness of SGLT2 Inhibitor Intensification in T2D

that made conclusions generalizable. In addition, outcomes with 

CVD effects were explored in a scenario analysis. However, the CVD 

literature for the specific population and combination regimens 

(eg, SGLT2 inhibitor as add-on to combination therapy with DPP-4 

inhibitor) is currently scarce; formal evidence synthesis of these 

particular data is needed to understand the potential class effect.

Limitations

As with any modeling study, this analysis has some limitations, 

primarily linked to data availability. First, there are no head-to-

head data or common source for the comparison of interest. A 

large meta-analysis was used where feasible to provide class-level 

treatment effects, and PSA and scenario analyses were utilized to 

test the impact of modeling assumptions and uncertainty in model 

parameters. No RCT was available for the order of intensification 

with metformin + GLP-1 RA + glargine, and thus proxy data with 

the same ingredients were utilized. Additionally, assumptions 

were made regarding clinically appropriate hypoglycemic event 

rates to address concerns about equivalent event reporting (eg, 

for metformin + GLP-1 RA + glargine, this rate was assumed to not 

differ from the Roussel 2019 intervention arm33). Second, certain 

scenarios were exploratory in nature due to limited data. For 

the nonadherence scenario, mean PDC was not available in the 

literature, so assumptions were made that nonadherent patients 

had a PDC of 79%. Similarly, nonadherence data were not available 

for all lines of therapy, and therefore the current analysis should 

be considered directional only. When assessing CVD effect, due to 

limited information about combination therapies, the CVD effect for 

1 therapy was applied to the treatment combination. For example, 

SGLT2 inhibitor effect was assumed for patients taking metformin 

+ DPP-4 inhibitor + SGLT2 inhibitor, and CVD risk for patients on 

glargine was assumed to not vary in terms of concurrent treatment 

with DPP-4 inhibitor or GLP-1 RA. No independent reduction in 

CVD mortality was implemented in order to remain conservative 

and avoid any potential for double counting. Future analyses with 

CVD effects for the combination therapy of interest and relevant to 

the population would provide valuable insight into the true cost-

effectiveness of these pathways. An ideal future analysis would also 

incorporate potential for renal protective effects. Recent studies, 

including CREDENCE,61 have also found renal protective effects for 

SGLT2 inhibitors that were omitted from the current analysis. The 

omission was due to 2 factors: Version 9.0 of the IQVIA CDM was 

not equipped to explore these effects, nor were the effects found 

in the specific triple combination therapy of interest. This remains 

conservative in limiting the potential benefits of the SGLT2 inhibitor 

combination therapy, and thus such an analysis would be expected 

Base case:
∆Cost: –$9511
∆QALY: 0.026

NW quadrant: 0% NE quadrant: 3% 
(all below WTP)

SW quadrant: 43% SE quadrant: 55%
−$20,000

−$15,000

−$10,000

−$5000

$0

$5000

$10,000

−0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8

In
cr

em
en

ta
l c

os
ts

Incremental QALYs

FIGURE 2. Cost-effectiveness Scatter Plota

NE, northeast; NW, northwest; SE, southeast; SW, southwest; QALY, quality-adjusted life year; WTP, willingness to pay.
aPercentages may not add up to 100% due to rounding. $100,000/QALY is used here. 
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to strengthen the current findings. Lastly, the costs per class reflected 

market weighted averages and did not necessarily align with each 

particular regimen. However, they may appropriately represent the 

overall market in the United States. In addition, branded list prices 

were used; although these rarely match the cost to a payer due to 

discounts, details of which are not publicly available, they provide 

insight into the relative costs. Moreover, a recent evidence report 

by the Institute for Clinical and Economic Review suggested that 

across payers, average discounts might increase the incremental 

difference between the metformin + DPP-4 inhibitor + SGLT2 

inhibitor combination in comparison with the metformin + GLP-1 

RA regimen,62 and therefore this analysis without ingredient cost 

discounts may be considered a reasonable initial examination of 

the cost-effectiveness between these 2 pathways.

CONCLUSIONS
Although this study is subject to limitations inherent in any 

modeling exercise, it provides new, important information on how 

alternative treatment intensification pathways in T2D can affect 

long-term patient health outcomes and direct medical costs. By 

combining high-quality RCT and network meta-analysis data with 

a well-validated multifactorial model in T2D, this study allows for 

a comparative view of treatment combinations that has not been 

directly studied in clinical research and considers the long-term 

cost and efficacy implications of treatment selection. In particular, 

this study suggests that overall health outcomes are similar between 

pathways, with the base-case analysis showing a small benefit with 

DPP-4 inhibitor + SGLT2 inhibitor at lower total cost. Cost savings 

are primarily driven by differences in medication costs. Considering 

these findings together, triple therapy with DPP-4 inhibitor and 

SGLT2 inhibitor is projected to bring additional benefit at a lower cost 

compared with intensification with GLP-1 RA in patients who fail 

to achieve glycemic control with metformin and DPP-4 inhibitor. n
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eAppendix Table 1. Complete Baseline Characteristics 

Parameter  Value SD Source 

Patient demographics    

Start age (years) 57.93 11.87 a 

Duration of diabetes (years) 2.49 3.58 a 

% Male 52%  a 

    

Baseline risk factors    

Hemoglobin A1c (%) 8.37 1.84 a 

Systolic blood pressure (mm Hg) 130.93 16.90 a 

Diastolic blood pressure (mm Hg) 77.76 7.36 14 

Total cholesterol (mg/dL) 181.79 42.81 14 

High-density lipoprotein cholesterol (mg/dL) 42.94 11.52 a 

Low-density lipoprotein cholesterol (mg/dL) 99.53 37.21 14 

Triglycerides (mg/dL) 143.34 80.88 14 

Body mass index (kg/m²) 34.40 7.87 a 

Estimated glomerular filtration rate (ml/min/1.73m2) 87.20 18.50 14 

Hemoglobin (gr/dl) 13.83 1.24 14 

White blood cell (10^6/ml) 7.44 1.91 14 

Heart rate (bpm) 70.50 10.70 14 

Waist to hip ratio 0.90 0.00 b 

Urinary albumin creatinine ratio (mg/mmol) 77.50 15.00 25 

Serum creatinine (mg/dL) 0.82 0.18 14 



Serum albumin (g/dL) 4.47 0.28 14 

Smoker (%)  0.19  c 

Cigarettes/day  11.40  c 

Alcohol consumption (oz/week) 7.54  d 

    

Racial characteristics    

White (%) 82%  a 

Black (%) 16%  a 

Hispanic (%) 0%  a 

Native American (%) 0%  a 

Asian, Pacific Islander (%) 2%  a 

    

Complications    

Myocardial infarction (%) 2.90%  14 

Angina (%) 3.40%  14 

Peripheral vascular disease (%) 0.30%  14 

Stroke (%) 1.10%  14 

Heart failure (%) 0.80%  14 

Atrial fibrillation (%) 1.50%  14 

Left ventricular hypertrophy (%) 0.50%  14 

Microalbuminuria (%) 1.70%  14 

Gross proteinuria (%) 0.60%  14 

End-stage renal disease (%) 0.00%  14 



Background diabetic retinopathy (%) 3.80%  14 

Proliferative diabetic retinopathy (%) 0.00%  14 

Severe vision loss (%) 0.40%  14 

Macular edema (%) 0.00%  14 

Cataract (%) 6.30%  14 

Uninfected ulcer (%) 0.00%  14 

Infected ulcer (%) 0.00%  14 

Healed ulcer (%) 0.00%  14 

History of amputation (%) 0.20%  14 

Neuropathy (%) 12.50%  14 

Depression (%) 5.40%  14 

Abbreviations: SD, standard deviation 

Note: Population characteristics are varied according to a normal distribution in PSA, except 
for triglycerides (gamma distribution). 
 
aMerck & Co Inc; GE Centricity EMR: Januvia Diabetes Economic Program (JADE) cohort data 

on file. 
bFolsom AR, Chambless LE, Duncan BB, Gilbert AC, Pankow JS; Atherosclerosis Risk in 

Communities Study Investigators. Prediction of coronary heart disease in middle-aged adults 

with diabetes. Diabetes Care. 2003;26(10):2777-2784. doi:10.2337/diacare.26.10.2777 
cAdult smoking habits in Great Britain: 2014. Office for National Statistics. February 18, 2016. 

Accessed September 15, 2018. 
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandlifeexpec

tancies/bulletins/adultsmokinghabitsingreatbritain/2014 
dGlobal status report on alcohol and health 2014. World Health Organization. Accessed February 

15, 2020. 

https://apps.who.int/iris/bitstream/handle/10665/112736/9789240692763_eng.pdf;jsessionid=9D

B318A94CF1519264ECD61474FBD847?sequence=1 



eAppendix Table 2. Detailed Utility Inputs 

  Mean SE Source 

Utility type 2 diabetes mellitus no complications  0.785 0.01 38 

Disutility myocardial infarction event  -0.055 0.01 38 

Utility post myocardial infarction 0.730 0.01 38 

Utility angina  0.695 0.01 38 

Utility congestive heart failure 0.677 0.01 38 

Disutility stroke event  -0.164 0.01 38 

Utility post stroke  0.621 0.01 38 

Utility peripheral vascular disease  0.724 0.01 38 

Utility microalbuminuria  0.785 0.01 38 

Utility gross proteinuria  0.737 0.01 38 

Utility hemodialysis  0.621 0.03 38 

Utility peritoneal dialysis 0.581 0.03 38 

Utility renal transplant 0.762 0.12 38 

Utility background diabetic retinopathy 0.745 0.02 38 

Utility background diabetic retinopathy wrongly treated  0.745 0.02 38 

Utility proliferative diabetic retinopathy laser treated  0.715 0.02 38 

Utility proliferative diabetic retinopathy no Laser  0.715 0.02 38 

Utility macular edema  0.745 0.02 38 

Utility severe vision loss 0.711 0.01 38 

Utility cataract  0.769 0.02 38 

Utility neuropathy  0.701 0.01 38 



Utility heal ulcer  0.785 0.01 38 

Utility active ulcer  0.615 0.01 38 

Utility amp event  -0.280 0.01 38 

Utility post amputation  0.505 0.01 38 

Disutility for non-severe hypoglycemic events Lauridsen method 43 

Disutility for severe hypoglycemic events type 1 (daytime)a -0.0183 0.00 41 

Disutility for severe hypoglycemic events type 1 (nocturnal)a -0.0183 0.00 41 

Disutility for severe hypoglycemic events type 2 (daytime)a -0.0550 0.00 39 

Disutility for severe hypoglycemic events type 2 (nocturnal)a -0.0570 0.00 39 

a Type 1 events require assistance of a non-medical third party and type 2 events require 

medical assistance. 

Note: Utilities are varied according to a beta distribution in PSA. 

 



eAppendix Table 3. Disease Management Costs 

 Annual cost Source 

Cost of complications   

Myocardial infarction 1st year  $16,930.83 50 

Myocardial infarction 2+ years  $2,050.02 50 

Angina 1st year  $3,707.21 50 

Angina 2+ years  $518.45 50 

Congestive heart failure 1st year  $12,806.60 50 

Congestive heart failure 2+ years  $6,539.29 50 

Stroke 1st year  $7,386.61 50 

Stroke 2+ years  $1,033.47 50 

Stroke death within 30 days  $7,509.70 50 

Peripheral vascular disease 1st year  $5,620.64 50 

Peripheral vascular disease 2+ years  $2,176.94 50 

Hemodialysis 1st year  $20,661.00 50 

Hemodialysis 2+ years  $15,648.35 50 

Peritoneal dialysis 1st year  $31,598.89 50 

Peritoneal dialysis 2+ years  $22,743.66 50 

Renal transplant 1st year  $10,378.24 50 

Renal transplant 2+ years  $7,328.59 50 

Cost of acute events and others   

Non-severe hypoglycemic events $10.98 49 

Severe hypoglycemic events type 1a $76.96 40 



Severe hypoglycemic events type 2a $1,340.91 40 

Laser treatment  $990.35 49 

Cataract operation  $641.84 50 

Following cataract operation  $158.34 50 

Blindness 1st year $1,269.18 50 

Blindness 2+ years  $309.44 50 

Neuropathy 1st year  $2,149.14 50 

Neuropathy 2+ years  $725.24 50 

Amputation (event based)  $7,469.28 50 

Amputation prosthesis (event based)  $22,211.01 50 

Ketoacidosis  $297.35 50 

Gangrene treatment $15,903.39 50 

After healed ulcer $3,986.33 50 

Infected ulcer $8,010.08 50 

Standard uninfected ulcer $8,010.08 50 

Healed ulcer history of amputation $3,986.33 50 

a Type 1 events require assistance of a non-medical third party and type 2 events require 

medical assistance. 

Note: Costs are varied by ±20% in lieu of standard errors in probabilistic sensitivity analysis. 



eAppendix Table 4. Clinical Effects 

Therapy 
HbA1c change 

(SE), %  

BMI change (SE), 

kg/m2  

SBP (SE), mm 

Hg 

DBP (SE), mm 

Hg 
Sources 

Metformin + DPP4i (class)  -0.65 (0.02551) 0.04 (0.03) -3.04 (0.68) -1.47 (0.16) 28-32 

Metformin + DPP4i (class) + 

SGLT2i (class) 
-0.86 (0.0689) -1.07 (0.079) -4.82 (0.8827) -1.81 (0.6173) 14 

Metformin + DPP4i (class) + insulin 

glargine 
-1.88 (0.51) 0.56 (0.68) -0.44 (0.698) -0.303 (0.4) 20,33 

Metformin + insulin glargine + 

bolus insulin 
-1.5 (0.102) 1.27 0 0 58,59 

Metformin + GLP-1 RA  -1.3 (0.616) -0.63 (0.37) 0 0 31 

Metformin + GLP-1 RA + insulin 

glargine 
-0.76 (5.5259) -0.53 (7.98) 0 0 20,33 

Note: Treatment effects are varied according to normal distribution in PSA.



eAppendix Table 5. Base Case Results With Cost Breakdown 

 
DPP4i + SGLT2i 

pathway 

GLP-1 RA 

pathway 

Incremental 

Value 

Total direct medical costs per patient $142,464 $151,975 -$9,511 

Treatment $118,191 $127,277 -$9,086 

Cardiovascular $14,113 $14,278 -$165 

Renal $1,167 $1,296 -$129 

Ulcer/Amputation/Neuropathy $5,602 $5,699 -$97 

Eye $974 $1,003 -$29 

Hypoglycemia (all levels) $759 $770 -$11 

Other management $1,658 $1,651 -$7 

Life years 14.334 14.285 0.049 

QALYs 9.722 9.696 0.025 

ICER DPP4i + SGLT2i pathway dominates 

Abbreviations: DPP4i, dipeptidyl peptidase-4 inhibitor; SGLT2i, sodium-glucose co-

transporter 2 inhibitor; GLP-1 RA, glucagon-like peptide 1 receptor agonist; QALY, quality-

adjusted life years; ICER, incremental cost-effectiveness ratio 
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