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Abstract

Background: Canagliflozin, a sodium-glucose cotransporter-2 inhibitor (SGLT2i), was 

associated with an approximately two-fold increase in amputation risk in a recent cardiovascular 

outcome trial. Observational studies in real-world data have yielded mixed or inconclusive results.

Methods: We conducted a retrospective cohort study using the MarketScan Commercial Claims 

and Encounters Database (2013–2015) to compare the incidence of lower-extremity amputation 

(LEA) between initiators of SGLT2i and initiators of two second-line drugs, dipeptidyl-peptidase 4 

inhibitors (DPP4i) and sulfonylureas (SU). We estimated crude incidence rates (IR) and adjusted 

hazard ratios (aHR), with 95% confidence intervals (CI), before and after propensity score 

weighting. We additionally conducted sensitivity analyses using a comparator group of all non-

metformin, non-SGLT2i glucose-lowering drugs, as previous studies used this approach.

Results: In a cohort of 328,150 individuals aged 18–64, the IR of LEA ranged from 1.5 to 2.4 

per 1,000 person-years. In as-treated analysis, the estimated hazard of LEA was increased among 

SGLT2i initiators compared to DPP4i initiators (aHR 1.69, 95% CI 1.20–2.38), but not compared 

to SU initiators (aHR 1.02, 95% CI 0.67–1.55) or non-metformin, non-SGLT2i initiators (aHR 

1.02, 95% CI 0.54–1.93). Results were consistent in intention-to-treat analysis and across a 

number of sensitivity analyses.
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Conclusions: Among commercially-insured patients in the US, results suggest that initiation of 

SGLT2i may increase the risk of LEA compared to initiation of DPP4i. Contrasting results when 

comparing SGLT2i initiators to DPP4i and SU initiators highlight the importance of choosing 

appropriate comparator drugs when addressing comparative effectiveness and safety questions that 

can inform clinical decision-making.

INTRODUCTION

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) reduce blood glucose in Type 2 

diabetes mellitus (T2DM) by inhibiting renal glucose reabsorption in the proximal tubule, 

increasing urinary glucose excretion.1,2 In addition to glycemic efficacy,1,3 observational 

and cardiovascular outcome studies demonstrate that SGLT2i have cardio-renal protective 

effects vs. placebo and other glucose-lowering drugs (GLDs).4–7

Safety concerns, however, were raised by the Canagliflozin Cardiovascular Assessment 

Study (CANVAS) program, which revealed a significant increase in the risk of overall 

amputation (hazard ratio (HR) 1.97, 95% confidence interval (CI) 1.41–2.75), primarily of 

the toe or forefoot, among patients randomized to canagliflozin with median follow-up of 

126 weeks.5 This represents an important finding given that T2DM is the leading cause of 

non-traumatic lower-extremity amputations (LEA).8 In response, the FDA issued a bulletin 

regarding amputation risk in May 20169 and a drug labeling change in July 2017.10 

Recently, several observational studies have sought to corroborate this finding in broader 

populations, with mixed conclusions.11–16

To address the variation in observed risk of amputation with SGLT2i, we implemented an 

active comparator, new user (ACNU) study17 to estimate and compare the risk of LEA 

between patients initiating SGLT2i versus patients initiating two second-line GLDs, 

dipeptidyl peptidase-4 inhibitors (DPP4i) and sulfonylureas (SU), which are prescribed as 

alternatives to SGLT2i. Specifically, we explored how selection of different analytic 

populations and comparators impacts risk estimates of LEA with SGLT2i, and how such 

choices may have contributed to differences in published findings in this domain.

METHODS:

Data Source

We conducted a cohort study using the Truven Analytics’ IBM® Watson Health 

MarketScan® Commercial Claims and Encounters (CCAE) Database from 2013 to 2015. 

MarketScan data contain inpatient, outpatient, and pharmaceutical claims and encounters 

data linked with demographic and enrollment information from approximately 350 

insurance payers in the U.S.18 This database is representative of the U.S. population with 

employer-based insurance and offers longitudinal follow-up of patients while under the same 

employer.19 The study was determined to be exempt from full Institutional Review Board 

review by the University of North Carolina at Chapel Hill. The study protocol was registered 

with the European Network of Centres for Pharmacoepidemiology and Pharmacovigilance 

(ENCePP) on October 23, 2017 (EU PAS Register Number 21368, http://www.encepp.eu/

encepp/viewResource.htm?id=25456).
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Eligible Population

The base population consisted of all MarketScan beneficiaries, aged 18–64, with at least one 

prescription dispensing claim for a SGLT2i, DPP4i, or SU between March 1, 2013 and 

September 30, 2015. To ensure new use of either comparator drug, we required subjects to 

have ≥12 months of continuous MarketScan enrollment prior to the first eligible prescription 

dispensing claim, during which no prescription for any of the study drug classes could be 

observed (washout period).

Exposure Definition

Exposure to a SGLT2i, DPP4i, or SU drug (Appendix Table 1) was defined by at least two 
same-class drug prescription dispensing claims observed within a pre-defined window. This 

“prescription window” was calculated as the first prescription’s recorded days’ supply, plus 

a 30-day grace period (GP). By requiring a second prescription and using that prescription 

date as the index date, we restricted the analysis to a cohort for whom we were reasonably 

confident were taking the cohort drug. Patients were excluded if they 1) received a 

prescription for either study drug prior to index date; 2) switched to the comparator drug 

between the first and second prescriptions; 3) received both study drugs on index date; or 4) 

received an empagliflozin-linagliptin combination drug on index date (Appendix FSUPP1).

Outcome Definitions

The primary outcome of LEA was defined using a combination of International 
Classification of Diseases, Ninth Revision, Clinical Modification and Common Procedural 

Terminology procedure codes. Patients who experienced LEA between the first and second 

prescriptions were included in the analysis, with those events captured in the baseline 

amputation history. Secondary outcomes included other diabetes-related conditions and 

procedures (tissue and bone debridement, peripheral vascular disease, and diabetic foot 

ulcer) commonly considered to be direct precursors or alternatives to LEA. Codes for all 

outcome definitions were informed through prior literature20–30 and clinical guidance 

(Appendix Table 2). For secondary analyses, we excluded patients with baseline history of 

any outcome.

Follow-up

The primary analysis was performed in “as-treated” fashion (Appendix Figure 2). Follow-up 

began at index date (date of second prescription) and ended when an individual experienced 

either an outcome of interest or censoring event (treatment discontinuation, switch, or 

augmentation; disenrollment; or September 30, 2015), whichever came first. Secondary 

outcome analyses additionally censored patients if LEA was observed prior to occurrence of 

a secondary outcome.

Confounding Control

We used propensity scores to control for measured confounding. We incorporated covariate 

groupings for patient demographics, diabetes-related comorbidities, general health 

comorbidities, medication use history (including prior use of other GLDs), and measures of 

healthcare system use in the propensity score model, measured in the year prior to cohort 
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entry (Table 1). We also applied the adjusted diabetes complication severity index 

(aDCSI)31,32 as a proxy to control for diabetes disease severity.

Statistical Analysis

We estimated propensity scores using multivariable logistic regression to model each 

patient’s predicted probability of receiving SGLT2i, conditional on his or her baseline 

covariates. We then weighted comparator cohorts by the propensity score odds (PS/(1-PS)) 

to standardize the distribution of measured covariates to the SGLT2i cohorts, and estimated 

the average treatment effect in the treated.33 This approach aims to address the question, 

“would LEA incidence have changed had all SGLT2i initiators instead initiated a comparator 

drug?” Covariate balance was assessed using the standardized mean difference (SMD).34

For all outcomes, we estimated crude incidence rates (IR) using Poisson regression, and 

crude and adjusted HR (aHR) and 95% CIs using weighted Cox proportional hazards 

models. We used weighted Kaplan-Meier methods to estimate cumulative incidence of LEA, 

as well as risk differences (RD) and 95% CIs in the 1–30, 31–90, 91–180, and 180+ days 

after drug initiation in each study cohort. All analyses were performed using SAS version 

9.4 (SAS Institute Inc., Cary, NC).

Sensitivity and Subgroup Analyses

We conducted multiple sensitivity analyses. First, we re-analyzed the data using an 

intention-to-treatment (ITT) follow-up approach for up to one year, where patients were 

censored only for disenrollment or at the administrative study end date. Second, following 

previous studies,11–14 we performed an analysis requiring only a single prescription claim to 

be considered exposed to a study drug. Third, to replicate comparator choices in previous 

studies, we conducted an analysis using any non-metformin, non-SGLT2i GLD (SU, 

thiazolidinediones, DPP4i, glucagon-like peptide-1 receptor agonists, and insulins) as the 

comparator group, excluding all patients with baseline use of these agents. Fourth, because 

LEA risk was specifically noted in the CANVAS program, we repeated the analysis 

restricting to canagliflozin users.

To assess the impact of various design specifications, we repeated the analyses using 15-, 

60-, and 90-day grace periods; 30-, 60-, 90-, and 180-day induction periods; 30-, 60-, 90-, 

and 180-day latency periods; and a 6-month washout period. We specified a range of 

induction and latency periods a priori to determine possible durations of time required for 

treatment initiation to contribute to LEA occurrence; both periods were extended to 6 

months to reflect CANVAS results that reported emerging amputation risk by 6 months of 

follow-up. We additionally repeated the analysis with 1%, 2.5%, and 5% asymmetric 

trimming of the propensity score distribution.35

The CANVAS program reported particularly elevated risk of LEA among patients with prior 

LEA history, which could have important implications for clinical decision-making. To 

validate this result in our cohort, we estimated LEA risk within subgroups with and without 

prior amputation in the year prior to cohort entry. Because baseline metformin use predicts 

diabetes-related cardiovascular endpoints among users of second-line GLDs,36 we estimated 

and compared stratum-specific HR estimates among patients with and without baseline 
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metformin use in the year prior to cohort entry. Finally, to investigate the impact of other 

baseline GLD use and to compare results to previous literature, we performed subgroup 

analyses by baseline SU use, baseline insulin use, baseline cardiovascular disease (CVD) 

status, and baseline chronic kidney disease (CKD) status.

RESULTS:

Eligible Cohort

We identified a total of 328,150 eligible users of at least one study drug in the MarketScan 

database between March 1, 2013 and September 30, 2015. Among study patients, we 

identified a total of 165,763 eligible new users in the SGLT2i (n=49,324) vs. DPP4i 

(n=116,439) comparison and 196,501 eligible new users for the SGLT2i (n=46,878) vs. SU 

(n=149,623) comparison. Canagliflozin, dapagliflozin, and empagliflozin accounted for 69–

70%, 22–23%, and 7–8% of SGLT2i use, respectively (Table 1). Median (interquartile range 

(IQR)) follow-up (Table 2) in as-treated analyses was slightly longer among comparator 

drug initiators, and ranged from 0.42 (0.21–0.76) years among SGLT2i initiators to 0.47 

(0.25–0.94) years among DPP4i initiators. Median follow-up was longer in ITT analysis, 

again among comparator drug initiators, ranging from 0.64 (0.31–1.05) years in SGLT2i 

initiators to 1.06 (0.46–2.01) years among DPP4i initiators and 1.03 (0.46–1.86) years 

among SU initiators. Follow-up was capped at one year after index date to minimize this 

observed difference in person-time available.

Age and gender distributions were similar across cohorts (Table 1). Prior to SMR weighting, 

we observed imbalances in several baseline comorbidities, including diabetic nephropathy, 

neuropathy, hypertension, dyslipidemia, ischemic heart disease, and baseline use of 

angiotensin-receptor blockers, statins, and metformin; baseline imbalances were generally 

more pronounced in the SGLT2i vs. SU comparison. All measured covariates were balanced 

after SMR weighting (Appendix Figure 4).

Primary and Secondary Outcomes

In the as-treated analysis (Table 2), we identified 185 LEA events in the SGLT2i (n=63) vs. 

DPP4i (n=122) comparison, and 234 LEA events in the SGLT2i (n=50) vs. SU (n=184) 

comparison. The majority of amputations were for toe and metatarsal (83%), foot and ankle 

(7%), and lower leg (9%). Absolute LEA risks were low in all cohorts (Figure 1, Appendix 

Table 3). Crude IRs were higher among SGLT2i initiators (2.4 per 1,000 person-years, 95% 

CI 1.8–3.0) than among DPP4i initiators (1.5 per 1,000 person-years, 95% CI 1.2–1.8), but 

were similar between SGLT2i (2.0 per 1,000 person-years, 95% CI 1.5–2.6) and SU (1.8 per 

1,000 person-years, 95% CI 1.6–2.1) initiators.

Hazard ratio estimates were similar between crude and adjusted analyses. After controlling 

for baseline confounding via SMR weighting, we observed an increased hazard of LEA 

among SGLT2i initiators vs. DPP4i initiators (aHR 1.69, 95% CI 1.20–2.38). However, no 

association was observed when comparing SGLT2i to SU initiators (aHR 1.02, 95% CI 

0.67–1.55). To further aid clinical decision-making around second-line therapies, we 

performed a post-hoc analysis comparing DPP4i initiators to SU initiators, and observed a 
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reduced hazard of LEA among DPP4i initiators (aHR 0.67, 95% CI 0.49–0.91), which is 

consistent with primary analysis findings. Finally, no increased hazard of LEA was observed 

when comparing initiators of SGLT2i to initiators of all non-metformin, non-SGLT2i GLDs 

(aHR 1.02, 95% CI 0.54–1.93), although we observed notable differences between crude 

and adjusted estimates in this comparison. For secondary outcomes, we observed modest to 

no increases in LEA hazard (Appendix Table 4), with HR estimates ranging from 0.96–1.22 

and all 95% CIs containing the null.

Sensitivity and Subgroup Analyses

Results were consistent across a number of sensitivity analyses (Figure 2, Appendix Tables 5 

and 6). We observed a downward trend in HR estimates for ITT analysis, when requiring 

only one prescription to define exposure, when using longer GPs, latency, and induction 

periods, and when increased trimming was performed. In the SU comparison, HR estimates 

increased when using 60- and 90-day induction periods, although estimates remained non-

significant. Requiring a shorter (6-month) washout period did not substantially change HR 

estimates. Finally, restricting to just canagliflozin initiators yielded higher HR estimates in 

both the DPP4i and SU comparisons, but lower HR estimates vs. non-metformin, non-

SGLT2i initiators (aHR 0.85, 95% CI 0.38–1.91).

Subgroup analysis results suggested possible differences in LEA risk by baseline metformin 

and insulin use, and prior history of amputation, CVD, and CKD (Figure 2). In both DPP4i 

and SU comparisons, we observed higher HR estimates among patients with history of 

amputation, with baseline insulin use, and with history of CKD. Baseline metformin use and 

history of CVD were associated with higher HR estimates in the SU comparison, but lower 

HR estimates in the DPP4i comparison. We did not observe evidence of modification by 

baseline SU use.

DISCUSSION:

In this large, ACNU cohort study among commercially-insured U.S. patients, we observed a 

statistically significant elevation in LEA risk among SGLT2i initiators vs. DPP4i initiators 

(aHR 1.69, 95% CI 1.20–2.38), but not vs. SU initiators (aHR 1.02, 95% 0.67–1.55). 

Primary analysis results remained consistent across a number of sensitivity analyses. We 

observed modest to no increases in LEA risk for the secondary outcomes of debridement, 

peripheral vascular disease, and diabetic foot ulcer. Finally, risk appeared elevated in 

patients with prior history of amputation and CKD, and baseline insulin use, though these 

estimates were not statistically significant.

Results from this analysis join a growing body of evidence surrounding the risk of LEA 

associated with use of SGLT2i (Table 3). Recent ITT analyses conducted in the MarketScan 

CCAE population by Yuan et al (aHR 0.98, 95% CI 0.68–1.41) and Ryan et al (aHR 1.01, 

95% CI 0.80–1.28) reported null associations of below-knee amputation risk among new 

users of canagliflozin vs. new users of all non-SGLT2i GLDs.11,12 Using as-treated analysis, 

Dawwas et al16 obtained a similar result vs. both DPP4i (aHR 0.88, 95% CI 0.65–1.15) and 

SU (aHR 0.74, 95% CI 0.57–0.96) users, and Ryan et al12 reported a protective effect of 

SGLT2i vs. all non-SGLT2i GLDs (aHR 0.56, 95% CI 0.32–0.92).
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On the other hand, also using MarketScan CCAE, Chang et al (aHR 1.50, 95% CI 0.85–

2.67)13 and Adimadhyam et al (aHR 1.38, 95% CI 0.83–2.31)14 have suggested the 

possibility of increased LEA risk associated with new use of SGLT2i agents, vs. new use of 

DPP4i. However, low event counts and more rigid cohort exclusions in both studies 

contributed to limited precision and CIs that contained the null. Finally, studies by Udell et 

al15 (aHR 2.01, 95% CI 0.89–4.53) and Ueda37 et al (aHR 2.32, 95% CI 1.37–3.91) obtained 

similar results as the CANVAS program in different populations, though older mean age of 

patients in all three studies could be an underlying contributor.

Our present study, which was planned and pre-specified in 2017 prior to publication of other 

pharmacoepidemiological analyses, observed a similarly elevated risk of LEA among 

SGLT2i initiators vs. DPP4i comparator, and similarly null result vs. initiators of all non-

metformin, non-SGLT2i GLDs (aHR 1.02, 95% CI 0.54–1.93). However, results from the 

SU and non-SGLT2i comparisons were both substantively different from the results obtained 

by Chang et al, who compared against a suite of older GLDs including metformin, SU, and 

thiazolidinediones (aHR 2.12, 95% CI 1.19–3.77).13 We attribute these differences to our 

simultaneous inclusion of insulin (typically a marker of more severe diabetes and higher 

amputation risk) and exclusion of metformin (often prescribed to patients with less severe 

diabetes and lower amputation risk) in the non-SGLT2i comparator group, which mirrors a 

commonly used comparator in previous studies.11,12,15

Because the potential mechanisms behind SGLT2i and amputation risk remain undetermined 

– current hypotheses relate to volume depletion and reduced tissue perfusion11 – we assert 

that heterogeneity of findings results primarily from differences in study design decisions. 

We demonstrate that inference regarding comparative LEA risk changes meaningfully when 

different active comparators (DPP4i vs. SU vs. non-metformin, non-SGLT2i GLDs) are 

employed. We highlight the important differences between patients prescribed these drugs in 

practice, which is underscored by the crude baseline differences observed between SGLT2i 

and SU initiators (Table 1), and between SGLT2i and non-metformin, non-SGLT2i initiators 

(Appendix Table 7). Sulfonylureas, for example, while often categorized as a second-line 

GLD in current diabetes pharmacotherapy guidelines, may not be an ideal analytic 

alternative to SGLT2i because they are less costly and may be more frequently prescribed to 

patients with lower socioeconomic status and health care system access.38–40 Furthermore, 

often in restrictive, protocol-driven health systems, approaches are adopted that spare the use 

of more recent diabetes therapies such as SGLT2i until after SU has failed. This has 

previously been demonstrated in the Medicare population, where SU is often used as a first-

line therapy as an alternative to metformin.41,42 Crude imbalances between SGLT2i and 

non-metformin, non-SGLT2i initiators were even more severe (Appendix Table 7). In 

particular, baseline CKD imbalances suggest the possibility of channeling by 

contraindication. Although CKD was balanced after SMR weighting, this crude imbalance 

suggests that “catch-all” comparator groups that combine different-line diabetes therapies 

are not recommended for comparative effectiveness and safety studies. Proper selection of 

appropriate clinical alternatives can enhance the ability of comparative safety studies to 

inform clinical decision-making around prescribing of similar-line medications to treat 

T2DM.
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Other study design decisions have also contributed to the heterogeneous results of studies 

conducted in the MarketScan CCAE (Table 3). First, our study, which is the first on this 

topic to define diabetes drug exposure using at least 2 prescriptions, demonstrates that 

analyses defining exposure with only one prescription claim tend to yield reduced HR 

estimates. Second, we demonstrate that canagliflozin-only analyses yielded higher HR 

estimates vs. DPP4i and SU initiators, but lower HR estimates vs. non-metformin, non-

SGLT2i initiators. This last result is more consistent with the canagliflozin-specific HR 

estimates observed by Yuan et al and Ryan et al. Third, analyses using ITT follow-up 

typically yielded HR estimates closer to the null than those using as-treated approaches, 

which may contribute to observed differences between Yuan et al and Ryan et al, vs. Chang 

et al, Adimadhyam et al, and our study. Fourth, our subgroup analyses demonstrated that 

excluding patients with prior amputation and prior CKD reduced HR estimates, whereas 

excluding patients with baseline insulin use increased HR estimates.

Finally, differences in propensity-score methods and confounder sets can impact the extent 

to which confounding by indication and diabetes severity is controlled. Kaiser et al43 have 

previously demonstrated that potential for residual confounding can vary substantially 

depending on the outcome under study. Given that studies typically define a single set of 

confounders, one implication is that confounding control may be more complete in studies 

that apply these confounders to assess amputation risk alone,11,13,14 versus those that use the 

same confounders to assess both beneficial and adverse outcomes5,15,16 or to assess multiple 

adverse outcomes with different mechanisms.37 In our study, we aimed to minimize residual 

confounding by including confounders specific to amputation risk, and pre-specified 

secondary outcomes that we believe share a similar mechanism to amputation risk.

Ultimately, authors should justify study design choices to reflect the specific clinical 

question(s) under study, and provide transparency when communicating data for clinical and 

regulatory decision-making. Our study aimed to address the question, “would LEA 

incidence have changed had all initiators of SGLT2i instead initiated a similar, second-line 

diabetes drug?” To reflect this aim, we pre-specified our primary analysis to 1) focus on new 

users; 2) compare to only similar second-line therapies (DPP4i and SU, rather than all non-

SGLT2i GLDs); 3) require at least 2 prescription dispensing claims as an indicator of 

adherence; 4) focus on below-knee amputation for consistency with CANVAS findings; 5) 

employ as-treated follow-up; and 6) perform confounding control via SMR weighting to 

estimate the average treatment effect in the treated. We then performed a number of 

sensitivity and subgroup analyses to test the robustness of our primary analysis to different 

study design choices and specifications, and to quantify impacts of excluding and stratifying 

by prior comorbidity and GLD use histories. As analytic approaches continue to evolve 

around questions of LEA risk with SGLT2i use, our understanding of SGLT2i effectiveness 

and safety will continue to deepen.

This study had several strengths. First, the ACNU study design helps to address issues 

related to confounding by indication by comparing patients treated with similar second-line 

T2DM therapies, and provides additional control for other unmeasured confounders and for 

various time-related biases.17 Second, propensity-score weighting adequately controlled for 

remaining measured baseline confounding, as demonstrated in Table 1.We controlled for 
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baseline use of other oral GLDs, including metformin and insulin, which were not controlled 

for in several previous studies.11,13 Third, by restricting to patients with at least two 

prescriptions in close proximity, we gain confidence that patients are actually taking the 

study drugs. The commonly used approach of defining exposure through a single 

prescription claim alone can include patients who are not actually on therapy, since 

prescription dispensing claims do not necessarily reflect whether patients actually take the 

study drugs after filling the prescription. In our analysis, over 30% of patients with one study 

drug prescription did not fill a second prescription within the allotted prescription window 

(Appendix Figure 1, Appendix Tables 5 and 6). These patients, who contributed 26% of 

follow-up time in time-to-event analyses, may represent misclassified “exposed” time. Our 

results indicate that requiring the second prescription, which has not previously been 

implemented in similar studies, reduces bias towards the null.44

Finally, we were able to leverage the size of the MarketScan CCAE database to assess 

subgroup differences by a number of baseline characteristics. Multiple studies have assessed 

possible differences in amputation risk by CVD status, but no prior observational studies 

have, to our knowledge, assessed differences in HR by prior amputation history and baseline 

metformin use. Although differences in subgroup analyses were modest and precision of 

estimates was limited due to low event counts, these analyses can nevertheless offer 

important insight to aid physician decision-making when weighing clinical alternatives 

among patients with specific comorbidity and diabetes medication use histories.

Our study also exhibited limitations characteristic of observational studies using 

administrative data. First, although the MarketScan CCAE database contains data for 

patients aged ≥65, data for these patients are inconsistently reported in MarketScan due to 

the priority of Medicare coverage among such patients. To account for these potentially 

missing claims data, we limited our analysis to employer-insured patients aged <65, for 

whom we are confident data are relatively complete. Thus, our findings may not generalize 

to older or unemployed populations, which may have different amputation risk. Second, 

although we restricted to patients aged ≥18 as a proxy for patients with T2DM, patients with 

Type I diabetes mellitus (T1DM) may also be present in the study cohort. However, the 

treatment patterns assessed in this study are more indicative of T2DM, since oral GLDs are 

uncommonly prescribed in T1DM.45 Third, the MarketScan CCAE database does not report 

patient vital status, which precluded modeling of death as a competing risk. However, we did 

not expect death to be a major competing risk given the short (<1 year) follow-up in our 

cohort and relatively low mortality expected among the younger, privately-insured 

population. Fourth, because canagliflozin has dominated SGLT2i use in the US thus far, we 

did not have sufficient power to study dapagliflozin and empagliflozin individually, and 

were unable to determine to what extent the class effect observed in this study extends to 

dapagliflozin and empagliflozin.46 However, use of dapagliflozin and empagliflozin 

continues to grow, and evidence should emerge in coming years. Finally, we acknowledge 

the possibility of unmeasured confounding due to the observational nature of this study and 

the lack of data on race/ethnicity and socioeconomic status. However, we were able to 

provide partial control through claims-based definitions of dyslipidemia, aDCSI, smoking 

cessation, and COPD, as proxies for patient body-mass index, diabetes severity and duration, 

and smoking status, respectively.
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CONCLUSIONS:

This cohort study adds to, and contextualizes, existing evidence by demonstrating that 

initiation of SGLT2i may be associated with an increased LEA risk vs. initiation of DPP4i, 

but not SU. We provide evidence that risk may be greater in patients with history of LEA, 

history of CKD, or baseline insulin use. Study design decisions, particularly the choice of 

active comparator drug, can meaningfully impact HR estimates and downstream conclusions 

about the comparative safety of SGLT2i and its clinical alternatives. As data continue to 

accrue around SGLT2i prescribing in real-world patient populations, analytic approaches 

must continue to evolve to appropriately address questions that deepen our clinical 

understanding of benefits and risks with SGLT2i use.
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Figure 1. 
SMR-Weighteda Kaplan-Meier Curves for Lower-Extremity Amputation following Drug 

Initiation, 365-Day Washout Period
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Figure 2. Crude and Adjusted Hazard Ratio (HR) Estimates for Lower-Extremity Amputation 
(LEA) with Initiation of SGLT2i compared to Initiation of Other Second-Line Glucose Lowering 
Drugs, Sensitivity and Subgroup Analysesb

Abbreviations: SGLT2i, sodium-glucose cotransporter-2 inhibitors; DPP4i, dipeptidyl 

peptidase-4 inhibitors; SU, sulfonylureas; IQR, interquartile range; SMR, standardized 

mortality ratio; HR, hazard ratio; AT, as-treated; ITT, intention-to-treat; Hx, history

a. Weighted by standardizing the comparator drug initiators to the population of SGLT2i 

initiators, using the propensity score odds (PS/(1-PS)), to estimate the treatment effect in the 

treated (ATT).

b. Primary analyses performed with both induction and latency periods = 0

c. Holding induction period constant (=0)

d. Holding latency period constant (=0)

e. Subgroup analyses adjusted for age, sex, baseline neuropathy, baseline peripheral vascular 

disease, baseline congestive heart failure, baseline chronic kidney disease, baseline ischemic 

heart disease, and baseline metformin use.

Yang et al. Page 15

Diabetes Obes Metab. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yang et al. Page 16

Ta
b

le
 1

.

B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

E
lig

ib
le

 I
ni

tia
to

rs
 o

f 
SG

LT
2i

, C
om

pa
re

d 
to

 I
ni

tia
to

rs
 o

f 
D

PP
4i

 a
nd

 S
U

, B
ef

or
e 

an
d 

A
ft

er
 I

m
pl

em
en

ta
tio

n 
of

 S
ta

nd
ar

di
ze

d 

M
or

ta
lit

y 
R

at
io

 (
SM

R
) 

W
ei

gh
tin

ga  (
36

5-
D

ay
 W

as
ho

ut
 P

er
io

d)
b

SG
LT

2i
 v

s.
 D

P
P

4i
SG

LT
2i

 v
s.

 S
U

C
ha

ra
ct

er
is

ti
c

SG
LT

2i
 in

it
ia

to
rs

 (
n 

= 
49

,3
24

)
D

P
P

4i
 in

it
ia

to
rs

 (
n 

= 
11

6,
43

9)
W

ei
gh

te
d 

D
P

P
4i

 
in

it
ia

to
rs

 (
n=

50
,1

89
)

SG
LT

2i
 in

it
ia

to
rs

 (
n 

= 
46

,8
78

)
SU

 in
it

ia
to

rs
 (

n 
= 

14
9,

62
3)

W
ei

gh
te

d 
SU

 
in

it
ia

to
rs

 (
n 

=4
8,

95
4)

C
an

ag
lif

lo
zi

n
34

70
0 

(7
0.

3)
--

-
--

-
32

45
2 

(6
9.

2)
--

-
--

-

D
ap

ag
lif

lo
zi

n
11

04
1 

(2
2.

4)
--

-
--

-
10

81
5 

(2
3.

1)
--

-
--

-

E
m

pa
gl

if
lo

zi
n

35
83

 (
7.

3)
--

-
--

-
36

11
 (

7.
7)

--
-

--
-

A
ge

, m
ea

n 
(s

td
. d

ev
.)

52
.5

 (
8.

2)
52

.8
 (

8.
2)

52
.3

 (
8.

2)
52

.3
 (

8.
2)

51
.0

 (
9.

7)
52

.3
 (

8.
1)

M
al

e
26

03
9 

(5
2.

8)
65

94
1 

(5
6.

6)
25

,4
99

 (
50

.8
)

24
46

8 
(5

2.
2)

78
71

0 
(5

2.
6)

25
,0

19
 (

51
.1

)

D
ia

be
te

s 
C

om
or

bi
di

ti
es

b

 
A

dj
us

te
d 

D
C

SI
, m

ea
n 

(s
td

. d
ev

.)
0.

7 
(1

.1
)

0.
6 

(1
.1

)
0.

7 
(1

.2
)

0.
7 

(1
.1

)
0.

6 
(1

.1
)

0.
7 

(1
.1

)

 
N

ep
hr

op
at

hy
22

74
 (

4.
6)

44
80

 (
3.

8)
2,

36
0 

(4
.7

)
19

28
 (

4.
1)

47
14

 (
3.

2)
2,

08
9 

(4
.3

)

 
N

eu
ro

pa
th

y
56

44
 (

11
.4

)
78

48
 (

6.
7)

6,
00

6 
(1

2.
0)

49
41

 (
10

.5
)

80
65

 (
5.

4)
5,

44
5 

(1
1.

1)

 
R

et
in

op
at

hy
49

10
 (

10
.0

)
75

93
 (

6.
5)

4,
98

6 
(9

.9
)

43
51

 (
9.

3)
71

53
 (

4.
8)

4,
81

6 
(9

.8
)

 
Pe

ri
ph

er
al

 v
as

cu
la

r 
di

se
as

e
13

96
 (

2.
8)

32
54

 (
2.

8)
1,

45
9 

(2
.9

)
13

20
 (

2.
8)

33
64

 (
2.

2)
1,

40
1 

(2
.9

)

 
Pr

io
r 

L
E

A
76

 (
0.

2)
20

4 
(0

.2
)

82
 (

0.
2)

60
 (

0.
1)

23
4 

(0
.2

)
59

 (
0.

1)

 
D

eb
ri

de
m

en
t

11
07

 (
2.

2)
21

90
 (

1.
9)

1,
18

0 
(2

.4
)

99
3 

(2
.1

)
23

93
 (

1.
6)

1,
09

1 
(2

.2
)

 
D

ia
be

tic
 u

lc
er

10
31

 (
2.

1)
20

07
 (

1.
7)

1,
10

5 
(2

.2
)

95
0 

(2
.0

)
23

70
 (

1.
6)

96
5 

(2
.0

)

G
en

er
al

 H
ea

lt
h 

C
om

or
bi

di
ti

es
b

 
H

yp
er

te
ns

io
n

35
03

5 
(7

1.
0)

76
07

9 
(6

5.
3)

35
,8

64
 (

71
.5

)
32

88
2 

(7
0.

1)
90

32
6 

(6
0.

4)
34

,5
76

 (
70

.6
)

 
D

ys
lip

id
em

ia
36

67
8 

(7
4.

4)
76

08
0 

(6
5.

3)
37

,2
60

 (
74

.2
)

34
73

6 
(7

4.
1)

83
60

1 
(5

5.
9)

36
,6

55
 (

74
.9

)

 
Is

ch
em

ic
 h

ea
rt

 d
is

ea
se

50
19

 (
10

.2
)

11
65

8 
(1

0.
0)

5,
03

2 
(1

0.
0)

46
06

 (
9.

8)
13

08
2 

(8
.7

)
4,

88
4 

(1
0.

0)

 
C

er
eb

ro
va

sc
ul

ar
 d

is
ea

se
17

54
 (

3.
6)

44
94

 (
3.

9)
1,

76
5 

(3
.5

)
16

45
 (

3.
5)

54
02

 (
3.

6)
1,

73
9 

(3
.6

)

 
C

on
ge

st
iv

e 
he

ar
t f

ai
lu

re
10

75
 (

2.
2)

32
31

 (
2.

8)
1,

09
4 

(2
.2

)
94

0 
(2

.0
)

39
80

 (
2.

7)
96

3 
(2

.0
)

 
C

O
PD

12
92

 (
2.

6)
34

05
 (

2.
9)

1,
38

2 
(2

.8
)

11
86

 (
2.

5)
43

07
 (

2.
9)

1,
28

1 
(2

.6
)

 
D

ep
re

ss
io

n
48

29
 (

9.
8)

94
14

 (
8.

1)
5,

17
3 

(1
0.

3)
47

46
 (

10
.1

)
12

09
7 

(8
.1

)
5,

13
9 

(1
0.

5)

 
H

is
to

ry
 o

f 
ca

nc
er

23
98

 (
4.

9)
60

54
 (

5.
2)

2,
45

6 
(4

.9
)

23
15

 (
4.

9)
74

86
 (

5.
0)

2,
39

2 
(4

.9
)

 
C

hr
on

ic
 k

id
ne

y 
di

se
as

e
42

45
 (

8.
6)

11
03

7 
(9

.5
)

4,
49

4 
(9

.0
)

37
30

 (
8.

0)
13

04
9 

(8
.7

)
3,

97
5 

(8
.1

)

 
A

lc
oh

ol
 a

bu
se

32
3 

(0
.7

)
88

4 
(0

.8
)

32
5 

(0
.6

)
30

5 
(0

.7
)

14
61

 (
1.

0)
29

4 
(0

.6
)

Diabetes Obes Metab. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yang et al. Page 17

SG
LT

2i
 v

s.
 D

P
P

4i
SG

LT
2i

 v
s.

 S
U

C
ha

ra
ct

er
is

ti
c

SG
LT

2i
 in

it
ia

to
rs

 (
n 

= 
49

,3
24

)
D

P
P

4i
 in

it
ia

to
rs

 (
n 

= 
11

6,
43

9)
W

ei
gh

te
d 

D
P

P
4i

 
in

it
ia

to
rs

 (
n=

50
,1

89
)

SG
LT

2i
 in

it
ia

to
rs

 (
n 

= 
46

,8
78

)
SU

 in
it

ia
to

rs
 (

n 
= 

14
9,

62
3)

W
ei

gh
te

d 
SU

 
in

it
ia

to
rs

 (
n 

=4
8,

95
4)

 
Sm

ok
in

g
24

62
 (

5.
0)

60
77

 (
5.

2)
2,

55
1 

(5
.1

)
22

66
 (

4.
8)

86
25

 (
5.

8)
2,

32
6 

(4
.8

)

P
ri

or
 M

ed
ic

at
io

n 
U

se
b

 
A

C
E

I
22

53
5 

(4
5.

7)
52

69
8 

(4
5.

3)
22

,9
57

 (
45

.7
)

20
26

6 
(4

3.
2)

62
62

9 
(4

1.
9)

20
,9

84
 (

42
.9

)

 
A

R
B

13
89

8 
(2

8.
2)

28
92

3 
(2

4.
8)

14
,2

55
 (

28
.4

)
13

58
1 

(2
9.

0)
29

05
5 

(1
9.

4)
14

,7
11

 (
30

.1
)

 
A

sp
ir

in
27

79
 (

5.
6)

45
94

 (
3.

9)
3,

02
7 

(6
.0

)
26

55
 (

5.
7)

50
29

 (
3.

4)
2,

88
3 

(5
.9

)

 
B

et
a 

bl
oc

ke
rs

13
76

3 
(2

7.
9)

30
81

2 
(2

6.
5)

14
,0

54
 (

28
.0

)
12

27
7 

(2
6.

2)
42

96
7 

(2
8.

7)
12

,5
94

 (
25

.7
)

 
C

al
ci

um
 c

ha
nn

el
 b

lo
ck

er
s

96
80

(1
9.

6)
23

31
3 

(2
0.

0)
9,

91
1 

(1
9.

7)
88

72
 (

18
.9

)
28

00
5 

(1
8.

7)
9,

26
0 

(1
8.

9)

 
St

at
in

s
31

31
2 

(6
3.

5)
69

58
2 

(5
9.

8)
31

,4
99

 (
62

.8
)

29
47

9 
(6

2.
9)

75
04

4 
(5

0.
2)

30
,9

89
 (

63
.3

)

 
L

oo
p 

di
ur

et
ic

s
36

15
 (

7.
3)

76
51

 (
6.

6)
3,

89
1 

(7
.8

)
31

81
 (

6.
8)

89
10

 (
6.

0)
3,

51
5 

(7
.2

)

 
N

on
-l

oo
p 

di
ur

et
ic

s
16

88
7 

(3
4.

2)
37

66
5 

(3
2.

3)
17

,4
93

 (
34

.9
)

15
70

7 
(3

3.
5)

44
45

2 
(2

9.
7)

16
,6

15
 (

33
.9

)

 
D

ig
ox

in
27

7 
(0

.6
)

88
8 

(0
.8

)
26

1 
(0

.5
)

26
7 

(0
.6

)
10

03
 (

0.
7)

26
5 

(0
.5

)

 
C

ilo
st

az
ol

93
 (

0.
2)

18
5 

(0
.2

)
91

 (
0.

2)
80

 (
0.

2)
21

2 
(0

.1
)

90
 (

0.
2)

 
G

ab
ap

en
tin

45
73

 (
9.

3)
79

65
 (

6.
8)

4,
86

6 
(9

.7
)

41
37

 (
8.

8)
93

82
 (

6.
3)

4,
50

9 
(9

.2
)

 
Pr

eg
ab

al
in

13
90

 (
2.

8)
21

77
 (

1.
9)

1,
48

7 
(3

.0
)

13
10

 (
2.

8)
21

53
 (

1.
4)

1,
57

9 
(3

.2
)

 
D

ul
ox

et
in

e
21

17
 (

4.
3)

37
10

 (
3.

2)
2,

35
7 

(4
.7

)
20

97
 (

4.
5)

36
43

 (
2.

4)
2,

41
5 

(4
.9

)

 
M

et
fo

rm
in

38
23

1 
(7

7.
5)

98
79

0 
(8

4.
8)

38
,5

52
 (

76
.8

)
36

42
9 

(7
7.

7)
10

80
68

 (
72

.2
)

38
,5

29
 (

78
.7

)

 
G

L
P-

1 
R

ec
ep

to
r 

A
go

ni
st

13
95

0 
(2

8.
3)

59
41

 (
5.

1)
15

,1
68

 (
30

.2
)

10
49

2 
(2

2.
4)

73
72

 (
4.

9)
12

,6
40

 (
25

.8
)

 
D

PP
4i

--
-

--
-

--
-

14
76

9 
(3

1.
5)

28
22

7 
(1

8.
9)

17
,1

87
 (

35
.1

)

 
SU

17
38

1 
(3

5.
2)

42
59

0 
(3

6.
6)

17
,9

92
 (

35
.8

)
--

-
--

-
--

-

 
T

hi
az

ol
id

in
ed

io
ne

s
47

87
 (

9.
7)

14
85

0 
(1

2.
8)

4,
90

3 
(9

.8
)

42
78

 (
9.

1)
99

30
 (

6.
6)

4,
78

8 
(9

.8
)

 
In

su
lin

16
16

2 
(3

2.
8)

14
68

7 
(1

2.
6)

17
,1

50
 (

34
.2

)
14

68
5 

(3
1.

3)
13

25
9 

(8
.9

)
16

,4
88

 (
33

.7
)

M
ea

su
re

s 
of

 H
ea

lt
hc

ar
e 

U
ti

liz
at

io
n 

in
 Y

ea
r 

P
ri

or
 t

o 
In

de
x 

D
at

eb

N
 H

bA
lc

 te
st

s 
in

 p
as

t y
ea

r

 
0

41
01

 (
8.

3)
13

70
6 

(1
1.

8)
3,

95
9 

(7
.9

)
39

25
 (

8.
4)

31
60

5 
(2

1.
1)

4,
17

4 
(8

.5
)

 
1

95
64

 (
19

.4
)

31
52

6 
(2

7.
1)

9,
97

5 
(1

9.
9)

92
95

 (
19

.8
)

44
16

3 
(2

9.
5)

9,
01

4 
(1

8.
4)

 
2

13
69

9 
(2

7.
8)

33
43

2 
(2

8.
7)

14
,0

85
 (

28
.1

)
13

23
2 

(2
8.

2)
37

17
9 

(2
4.

8)
13

,2
96

 (
27

.2
)

 
3

21
96

0 
(4

4.
5)

37
77

5 
(3

2.
4)

22
,1

70
 (

44
.2

)
20

42
6 

(4
3.

6)
36

67
6 

(2
4.

5)
22

,4
69

 (
45

.9
)

N
 L

D
L

 te
st

s 
in

 p
as

t y
ea

r

Diabetes Obes Metab. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yang et al. Page 18

SG
LT

2i
 v

s.
 D

P
P

4i
SG

LT
2i

 v
s.

 S
U

C
ha

ra
ct

er
is

ti
c

SG
LT

2i
 in

it
ia

to
rs

 (
n 

= 
49

,3
24

)
D

P
P

4i
 in

it
ia

to
rs

 (
n 

= 
11

6,
43

9)
W

ei
gh

te
d 

D
P

P
4i

 
in

it
ia

to
rs

 (
n=

50
,1

89
)

SG
LT

2i
 in

it
ia

to
rs

 (
n 

= 
46

,8
78

)
SU

 in
it

ia
to

rs
 (

n 
= 

14
9,

62
3)

W
ei

gh
te

d 
SU

 
in

it
ia

to
rs

 (
n 

=4
8,

95
4)

 
0

70
40

 (
14

.3
)

20
60

6 
(1

7.
7)

7,
34

5 
(1

4.
6)

66
70

(1
4.

2)
42

32
4 

(2
8.

3)
7,

17
1 

(1
4.

6)

 
1

16
47

8 
(3

3.
4)

42
37

7 
(3

6.
4)

16
,5

22
 (

32
.9

)
15

53
2 

(3
3.

1)
54

07
0 

(3
6.

1)
15

,0
61

 (
30

.8
)

 
2

14
18

5 
(2

8.
8)

31
86

1 
(2

7.
4)

14
,7

20
 (

29
.3

)
13

43
8 

(2
8.

7)
33

04
6 

(2
2.

1)
14

,1
91

 (
29

.0
)

 
3

11
62

1 
(2

3.
6)

21
59

5 
(1

8.
5)

11
,6

02
 (

23
.1

)
11

23
8 

(2
4.

0)
20

18
3 

(1
3.

5)
12

,5
31

 (
25

.6
)

Fl
u 

sh
ot

 r
ec

ei
ve

d 
in

 p
as

t y
ea

r
16

07
7 

(3
2.

6)
34

58
4 

(2
9.

7)
16

,3
74

 (
32

.6
)

15
21

8 
(3

2.
5)

42
82

7 
(2

8.
6)

15
,9

11
 (

32
.5

)

N
 h

os
pi

ta
liz

at
io

ns

 
0

45
73

5 
(9

2.
7)

10
53

88
 (

90
.5

)
46

,4
12

 (
92

.5
)

43
54

3 
(9

2.
9)

13
31

77
 (

89
.0

)
45

,5
52

 (
93

.1
)

 
1

29
76

 (
6.

0)
86

78
 (

7.
5)

3,
12

2 
(6

.2
)

27
57

 (
5.

9)
12

96
3 

(8
.7

)
2,

83
9 

(5
.8

)

 
2

45
0 

(0
.9

)
16

15
 (

1.
4)

47
5 

(0
.9

)
42

6 
(0

.9
)

23
92

 (
1.

6)
39

9 
(0

.8
)

 
≥3

16
3 

(0
.3

)
75

8 
(0

.7
)

18
0 

(0
.4

)
15

2 
(0

.3
)

10
91

 (
0.

7)
16

3 
(0

.3
)

N
 d

ay
s 

in
 h

os
pi

ta
l

 
0

45
73

5 
(9

2.
7)

10
53

88
 (

90
.5

)
46

,4
12

 (
92

.5
)

43
54

3 
(9

2.
9)

13
31

77
 (

89
.0

)
45

,5
52

 (
93

.1
)

 
1–

2
14

71
 (

3.
0)

39
88

 (
3.

4)
1,

54
2 

(3
.1

)
13

46
 (

2.
9)

58
22

 (
3.

9)
1,

36
3 

(2
.8

)

 
3–

5
12

68
 (

2.
6)

37
30

 (
3.

2)
1,

33
4 

(2
.7

)
12

15
 (

2.
6)

56
57

 (
3.

8)
1,

25
2 

(2
.6

)

 
5–

10
50

1 
(1

.0
)

17
39

 (
1.

5)
51

9 
(1

.0
)

46
1 

(1
.0

)
26

41
 (

1.
8)

47
8 

(1
.0

)

 
>

10
34

9 
(0

.7
)

15
94

 (
1.

4)
38

2 
(0

.8
)

31
3 

(0
.7

)
23

26
 (

1.
6)

30
9 

(0
.6

)

N
 e

m
er

ge
nc

y 
de

pa
rt

m
en

t v
is

its

 
0

39
54

4 
(8

0.
2)

92
73

0 
(7

9.
6)

39
,9

38
 (

79
.6

)
37

77
5 

(8
0.

6)
11

58
87

 (
77

.5
)

39
,5

63
 (

80
.8

)

 
1

67
51

 (
13

.7
)

16
33

8 
(1

4.
0)

6,
94

9 
(1

3.
8)

62
80

 (
13

.4
)

22
78

8 
(1

5.
2)

6,
43

6 
(1

3.
1)

 
≥2

30
29

 (
6.

1)
73

71
 (

6.
3)

3,
30

2 
(6

.6
)

28
23

 (
6.

0)
10

94
8 

(7
.3

)
2,

95
5 

(6
.0

)

N
 p

hy
si

ci
an

 e
nc

ou
nt

er
s

 
0

16
2 

(0
.3

)
66

2 
(0

.6
)

15
5 

(0
.3

)
16

2 
(0

.3
)

13
65

 (
0.

9)
16

2 
(0

.3
)

 
1–

3
31

52
 (

6.
4)

12
22

7 
(1

0.
5)

3,
13

1 
(6

.2
)

30
19

 (
6.

4)
20

49
7 

(1
3.

7)
2,

95
2 

(6
.0

)

 
4–

6
76

65
 (

15
.5

)
22

34
9 

(1
9.

2)
7,

69
5 

(1
5.

3)
73

33
 (

15
.6

)
28

77
3 

(1
9.

2)
7,

36
5 

(1
5.

0)

 
≥7

38
34

5 
(7

7.
7)

81
20

1 
(6

9.
7)

39
,2

08
 (

78
.1

)
36

36
4 

(7
7.

6)
98

98
8 

(6
6.

2)
38

,4
75

 (
78

.6
)

N
 p

od
ia

tr
is

t v
is

its

 
0

44
39

2 
(9

0.
0)

10
70

32
 (

91
.9

)
45

,1
05

 (
89

.9
)

42
27

5 
(9

0.
2)

13
98

33
 (

93
.5

)
44

,0
34

 (
89

.9
)

 
1

23
09

 (
4.

7)
45

47
 (

3.
9)

2,
40

1 
(4

.8
)

21
44

 (
4.

6)
49

04
 (

3.
3)

2,
30

6 
(4

.7
)

 
2

10
78

 (
2.

2)
21

02
 (

1.
8)

1,
14

5 
(2

.3
)

10
63

 (
2.

3)
22

10
 (

1.
5)

1,
10

8 
(2

.3
)

 
≥3

15
45

 (
3.

1)
27

58
 (

2.
4)

1,
53

8 
(3

.1
)

13
96

 (
3.

0)
26

76
 (

1.
8)

1,
50

6 
(3

.1
)

Diabetes Obes Metab. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yang et al. Page 19
A

bb
re

vi
at

io
ns

: S
G

LT
2i

, s
od

iu
m

-g
lu

co
se

 c
ot

ra
ns

po
rt

er
-2

 in
hi

bi
to

rs
; D

PP
4i

, d
ip

ep
tid

yl
 p

ep
tid

as
e-

4 
in

hi
bi

to
rs

; S
U

, s
ul

fo
ny

lu
re

as
; D

C
SI

, d
ia

be
te

s 
co

m
pl

ic
at

io
n 

se
ve

ri
ty

 in
de

x;
 L

E
A

, l
ow

er
-e

xt
re

m
ity

 
am

pu
ta

tio
n;

 C
O

PD
, c

hr
on

ic
 o

bs
tr

uc
tiv

e 
pu

lm
on

ar
y 

di
se

as
e;

 A
C

E
I,

 a
ng

io
te

ns
in

-c
on

ve
rt

in
g-

en
zy

m
e 

in
hi

bi
to

r;
 A

R
B

, a
ng

io
te

ns
in

 r
ec

ep
to

r 
bl

oc
ke

rs
; G

L
P,

 g
lu

ca
go

n-
lik

e 
pe

pt
id

e;
 H

bA
1c

, h
em

og
lo

bi
n 

A
1c

; 
L

D
L

, l
ow

-d
en

si
ty

 li
po

pr
ot

ei
n

a.
W

ei
gh

te
d 

by
 s

ta
nd

ar
di

zi
ng

 th
e 

co
m

pa
ra

to
r 

dr
ug

 in
iti

at
or

s 
to

 th
e 

po
pu

la
tio

n 
of

 S
G

LT
2i

 in
iti

at
or

s,
 u

si
ng

 th
e 

pr
op

en
si

ty
 s

co
re

 o
dd

s 
(P

S/
(1

-P
S)

),
 to

 e
st

im
at

e 
th

e 
tr

ea
tm

en
t e

ff
ec

t i
n 

th
e 

tr
ea

te
d 

(A
T

T
).

b.
A

ll 
ba

se
lin

e 
ch

ar
ac

te
ri

st
ic

s 
m

ea
su

re
d 

in
 th

e 
on

e 
ye

ar
 (

36
5 

da
ys

) 
pr

io
r 

to
 d

at
e 

of
 c

oh
or

t d
ru

g 
in

iti
at

io
n

Diabetes Obes Metab. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yang et al. Page 20

Ta
b

le
 2

.

C
ru

de
 a

nd
 A

dj
us

te
d 

H
az

ar
d 

R
at

io
 (

H
R

) 
E

st
im

at
es

 f
or

 L
ow

er
-E

xt
re

m
ity

 A
m

pu
ta

tio
n 

(L
E

A
) 

an
d 

w
ith

 I
ni

tia
tio

n 
of

 S
G

LT
2i

 c
om

pa
re

d 
to

 I
ni

tia
tio

n 
of

 O
th

er
 

Se
co

nd
-L

in
e 

G
lu

co
se

 L
ow

er
in

g 
D

ru
gs

, 3
65

-D
ay

 W
as

ho
ut

 P
er

io
d,

 A
s-

T
re

at
ed

 A
na

ly
si

s

C
om

pa
ri

so
n

C
oh

or
t

N
um

be
r 

of
 P

at
ie

nt
s

M
ed

ia
n 

(I
Q

R
) 

F
ol

lo
w

-

up
 T

im
e,

 Y
ea

rs
a

To
ta

l P
er

so
n-

Y
ea

rs
N

um
be

r 
of

 E
ve

nt
sb

C
ru

de
 I

nc
id

en
ce

 
R

at
e,

 p
er

 1
,0

00
 

P
er

so
n-

Y
ea

rs

C
ru

de
 H

R
 (

95
%

 
C

I)
P

S-
w

ei
gh

te
d 

H
R

 
(9

5%
 C

I)

SG
LT

2i
 v

s.
 D

P
P

4i

A
T

 A
na

ly
si

s
SG

LT
2i

49
32

4
0.

42
 (

0.
21

–0
.7

6)
26

75
1

63
2.

4 
(1

.8
–3

.0
)

1.
54

 (
1.

13
–2

.1
0)

1.
69

 (
1.

20
–2

.3
8)

D
PP

4i
11

64
39

0.
47

 (
0.

25
–0

.9
4)

82
94

7
12

2
1.

5 
(1

.2
–1

.8
)

IT
T

 A
na

ly
si

s
SG

LT
2i

49
32

4
0.

64
 (

0.
31

–1
.0

0)
30

36
2

70
2.

3 
(1

.8
–2

.9
)

1.
45

 (
1.

08
–1

.9
3)

1.
43

 (
1.

01
–2

.0
3)

D
PP

4i
11

64
39

1.
00

 (
0.

46
–1

.0
0)

86
18

7
13

6
1.

6 
(1

.3
–1

.9
)

SG
LT

2i
 v

s.
 S

U

A
T

 A
na

ly
si

s
SG

LT
2i

46
87

8
0.

42
 (

0.
21

–0
.7

6)
25

42
7

50
2.

0 
(1

.5
–2

.6
)

1.
06

 (
0.

77
–1

.4
5)

1.
02

 (
0.

67
–1

.5
5)

SU
14

96
23

0.
43

 (
0.

22
–0

.9
1)

10
20

58
18

4
1.

8 
(1

.6
–2

.1
)

IT
T

 A
na

ly
si

s
SG

LT
2i

46
87

8
0.

64
 (

0.
31

–1
.0

0)
28

90
0

56
1.

9 
(1

.5
–2

.5
)

1.
01

 (
0.

75
–1

.3
6)

1.
02

 (
0.

69
–1

.5
0)

SU
14

96
23

1.
00

 (
0.

46
–1

.0
0)

11
03

52
20

7
1.

9 
(1

.6
–2

.1
)

SG
LT

2i
 v

s.
 A

ll 
N

on
-M

et
fo

rm
in

, N
on

-S
G

LT
2i

A
T

 A
na

ly
si

s
SG

LT
2i

15
68

7
0.

35
 (

0.
17

–0
.6

4)
72

75
10

1.
4 

(0
.7

–2
.6

)
0.

66
 (

0.
35

–1
.2

4)
1.

02
 (

0.
54

–1
.9

3)

N
on

-S
G

LT
2i

22
43

63
0.

41
 (

0.
20

–0
.8

6)
14

81
71

28
2

1.
9 

(1
.7

–2
.1

)

IT
T

 A
na

ly
si

s
SG

LT
2i

15
68

7
0.

57
 (

0.
28

–0
.9

7)
91

52
13

1.
4 

(0
.8

–2
.4

)
0.

66
 (

0.
38

–1
.1

6)
1.

06
 (

0.
60

–1
.8

6)

N
on

-S
G

LT
2i

22
43

63
0.

99
 (

0.
44

–1
.0

0)
16

29
58

34
0

2.
1 

(1
.9

–2
.3

)

A
bb

re
vi

at
io

ns
: S

G
LT

2i
, s

od
iu

m
-g

lu
co

se
 c

ot
ra

ns
po

rt
er

-2
 in

hi
bi

to
rs

; D
PP

4i
, d

ip
ep

tid
yl

 p
ep

tid
as

e-
4 

in
hi

bi
to

rs
; S

U
, s

ul
fo

ny
lu

re
as

; I
Q

R
, i

nt
er

qu
ar

til
e 

ra
ng

e;
 P

S,
 p

ro
pe

ns
ity

 s
co

re
; A

T,
 a

s-
tr

ea
te

d;
 I

T
T,

 in
te

nt
io

n-
to

-t
re

at

a.
Fo

llo
w

-u
p 

in
 I

T
T

 a
na

ly
se

s 
w

er
e 

ca
pp

ed
 a

t 1
 y

ea
r 

fo
llo

w
in

g 
in

de
x 

da
te

.

b.
W

e 
ob

se
rv

ed
 5

1,
 5

9,
 a

nd
 1

02
 lo

w
er

-e
xt

re
m

ity
 a

m
pu

ta
tio

n 
ev

en
ts

 b
et

w
ee

n 
th

e 
1s

t  a
nd

 2
nd

 p
re

sc
ri

pt
io

n 
fi

lls
 in

 th
e 

D
PP

4i
, S

U
, a

nd
 n

on
-S

G
LT

2i
 c

om
pa

ri
so

ns
, r

es
pe

ct
iv

el
y.

 T
he

se
 p

at
ie

nt
s 

w
er

e 
no

t e
xc

lu
de

d 
fr

om
 th

e 
pr

im
ar

y 
an

al
ys

is
, b

ut
 w

er
e 

co
ns

id
er

ed
 a

s 
pr

io
r 

am
pu

ta
tio

ns
 f

or
 th

e 
as

se
ss

m
en

t o
f 

su
bg

ro
up

 e
ff

ec
ts

 f
or

 p
at

ie
nt

s 
w

ith
 a

nd
 w

ith
ou

t p
ri

or
 a

m
pu

ta
tio

n 
hi

st
or

y.
 T

he
se

 a
m

pu
ta

tio
ns

 w
er

e 
re

-i
nt

ro
du

ce
d 

as
 

an
al

ys
is

 e
nd

po
in

ts
 f

or
 th

e 
se

ns
iti

vi
ty

 a
na

ly
si

s 
w

he
re

 w
e 

in
cl

ud
e 

pa
tie

nt
s 

w
ith

 a
t l

ea
st

 1
 p

re
sc

ri
pt

io
n 

fi
ll.

Diabetes Obes Metab. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yang et al. Page 21

Ta
b

le
 3

.

St
ud

y 
D

es
ig

n 
C

om
pa

ri
so

n 
of

 P
ub

lis
he

d 
L

ite
ra

tu
re

 A
ss

es
si

ng
 th

e 
A

ss
oc

ia
tio

n 
be

tw
ee

n 
SG

LT
2i

 U
se

 a
nd

 A
m

pu
ta

tio
n 

R
is

k

A
ut

ho
r/

Y
ea

r
(D

at
ab

as
e)

E
xc

lu
si

on
s:

P
ri

or
 in

su
lin

, p
ri

or
 

am
pu

ta
ti

on
, b

as
el

in
e 

C
K

D
/E

SR
D

, b
as

el
in

e 
C

V
D

M
ea

n 
A

ge
 (

ye
ar

s)
In

de
x 

D
ru

g
C

om
pa

ra
to

r 
D

ru
g

E
xp

os
ur

e 
D

ef
in

it
io

n
A

m
pu

ta
ti

on
 

Si
te

 
(i

nc
lu

de
s 

ab
ov

e-
kn

ee
?)

C
on

fo
un

di
ng

 C
on

tr
ol

A
na

ly
ti

c 
A

pp
ro

ac
h

H
R

 (
95

%
 C

I)

N
ea

l 2
01

7
(C

A
N

V
A

S)
N

on
e

63
.3

C
A

N
A

Pl
ac

eb
o

--
-

Y
es

R
an

do
m

iz
at

io
n

IT
T

1.
97

 (
1.

41
–2

.7
5)

N
on

e
63

.3
C

A
N

A
Pl

ac
eb

o
--

-
N

o
R

an
do

m
iz

at
io

n
IT

T
1.

94
 (

1.
31

–2
.8

8)

A
m

pu
ta

tio
n

63
.3

C
A

N
A

Pl
ac

eb
o

--
-

Y
es

R
an

do
m

iz
at

io
n

IT
T

1.
88

 (
1.

27
–2

.7
8)

C
V

D
63

.3
C

A
N

A
Pl

ac
eb

o
--

-
Y

es
R

an
do

m
iz

at
io

n
IT

T
2.

34
 (

1.
53

–3
.5

8)

Y
ua

n 
20

17
(M

ar
ke

tS
ca

n 
C

C
A

E
)

A
m

pu
ta

tio
n

53
.3

SG
LT

2i
A

ll 
no

n-
SG

LT
2i

 A
H

A
b

1+
 R

x
N

o
PS

 m
at

ch
in

g
IT

T
0.

98
 (

0.
68

–1
.4

1)

R
ya

n 
20

18

(M
ar

ke
tS

ca
n 

C
C

A
E

)a
N

on
e

55
C

A
N

A
A

ll 
no

n-
SG

LT
2i

 A
H

A
1+

 R
x

N
o

PS
 m

at
ch

in
g

A
T

0.
56

 (
0.

32
–0

.9
2)

N
on

e
55

C
A

N
A

A
ll 

no
n-

SG
LT

2i
 A

H
A

1+
 R

x
N

o
PS

 m
at

ch
in

g
IT

T
1.

01
 (

0.
80

–1
.2

8)

A
m

pu
ta

tio
n

55
C

A
N

A
A

ll 
no

n-
SG

LT
2i

 A
H

A
1+

 R
x

N
o

PS
 m

at
ch

in
g

A
T

0.
47

 (
0.

25
–0

.8
3)

A
m

pu
ta

tio
n

55
C

A
N

A
A

ll 
no

n-
SG

LT
2i

 A
H

A
1+

 R
x

N
o

PS
 m

at
ch

in
g

IT
T

0.
99

 (
0.

77
–1

.2
7)

In
su

lin
55

C
A

N
A

A
ll 

no
n-

SG
LT

2i
 A

H
A

1+
 R

x
N

o
PS

 m
at

ch
in

g
A

T
1.

10
 (

0.
38

–2
.5

1)

In
su

lin
55

C
A

N
A

A
ll 

no
n-

SG
LT

2i
 A

H
A

1+
 R

x
N

o
PS

 m
at

ch
in

g
IT

T
1.

00
 (

0.
59

–1
.6

0)

In
su

lin
, A

m
pu

ta
tio

n
55

C
A

N
A

A
ll 

no
n-

SG
LT

2i
 A

H
A

1+
 R

x
N

o
PS

 m
at

ch
in

g
A

T
0.

87
 (

0.
26

–2
.1

5)

In
su

lin
, A

m
pu

ta
tio

n
55

C
A

N
A

A
ll 

no
n-

SG
LT

2i
 A

H
A

1+
 R

x
N

o
PS

 m
at

ch
in

g
IT

T
1.

00
 (

0.
58

–1
.6

3)

N
on

e
55

C
A

N
A

Se
le

ct
 n

on
-S

G
LT

2i
 A

H
A

c
1+

 R
x

N
o

PS
 m

at
ch

in
g

A
T

1.
08

 (
0.

65
–1

.7
5)

N
on

e
55

C
A

N
A

Se
le

ct
 n

on
-S

G
LT

2i
 A

H
A

1+
 R

x
N

o
PS

 m
at

ch
in

g
IT

T
0.

96
 (

0.
77

–1
.2

1)

A
m

pu
ta

tio
n

55
C

A
N

A
Se

le
ct

 n
on

-S
G

LT
2i

 A
H

A
1+

 R
x

N
o

PS
 m

at
ch

in
g

A
T

0.
85

 (
0.

47
–1

.4
6)

A
m

pu
ta

tio
n

55
C

A
N

A
Se

le
ct

 n
on

-S
G

LT
2i

 A
H

A
1+

 R
x

N
o

PS
 m

at
ch

in
g

IT
T

0.
93

 (
0.

72
–1

.1
8)

In
su

lin
55

C
A

N
A

Se
le

ct
 n

on
-S

G
LT

2i
 A

H
A

1+
 R

x
N

o
PS

 m
at

ch
in

g
A

T
1.

12
 (

0.
57

–2
.0

4)

In
su

lin
55

C
A

N
A

Se
le

ct
 n

on
-S

G
LT

2i
 A

H
A

1+
 R

x
N

o
PS

 m
at

ch
in

g
IT

T
1.

20
 (

0.
91

–1
.5

7)

In
su

lin
, A

m
pu

ta
tio

n
55

C
A

N
A

Se
le

ct
 n

on
-S

G
LT

2i
 A

H
A

1+
 R

x
N

o
PS

 m
at

ch
in

g
A

T
0.

82
 (

0.
36

–1
.6

8)

In
su

lin
, A

m
pu

ta
tio

n
55

C
A

N
A

Se
le

ct
 n

on
-S

G
LT

2i
 A

H
A

1+
 R

x
N

o
PS

 m
at

ch
in

g
IT

T
1.

07
 (

0.
79

–1
.4

2)

C
ha

ng
 2

01
8

(M
ar

ke
tS

ca
n 

C
C

A
E

)
In

su
lin

, A
m

pu
ta

tio
n

54
.2

SG
LT

2i
D

PP
4i

1+
 R

x
Y

es
SM

R
 w

ei
gh

tin
g

A
T

1.
50

 (
0.

85
–2

.6
7)

In
su

lin
54

.2
SG

LT
2i

D
PP

4i
1+

 R
x

Y
es

SM
R

 w
ei

gh
tin

g
A

T
1.

73
 (

1.
01

–2
.9

8)

In
su

lin
, A

m
pu

ta
tio

n
52

.7
SG

LT
2i

G
L

P-
1 

re
ce

pt
or

 a
go

ni
st

1+
 R

x
Y

es
SM

R
 w

ei
gh

tin
g

A
T

1.
47

 (
0.

64
–3

.3
6)

In
su

lin
52

.7
SG

LT
2i

G
L

P-
1 

re
ce

pt
or

 a
go

ni
st

1+
 R

x
Y

es
SM

R
 w

ei
gh

tin
g

A
T

1.
53

 (
0.

70
–3

.3
4)

Diabetes Obes Metab. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yang et al. Page 22

A
ut

ho
r/

Y
ea

r
(D

at
ab

as
e)

E
xc

lu
si

on
s:

P
ri

or
 in

su
lin

, p
ri

or
 

am
pu

ta
ti

on
, b

as
el

in
e 

C
K

D
/E

SR
D

, b
as

el
in

e 
C

V
D

M
ea

n 
A

ge
 (

ye
ar

s)
In

de
x 

D
ru

g
C

om
pa

ra
to

r 
D

ru
g

E
xp

os
ur

e 
D

ef
in

it
io

n
A

m
pu

ta
ti

on
 

Si
te

 
(i

nc
lu

de
s 

ab
ov

e-
kn

ee
?)

C
on

fo
un

di
ng

 C
on

tr
ol

A
na

ly
ti

c 
A

pp
ro

ac
h

H
R

 (
95

%
 C

I)

In
su

lin
, A

m
pu

ta
tio

n
51

.5
SG

LT
2i

SU
/m

et
fo

rm
in

/T
Z

D
1+

 R
x

Y
es

SM
R

 w
ei

gh
tin

g
A

T
2.

12
 (

1.
19

–3
.7

7)

In
su

lin
51

.5
SG

LT
2i

SU
/m

et
fo

rm
in

/T
Z

D
1+

 R
x

Y
es

SM
R

 w
ei

gh
tin

g
A

T
2.

19
 (

1.
27

–3
.7

7)

A
di

m
ad

hy
am

 2
01

8
(M

ar
ke

tS
ca

n 
C

C
A

E
)

In
su

lin
, C

K
D

54
.7

SG
LT

2i
D

PP
4i

1+
 R

x
Y

es
PS

 m
at

ch
in

g
A

T
1.

38
 (

0.
83

–2
.3

1)

In
su

lin
, C

K
D

, A
m

pu
ta

tio
n

54
.7

SG
LT

2i
D

PP
4i

1+
 R

x
Y

es
PS

 m
at

ch
in

g
A

T
1.

04
 (

0.
63

–1
.7

3)

In
su

lin
, C

K
D

, C
V

D
54

.7
SG

LT
2i

D
PP

4i
1+

 R
x

Y
es

PS
 m

at
ch

in
g

A
T

1.
50

 (
0.

76
–2

.9
7)

In
su

lin
, C

K
D

54
.7

C
A

N
A

D
PP

4i
1+

 R
x

Y
es

PS
 m

at
ch

in
g

A
T

1.
15

 (
0.

64
–2

.0
7)

In
su

lin
, C

K
D

54
.7

SG
LT

2i
D

PP
4i

1+
 R

x
N

o
PS

 m
at

ch
in

g
A

T
1.

38
 (

0.
79

–2
.4

2)

D
aw

w
as

 2
01

8
(M

ar
ke

tS
ca

n 
C

C
A

E
)

A
m

pu
ta

tio
n,

 E
SR

D
54

.5
SG

LT
2i

D
PP

4i
1+

 R
x

N
o

PS
 m

at
ch

in
g

A
T

0.
88

 (
0.

65
–1

.1
5)

A
m

pu
ta

tio
n,

 E
SR

D
54

SG
LT

2i
SU

1+
 R

x
N

o
PS

 m
at

ch
in

g
A

T
0.

74
 (

0.
57

–0
.9

6)

O
ur

 S
tu

dy
(M

ar
ke

tS
ca

n 
C

C
A

E
)

N
on

e
52

.5
SG

LT
2i

D
PP

4i
2+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
A

T
1.

69
 (

1.
20

–2
.3

8)

N
on

e
52

.5
SG

LT
2i

D
PP

4i
2+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
IT

T
1.

43
 (

1.
01

–2
.0

3)

N
on

e
52

.5
SG

LT
2i

SU
2+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
A

T
1.

02
 (

0.
67

–1
.5

5)

N
on

e
52

.5
SG

LT
2i

SU
2+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
IT

T
1.

02
 (

0.
69

–1
.5

0)

N
on

e
52

.5
SG

LT
2i

A
ll 

no
n-

SG
LT

2i
 A

H
A

2+
 R

x
N

o
SM

R
 w

ei
gh

tin
g

A
T

1.
02

 (
0.

54
–1

.9
3)

N
on

e
52

.5
SG

LT
2i

A
ll 

no
n-

SG
LT

2i
 A

H
A

2+
 R

x
N

o
SM

R
 w

ei
gh

tin
g

IT
T

1.
06

 (
0.

60
–1

.8
6)

N
on

e
52

.5
C

A
N

A
D

PP
4i

2+
 R

x
N

o
SM

R
 w

ei
gh

tin
g

A
T

1.
77

 (
1.

22
–2

.5
7)

N
on

e
52

.5
C

A
N

A
SU

2+
 R

x
N

o
SM

R
 w

ei
gh

tin
g

A
T

1.
18

 (
0.

77
–1

.8
3)

N
on

e
52

.5
C

A
N

A
A

ll 
no

n-
SG

LT
2i

 A
H

A
2+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
A

T
0.

85
 (

0.
38

–1
.9

1)

N
on

e
52

.5
SG

LT
2i

D
PP

4i
1+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
A

T
1.

29
 (

0.
95

–1
.7

7)

N
on

e
52

.5
SG

LT
2i

SU
1+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
A

T
0.

84
 (

0.
59

–1
.2

0)

N
on

e
52

.5
SG

LT
2i

A
ll 

no
n-

SG
LT

2i
 A

H
A

1+
 R

x
N

o
SM

R
 w

ei
gh

tin
g

A
T

0.
86

 (
0.

49
–1

.5
0)

In
su

lin
52

.5
SG

LT
2i

D
PP

4i
2+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
A

T
1.

54
 (

1.
06

–2
.2

3)

In
su

lin
52

.5
SG

LT
2i

SU
2+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
A

T
0.

85
 (

0.
55

–1
.3

2)

A
m

pu
ta

tio
n

52
.5

SG
LT

2i
D

PP
4i

2+
 R

x
N

o
SM

R
 w

ei
gh

tin
g

A
T

1.
54

 (
1.

06
–2

.2
3)

A
m

pu
ta

tio
n

52
.5

SG
LT

2i
SU

2+
 R

x
N

o
SM

R
 w

ei
gh

tin
g

A
T

0.
84

 (
0.

54
–1

.3
1)

C
K

D
52

.5
SG

LT
2i

D
PP

4i
2+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
A

T
1.

37
 (

0.
92

–2
.0

5)

C
K

D
52

.5
SG

LT
2i

SU
2+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
A

T
0.

69
 (

0.
43

–1
.1

1)

C
V

D
52

.5
SG

LT
2i

D
PP

4i
2+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
A

T
1.

96
 (

1.
23

–3
.1

2)

C
V

D
52

.5
SG

LT
2i

SU
2+

 R
x

N
o

SM
R

 w
ei

gh
tin

g
A

T
0.

81
 (

0.
46

–1
.4

3)

Diabetes Obes Metab. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yang et al. Page 23

A
ut

ho
r/

Y
ea

r
(D

at
ab

as
e)

E
xc

lu
si

on
s:

P
ri

or
 in

su
lin

, p
ri

or
 

am
pu

ta
ti

on
, b

as
el

in
e 

C
K

D
/E

SR
D

, b
as

el
in

e 
C

V
D

M
ea

n 
A

ge
 (

ye
ar

s)
In

de
x 

D
ru

g
C

om
pa

ra
to

r 
D

ru
g

E
xp

os
ur

e 
D

ef
in

it
io

n
A

m
pu

ta
ti

on
 

Si
te

 
(i

nc
lu

de
s 

ab
ov

e-
kn

ee
?)

C
on

fo
un

di
ng

 C
on

tr
ol

A
na

ly
ti

c 
A

pp
ro

ac
h

H
R

 (
95

%
 C

I)

U
de

ll 
20

18
(U

S 
D

oD
 H

ea
lt

h 
Sy

st
em

)

A
m

pu
ta

tio
n

65
.8

SG
LT

2i
A

ll 
no

n-
SG

LT
2i

 A
H

A
1+

 R
x

N
o

PS
 m

at
ch

in
g

A
T

2.
01

 (
0.

89
–4

.5
3)

A
m

pu
ta

tio
n

65
.8

SG
LT

2i
A

ll 
no

n-
SG

LT
2i

 A
H

A
1+

 R
x

N
o

PS
 m

at
ch

in
g

IT
T

1.
99

 (
1.

12
–3

.5
1)

U
ed

a 
20

18
(S

w
ed

is
h/

D
an

is
h 

N
at

io
na

l R
eg

is
te

r)

E
SR

D
61

SG
LT

2i
G

L
P-

1 
re

ce
pt

or
 a

go
ni

st
1+

 R
x

N
o

PS
 m

at
ch

in
g

A
T

2.
32

 (
1.

37
–3

.9
1)

E
SR

D
61

SG
LT

2i
G

L
P-

1 
re

ce
pt

or
 a

go
ni

st
1+

 R
x

N
o

PS
 m

at
ch

in
g

IT
T

1.
90

 (
1.

25
–2

.8
7)

E
SR

D
, C

V
D

61
SG

LT
2i

G
L

P-
1 

re
ce

pt
or

 a
go

ni
st

1+
 R

x
N

o
PS

 m
at

ch
in

g
A

T
2.

12
 (

0.
96

–4
.6

9)

E
SR

D
, A

m
pu

ta
tio

n,
61

SG
LT

2i
G

L
P-

1 
re

ce
pt

or
 a

go
ni

st
1+

 R
x

N
o

PS
 m

at
ch

in
g

A
T

2.
48

 (
1.

14
–5

.4
0)

A
bb

re
vi

at
io

ns
: C

C
A

E
, C

om
m

er
ci

al
 C

la
im

s 
an

d 
E

nc
ou

nt
er

s;
 D

oD
, D

ep
ar

tm
en

t o
f 

D
ef

en
se

; C
K

D
, c

hr
on

ic
 k

id
ne

y 
di

se
as

e;
 E

SR
D

, e
nd

-s
ta

ge
 r

en
al

 d
is

ea
se

; C
V

D
, c

ar
di

ov
as

cu
la

r 
di

se
as

e;
 S

G
LT

2i
, s

od
iu

m
-

gl
uc

os
e 

co
tr

an
sp

or
te

r-
2 

in
hi

bi
to

r;
 C

A
N

A
, c

an
ag

lif
lo

zi
n;

 D
PP

4i
, d

ip
ep

tid
yl

 p
ep

tid
as

e-
4 

in
hi

bi
to

r;
 G

L
P,

 g
lu

ca
go

n-
lik

e 
pe

pt
id

e;
 S

U
, s

ul
fo

ny
lu

re
a;

 T
Z

D
, t

hi
az

ol
id

in
ed

io
ne

; A
H

A
, a

nt
i-

hy
pe

rg
ly

ce
m

ic
 a

ge
nt

s;
 

R
x,

 p
re

sc
ri

pt
io

n;
 P

S,
 p

ro
pe

ns
ity

 s
co

re
; S

M
R

, s
ta

nd
ar

di
ze

d 
m

or
ta

lit
y 

ra
tio

; I
T

T,
 in

te
nt

io
n-

to
-t

re
at

; A
T,

 a
s-

tr
ea

te
d;

 C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

a.
O

nl
y 

M
ar

ke
tS

ca
n 

C
C

A
E

 r
es

ul
ts

 s
ho

w
n 

fo
r 

R
ya

n 
et

 a
l. 

O
th

er
 r

es
ul

ts
, n

ot
 s

ho
w

n,
 w

er
e 

re
po

rt
ed

 f
or

 M
ar

ke
tS

ca
n 

M
ed

ic
ar

e 
Su

pp
le

m
en

t, 
M

ar
ke

tS
ca

n 
M

ed
ic

ai
d 

Su
pp

le
m

en
t, 

an
d 

O
pt

um
, a

nd
 a

re
 m

ad
e 

av
ai

la
bl

e 
by

 a
ut

ho
rs

 a
t h

ttp
://

da
ta

.o
hd

si
.o

rg
/A

ha
sH

fB
kl

eA
m

pu
ta

tio
n/

b.
A

ll 
no

n-
SG

LT
2i

 A
H

A
: D

PP
4i

, G
L

P-
1 

R
A

, T
Z

D
, S

U
, i

ns
ul

in
, o

th
er

 A
H

A
 (

ac
ar

bo
se

, b
ro

m
oc

ri
pt

in
e,

 m
ig

lit
ol

, n
at

eg
lin

id
e,

 r
ep

ag
lin

id
e)

c.
Se

le
ct

 n
on

-S
G

LT
2i

 A
H

A
: D

PP
4i

, G
L

P-
1 

R
A

, o
th

er
 A

H
A

Diabetes Obes Metab. Author manuscript; available in PMC 2020 May 01.

http://data.ohdsi.org/AhasHfBkleAmputation/

	Abstract
	INTRODUCTION
	METHODS:
	Data Source
	Eligible Population
	Exposure Definition
	Outcome Definitions
	Follow-up
	Confounding Control
	Statistical Analysis
	Sensitivity and Subgroup Analyses

	RESULTS:
	Eligible Cohort
	Primary and Secondary Outcomes
	Sensitivity and Subgroup Analyses

	DISCUSSION:
	CONCLUSIONS:
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.

