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Association of antidiabetic 
therapies with lower 
extremity amputation, 
mortality and healthcare cost 
from a nationwide retrospective 
cohort study in Taiwan
Hsien‑Yen Chang1,2,3, Ying‑Yi Chou4, Wenze Tang5, Guann‑Ming Chang6, Chi‐Feng Hsieh7, 
Sonal Singh8 & Yu‑Chi Tung4* 

We compared risks of clinical outcomes, mortality and healthcare costs among new users of different 
classes of anti‑diabetic medications. This is a population‑based, retrospective, new‑user design cohort 
study using the Taiwan National Health Insurance Database between May 2, 2015 and September 30, 
2017. An individual was assigned to a medication group based on the first anti‑diabetic prescription on 
or after May 1, 2016: SGLT‑2 inhibitors, DPP‑4 inhibitors, GLP‑1 agonists or older agents (metformin, 
etc.). Clinical outcomes included lower extremity amputation, peripheral vascular disease, critical 
limb ischemia, osteomyelitis, and ulcer. We built three Cox proportional hazards models for clinical 
outcomes and mortality, and three regression models with a log‑link function and gamma distribution 
for healthcare costs, all with propensity‑score weighting and covariates. We identified 1,222,436 
eligible individuals. After adjustment, new users of SGLT‑2 inhibitors were associated with 73% lower 
mortality compared to those of DPP‑4 inhibitors or users of older agents, while 36% lower total costs 
against those of GLP‑1 agonists. However, there was no statistically significant difference in the risk 
of lower extremity amputation across medication groups. Our study suggested that SGLT‑2 inhibitors 
is associated with lower mortality compared to DPP 4 inhibitors and lower costs compared to GLP‑1 
agonists.

As of 2015, 23.1 million Americans of all ages have been diagnosed with  diabetes1. An estimated 1.5 million 
U.S. adults aged 18 years or older were additionally diagnosed each  year2. In order to manage blood glucose 
level and prevent long-term macrovascular and microvascular complications, diabetes medications are often 
prescribed apart from necessary lifestyle modification. These medications can be classified into older agents 
such as biguanides (e.g. metformin), sulfonylureas and thiazolidinediones (TZD) and newer agents including 
sodium-glucose cotransporter 2 (SGLT-2) inhibitors, glucagon-like peptide 1 (GLP-1) agonists and dipeptidyl 
peptidase 4 (DPP-4) inhibitors. Compared to some other agents, the SGLT-2 inhibitors work by inhibiting the 
re-absorption of glucose in the kidney.

The first drug under the agent class SGLT-2 inhibitors, canagliflozin, was approved by US Food and Drug 
Administration (FDA) in 2013, followed by the approval of two other drugs under the same class, dapagliflozin 
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and empagliflozin. Subsequent observational studies have yielded inconsistent results regarding risk of death and 
relative cost associated with SGLT-2  inhibitors3–10. However, such studies (1) only compared SGLT-2 inhibitors 
to a single class of other anti-diabetes medication or a reference group that consists of multiple classes of agents, 
and (2) only investigated into either clinical outcome(s) or cost outcome(s)4,5,9,10. Some of the studies also suffer 
from the methodological limitations such as treating switchers as new  users11,12 and potential insufficient con-
founding  adjustment13,14. To address these limitations, we evaluated the association of each class of anti-diabetes 
medications to various outcomes including all-cause mortality, clinical outcomes (including lower-extremity 
amputation), and costs within the same population.

Methods
Study design and data source. We conducted a population-based, retrospective, new-user design cohort 
study using the Taiwan National Health Insurance Research Database (NHIRD) between May 2, 2015 and Sep-
tember 30, 2017 (the study period) to investigate the association between anti-diabetic medications and three 
types of outcomes (clinical outcomes, death and daily healthcare costs). NHIRD, provided by the National 
Health Insurance Administration (NHIA), consists of individual-level healthcare usage data and includes the 
following individual files: inpatient files (including diagnosis codes, procedure codes, medication codes, date 
of admission and discharge, and costs), ambulatory files (including diagnosis codes, procedure codes, date of 
visit, and costs), pharmaceutical files (including medication codes, date of prescription/fill, days of supply, and 
costs), and beneficiary files (including sex, date of birth, and date of death). The Research Ethics Committee of 
the National Taiwan University Hospital approved the study. The requirement of informed consent was waived 
because the dataset we used in this study was deidentified secondary data.

Cohort Derivation. Patients were included in this study if they had the following anti-diabetic medica-
tions records: SGLT-2 inhibitors, DPP-4 inhibitors, GLP-1 agonists, or older agents (metformin, sulfonylureas, 
combinations of oral blood glucose lowering drugs, alpha glucosidase inhibitors, thiazolidinediones, or other 
blood glucose lowering drugs). We used anatomical therapeutic chemical (ATC) code to identify these medica-
tions. Figure 1 depicts the process of selecting study subjects. Regarding patients with SGLT-2 inhibitors, DPP-4 
inhibitors, or GLP-1 agonists, the starting date of the observation (the index date) for patients with any newer 
agent was the first prescription date of such medication on or after May 1, 2016 because it was the first date when 
these new drugs were all available (new user design). Under Taiwan’s National Health Insurance (NHI), SGLT-2 
inhibitors were reimbursed on May 1, 2016, DPP-4 inhibitors were on March 1, 2009, and GLP-1 inhibitors were 
on February 1, 2015. Regarding patients with only older agents, the index date for patients with any older agent 
during the study period was the first prescription date of such medication on or after May 1, 2016. For clinical 
outcomes and death, the last date of observation was defined as the earliest of the following five  dates3: (1) the 
last date with the continuous supply of the index medication at hand plus a grace period of 30 days to account 
for the drug  clearance15; (2) the date before the use of other newer agents (for patients with any new agent); (3) 
the death date; (4) the study end date, September 30, 2017; or (5) the first date of the outcome; patients whose 

Figure 1.  Flowchart of the sample. CLI, critical limb ischemia; DPP-4, dipeptidyl peptidase 4 inhibitors; GLP-1, 
glucagon-like peptide 1 analogues; PVD, peripheral vascular disease; SGLT-2, sodium-glucose cotransporter 2 
inhibitors. *Patients.
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last observation date not equal to the first date of a specific outcome were censored for that given outcome. For 
daily healthcare costs, the last date of observation would be the earliest of the following dates: (1) the last date 
with the continuous supply of the index medication at hand plus 30 days; (2) the date prior to the use of other 
newer agents; (3) the death date; or (4) the study end date, September 30, 2017. The length of observation time 
(days) was calculated as the last date minus the first date plus 1 day.

From 23 million Taiwanese nationals enrolled in Taiwan’s National Health Insurance (NHI), we identified 
2,406,364 patients with anti-diabetic medications. Then, we excluded patients if they met the following criteria: 
younger than 18 years old on the index date; unknown gender; using any newer anti-diabetic medication dur-
ing the baseline period, a 365-day period prior to the index date; using insulin products during the entire study 
period; having records of two or more newer agents on the first prescription for patients with any newer agent; 
having an index date after September 30, 2017; and experiencing an outcome(s) of interest during the baseline 
period. Because amputation was rare and we wanted to include as many patients as possible, we derived two sepa-
rate cohorts: the first cohort included patients without baseline amputation (n = 1,222,436) and the second cohort 
included patients without any baseline clinical outcome (n = 1,180,786). The first cohort was used for analyses 
of outcomes including amputation, all-cause mortality and healthcare costs; the second cohort was used for the 
remaining four clinical outcomes (peripheral vascular disease, critical limb ischemia, osteomyelitis, and ulcer).

Definition of exposure. Patients with any newer medication between May 1, 2016 and September 30, 2017 
were assigned to the corresponding medication group (SGLT-2 inhibitors, DPP-4 inhibitors, or GLP-1 agonists) 
based on the first prescription of the newer medications; the remaining patients with only older agents were 
assigned to a fourth group (“first-line agent”). Patients assigned to newer medication groups might be prescribed 
first-line medications in the baseline period, or we would not have enough patients for this  study3.

Definition of outcomes. We included three types of outcomes: clinical outcomes, death and daily health-
care costs. Clinical outcomes included foot and leg amputation, ulcer, osteomyelitis, peripheral vascular disease, 
and critical limb ischemia; they were defined by administrative codes based on literature  review3,16–21. Detailed 
definitions can be found in the Supplementary Appendix. Both inpatient and outpatient diagnosis codes were 
used for outcome definitions. Date of death was obtained from the beneficiary  files9,12,13. We included three types 
of healthcare costs: total costs (including both medical and pharmacy costs), emergency costs, and inpatient 
 costs14. We summed up the costs incurred over the observation period and divided the amount by the length 
of observation measured in days to derive daily costs by types. Under Taiwan’s NHI, healthcare products and 
services are reimbursed by a floating-point-value mechanism, which adjusts the point value to ensure the total 
amount of payments would not exceed the annual global budget. Based on the fluctuating point mechanism, 1 
point is usually adjusted to slightly less than one New Taiwan Dollar (NTD); we assumed that 1 point was equal 
to 1 NTD for easier  interpretation22.

Definition of confounders. Through literature review, we included the following confounders: demo-
graphics (gender and age), diabetes severity, comorbidities and medication histories during the baseline period. 
We used the adapted Diabetes Complications Severity Index score (aDCSI) to measure a patient’s diabetes 
severity. The aDCSI is composed of a score of 7 diabetes-related complications weighted by severity; the score 
increases as the severity  increases23,24. For comorbidities, we calculated the following medical conditions: cer-
ebrovascular disease, congestive heart failure, ischemic heart disease, hypertension, retinopathy, nephropathy, 
neuropathy, atrial fibrillation, renal disease, and eye  disease3. We also assessed the medication utilization, includ-
ing angiotensin-converting enzyme inhibitors, anticoagulants, angiotensin receptor blockers, aspirin, antiasth-
matic drugs, bile acid sequestrants, carbonic anhydrase inhibitors, calcium channel blockers, fibrates, hormone 
replacement therapy, loop diuretic, β-blockers, platelet aggregation inhibitors, potassium-sparing diuretic, 
statins, and  thiazides3.

Propensity score. In order to ensure the balance of confounding between the SGLT-2 inhibitor group 
and other three groups, 3 sets of propensity score-based weights were developed separately for 2  cohorts3,25–27. 
The logistic regression model, including aforementioned confounders, was used to determine the likelihood of 
becoming a SGLT-2 inhibitor user among new users of SGLT-2 inhibitors and: (1) new users of DPP-4 inhibitors, 
(2) new users of GLP-1agonists, and (3) users of older agents.

Various methods have been used to apply propensity scores; however, each method has its advantages and 
 disadvantages28,29. We adopted propensity score weighting because we wanted to estimate one interpretable 
overall treatment effect and we did not want to lose any observation. The average treatment effect of the treated 
(ATT) weighting was applied to estimate the average treatment effect on new users of SGLT-2 inhibitors; that 
is, we compared risk-adjusted outcomes among new SGLT-2 inhibitor users with the hypothesized situation 
had they taken DPP-4 inhibitors, GLP-1 agonists or other first-line agents instead of SGLT-2 inhibitors. This 
approach is useful when systematic differences may exist between the study sample and the overall  population30. 
The standardized difference was calculated to compare the balance in the baseline confounders before and after 
ATT weighting; a standardized difference less than 0.1 was considered to be  negligible30.

Statistical analysis. Chi-square tests for categorical variables and Kruskal–Wallis tests for continuous vari-
ables were used to assess the differences of patients’ characteristics among 4 medication groups. For each clinical 
outcome and death, we developed 3 separate Cox proportional hazards regression models with ATT weighting 
(with or without potential confounders). For each type of daily costs, we also constructed 3 multivariate linear 
regression models with a log-link function, gamma distribution and ATT weighting (with or without potential 
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confounders)31,32. The gamma distribution was adapted because health care costs usually exhibited non-negative 
and positively skewed distribution; besides, it can account for the higher proportion of people with very high 
 costs31. The log-link function is related to a proportional change in mean  costs31,32. We used SAS Enterprise 
Guide 7.1 for all analyses. All statistical tests were two-tailed and used a type I error rate of 0.05.

Results
Patient characteristics. Table 1 shows the characteristics of the study subjects from the first cohort and 
demonstrates there were significant differences in all covariates among 4 groups of medication users. New users 
of SGLT-2 inhibitors were younger (56.2 vs 65.3 years) and more unlikely to have severe diabetes (1.1 vs 1.4 
scores) and comorbidities of cerebrovascular disease (7.0% vs 12.8%), hypertension (65.6% vs 72.7%), nephropa-
thy (8.2% vs 16.9%), and renal disease (8.4% vs 17.6%) compared with new users of DPP-4 inhibitors. New users 
of SGLT-2 inhibitors were more likely to be male (53.1% v 45.0%) compared with new users of GLP-1 inhibitors. 
New users of SGLT-2 inhibitors were younger (56.2 vs 61.9 years), and more likely to be male (53.1% v 51.6%) 
and have severe diabetes (1.1 vs 0.8 score) and comorbidities of eye disease (11.4% vs 6.6%) compared with users 
of first-line medications. After ATT weighting, the standardized differences of all confounders were reduced 
to 0.03 or smaller in Supplementary Table S1, which suggested that the balance has been achieved between the 
SGLT-2 inhibitor group and other three groups.

In addition, new users of SGLT-2 inhibitors (statin prescriptions: 24.3%, angiotensin receptor blockers: 13.4%, 
anticoagulants: 10.2%, Calcium channel blockers: 13.4%, β-Blockers: 12.6%) were more likely to have statin 
prescriptions, angiotensin receptor blockers , anticoagulants, Calcium channel blockers, andβ-Blockers than 
those using DPP-4 inhibitors (statin prescriptions:18.3%, angiotensin receptor blockers: 10.6%, anticoagulants: 
9.3%, Calcium channel blockers: 12.9%, β-Blockers: 9.3%) and GLP-1 agonists (statin prescriptions:15.3%, anti-
coagulants: 7.4%, Calcium channel blockers: 10.4%, β-Blockers: 9.2%). Use of Platelet aggregation inhibitors 
at baseline is more prevalent among new users of SGLT-2 inhibitor (19.2%) compared to new users of DPP-4 
inhibitors (17.3%), or GLP-1 agonists (16.0%).

Characteristics of the study sample from the second cohort where patients were required not to have had 
any of five clinical outcomes was presented in Supplementary Table S2 and they were similar to those from the 
first cohort.

Crude association between treatment and clinical outcomes/death/costs. Table 2 demonstrates 
the length of observation, the incidence of clinical outcomes, mortality rate and daily healthcare costs by medi-
cation groups. The median observation time was shorter for new users of SGLT-2 inhibitors (median observa-
tion, 310 days; interquartile range, 90–464 days), but longer for those of DPP-4 inhibitors (median observation, 
453 days; interquartile range, 255–488 days). New users of GLP-1 agonists had higher incidence of amputation 
(6.1 per 10,000 person-years) than those of SGLT-2 inhibitors (1.5 per 10,000 person-years) and DPP-4 inhibi-
tors (4.6 per 10,000 person-years) and users of older agents (1.9 per 10,000 person-years). New users of DPP-4 
inhibitors (69.9 per 10,000 person-years) also had higher mortality rate than those of SGLT-2 inhibitors (10.8 
per 10,000 person-years) and GLP-1 agonists (18.3 per 10,000 person-years) and users of older agents (52.5 
per 10,000 person-years). In addition, new users of GLP-1 agonists (NTD$ 364) had higher total costs per day 
than those initiating SGLT-2 inhibitors (NTD$ 235), DPP-4 inhibitors (NTD$ 253) and other older medications 
(NTD$ 174).

Adjusted association between and clinical outcomes/death/costs. Table  3 shows the adjusted 
association of diabetes medicines with outcomes of interest. After propensity score weighting and adjusting for 
potentially confounders, there were statistically significantly lower risks of death associated with new users of 
SGLT-2 inhibitors compared with new users of DPP-4 inhibitors (adjusted hazard ratio [aHR], 0.27; 95% CIs, 
0.12–0.62) or users of first-line agents (aHR, 0.28; 95% CIs, 0.12–0.64), but not compared with new users of 
GLP-1 agonist (aHR, 0.62; 95% CIs, 0.20–1.97). However, there were mostly non-statistically significant risks 
across all five clinical outcomes associated with new users of SGLT-2 inhibitors compared with new users of 
DPP-4 inhibitors and GLP-1 agonists and users of older agents; the only exception was that new users of SGLT-2 
inhibitors were more likely to have higher rates of peripheral vascular diseases compared with new users of 
GLP-1 agonists (aHR, 1.47; 95% CIs, 1.03–2.09).

For cost outcomes, new users of SGLT-2 inhibitors had lower daily total healthcare costs compared with those 
of GLP-1 agonists (adjusted cost ratio (aCR), 0.64; 95% CIs, 0.63–0.66), but higher compared with those of DPP-4 
inhibitors (aCR, 1.13; 95% CIs, 1.12–1.13) or users of first-line medications (aCR, 1.35; 95% CIs, 1.35–1.36); 
new users of SGLT-2 inhibitors had lower daily inpatient costs compared with those of DPP-4 inhibitors (aCR, 
0.87; 95% CIs, 0.84–0.89) and users of first-line medications (aCR, 0.84; 95% CIs, 0.83–0.85), but higher daily 
inpatient costs compared with those of GLP-1 agonists (aCR, 1.12; 95% CIs, 1.07–1.18). We also presented the 
risk-adjusted Kaplan–Meier survival curves in the Supplementary Fig. S1.

Discussion
In this Taiwanese National Health insurance database, new users of SGLT-2 inhibitors are associated with lower 
all-cause mortality compared with new users of DPP-4 inhibitor and users of other older agents, and lower total 
costs compared with new users of GLP-1 agonist. However, there was no difference in the risk of lower-extremity 
amputations between SGLT-2 inhibitor and other agent classes, namely DPP-4 inhibitor, GLP-1 agonist and 
other older agents.

The crude risk of lower-extremity amputation among new SGLT-2 inhibitor users in this study differs from 
previous trials. The CANVAS trial study reported a rate of 6.4 participants per 1000 patient-years for amputation 
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Table 1.  Characteristics of the study sample from first cohort. ACE, angiotensin-converting enzyme; aDCSI, 
adapted Diabetes Complications Severity Index; DPP-4, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide 
1; SD, standard deviation; SGLT-2, sodium-glucose cotransporter 2.

Characteristic
SGLT-2
(n = 8,285)

DPP-4
(n = 174,422)

GLP-1
(n = 1,786)

Other
(n = 1,037,943) P

Female, No. (%) 3,884 46.9 82,015 47.0 982 55.0 501,876 48.4 < 0.001

Age, mean (SD) 56.2 12.0 65.3 11.8 53.6 12.1 61.9 12.8 < 0.001

Age, No. (%)

 18–34 years 368 4.4 1,346 0.8 110 6.2 28,155 2.7 < 0.001

 35–44 years 1,112 13.4 6,645 3.8 340 19.0 69,483 6.7

 45–54 years 2,098 25.3 24,135 13.8 507 28.4 185,397 17.9

 55–64 years 2,796 33.7 54,056 31.0 510 28.6 332,871 32.1

 ≧ 65 years 1,911 23.2 88,240 50.6 319 17.8 422,037 40.6

aDCSI score, mean (SD) 1.1 1.2 1.4 1.5 1.2 1.3 0.8 1.2 < 0.001

aDCSI score, No. (%)

 0 3,456 41.7 59,549 34.1 696 39.0 553,897 53.4 < 0.001

 1 2,314 27.9 44,398 25.5 507 28.4 239,794 23.1

 2 1,527 18.4 36,029 20.7 298 16.7 150,027 14.5

 ≧ 3 988 12.0 34,446 19.7 285 15.9 94,225 9.0

Baseline use of antidiabetes medication, No. (%)

 Biguanides (Metformin) 1,455 17.6 15,709 9.0 201 11.3 245,536 23.7 < 0.001

 Sulfonylureas 1,318 15.9 15,871 9.1 184 10.3 144,052 13.9 < 0.001

 Meglitinide 830 10.0 7,327 4.2 85 4.8 37,777 3.6 < 0.001

 α-glucosidase inhibitor 797 9.6 10,215 5.9 110 6.2 43,155 4.2 < 0.001

 Combinations 1,933 23.3 9,900 5.7 183 10.2 103,415 10.0 < 0.001

 Other drugs 185 2.2 4,725 2.7 51 2.9 20,570 2.0 < 0.001

Baseline comorbidities, No. (%)

 Cerebrovascular disease 581 7.0 22,363 12.8 103 5.8 101,288 9.8 < 0.001

 Congestive heart failure 468 5.6 11,821 6.8 71 4.0 43,987 4.2 < 0.001

 Ischemic heart disease 1,505 18.2 37,589 21.6 235 13.2 157,901 15.2 < 0.001

 Hypertension 5,438 65.6 126,786 72.7 1,191 66.7 685,512 66.0 < 0.001

 Retinopathy 1,128 13.6 29,687 17.0 324 18.1 94,656 9.1 < 0.001

 Nephropathy 677 8.2 29,443 16.9 225 12.6 76,416 7.4 < 0.001

 Neuropathy 513 6.2 14,520 8.3 137 7.7 49,740 4.8 < 0.001

 Atrial fibrillation 133 1.6 4,235 2.4 23 1.3 17,235 1.7 < 0.001

 Renal disease 697 8.4 30,690 17.6 227 12.7 81,048 7.8 < 0.001

 Eye disease 942 11.4 22,699 13.0 272 15.2 68,405 6.6 < 0.001

Baseline medications, No. (%)

 ACE inhibitors 291 3.5 4,828 2.8 45 2.5 36,159 3.5 < 0.001

 Anticoagulants 841 10.2 16,211 9.3 132 7.4 111,157 10.7 < 0.001

 Angiotensin receptor blockers 1,110 13.4 18,571 10.6 194 10.9 137,381 13.2 < 0.001

 Aspirin 744 9.0 14,065 8.1 114 6.4 99,042 9.5 < 0.001

 Asthma 3,228 39.0 62,326 35.7 730 40.9 394,948 38.1 < 0.001

 Bile acid sequestrants 1 0.0 44 0.0 0 0.0 195 0.0 0.290

 Carbonic anhydrase inhibitors 133 1.6 3,785 2.2 32 1.8 15,946 1.5 < 0.001

 Calcium channel blockers 1,110 13.4 22,414 12.9 185 10.4 169,550 16.3 < 0.001

 Fibrates 593 7.2 10,717 6.1 79 4.4 73,390 7.1 < 0.001

 Hormone replacement therapy 262 3.2 3,173 1.8 84 4.7 35,487 3.4 < 0.001

 Loop diuretic 474 5.7 11,675 6.7 91 5.1 49,721 4.8 < 0.001

 β-Blockers 1,045 12.6 16,225 9.3 164 9.2 127,237 12.3 < 0.001

 Platelet aggregation inhibitors 1,593 19.2 30,242 17.3 285 16.0 219,181 21.1 < 0.001

 Potassium-sparing diuretic 182 2.2 3,090 1.8 28 1.6 15,185 1.5 < 0.001

 Statin 2,016 24.3 31,932 18.3 274 15.3 265,112 25.5 < 0.001

 Thiazide 308 3.7 6,206 3.6 50 2.8 38,448 3.7 0.005
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in toes, feet and legs among canagliflozin new users (compared with 3.4 participants per 1000 patient-years 
among placebo patients)8. However, the incidence rate of amputation in this study across all medication groups 
only ranged between 1.5 to 6.1 participants per 10,000 patient-years. This may attribute to the easy healthcare 
access and affordable healthcare under Taiwan’s health system. Therefore, patients would not need to wait till 
the disease becomes very severe to see a doctor.

The CANVAS study concluded an increased risk of amputation caused by canagliflozin use (HR = 1.97; 95% 
CIs [1.41 to 2.75])8,33, which we did not observe in this study. However, a direct comparison of their results with 
ours might not be appropriate. First, the population within CANVAS study is very different from that of our 
study. Our study population has much lower prevalence of baseline use of statin (24.3% vs 74.8%), ACE inhibi-
tors/angiotensin receptor blockers (3.5%/13.4% vs 80.2%), beta blocker (12.6% vs 52.4%) and potassium-sparing 
diuretic (2.2% vs 35.9%) as co-medication across classes of antidiabetic agents, indicating a higher inherent CVD 
risk within CANVAS population. Furthermore, our study adopted three comparison groups consisting of three 
different classes of medications while CANVAS trial only had a placebo reference group. Despite this potential 
incomparability between our study and CANVAS study, the death HRs of all-cause mortality in this study com-
paring new use of SGLT-2 inhibitor to DPP-4 inhibitor and first-line agents were in the direction similar to the 
HR of death reported in EMPA-REG OUTCOME trial comparing empagliflozin to placebo (HR = 0.68; 95% 
CIs, 0.57 to 0.82) and that of CVD-related death reported in CANVAS study comparing canagliflozin to placebo 
(HR = 0.86; 95% CIs, 0.75 to 0.97)8,34.

Our results are in large consistent with some previous observational study. Similar to current findings, a 
real-world meta-analysis of 4 observational databases found insignificantly decreased hazard of below-knee 
lower amputation comparing canagliflozin vs non-SGLT2 medications (HR = 0.75; 95% CIs, 0.40 to 1.41)35. Our 
previous analysis using Truven Commercial Claims and Encounters Data and similar methodology suggested no 

Table 2.  Incidence of amputation and other vascular outcomes, mortality rate and costs per day among new 
users of SLGT-2 inhibitors, DPP-4 inhibitors, GLP-1 agonists, or other oral treatments for type 2 diabetes. 
DPP-4, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide 1; IQR, interquartile range; SGLT-2, sodium-
glucose cotransporter 2.

Cohort SGLT-2 DPP-4 GLP-1 Other

First cohort (excluding amputation during baseline)

Amputation, No 1 82 1 171

 Total No. of person-years 6,507.4 178,188.1 1,634.8 898,430.2

 Rate per 10 000 person-years 1.5 4.6 6.1 1.9

 Observation time, median (IQR), days 310 (90–464) 453 (255–488) 439.5 (151–480) 422 (116–481)

Death 7 1,246 3 4,713

 Total No. of person-years 6,507.9 178,221.1 1,635.0 898,513.5

 Rate per 10 000 person-years 10.8 69.9 18.3 52.5

 Observation time, median (IQR), days 310 (90–464) 453 (255–488) 439.5 (151–480) 422 (116–481)

Cost

 Total cost per day 235 253 364 174

 Emergency cost per day 3 6 6 6

 Inpatient cost per day 37 46 24 36

 Observation time, median (IQR), days 310 (90–464) 453 (255–488) 439.5 (152–480) 422 (116–481)

Second cohort (excluding any outcome during baseline)

Ulcer, No 10 303 3 1,167

 Total No. of person-years 6,294.1 170,468.9 1,577.7 867,221.7

 Rate per 10,000 person-years 15.9 17.8 19.0 13.5

 Observation time, median (IQR), days 310 (90–464) 453 (254–488) 440 (153–480) 420 (114–481)

Osteomyelitis 7 171 3 708

 Total No. of person-years 6,295.2 170,538.1 1,577.0 867,487.5

 Rate per 10,000 person-years 11.1 10.0 19.0 8.2

 Observation time, median (IQR), days 310 (90–464) 453 (254–488) 440 (154–480) 420 (115–481)

Peripheral vascular disease 71 2,257 16 10,999

 Total No. of person-years 6,257.6 169,326.0 1,569.3 861,726.2

 Rate per 10,000 person-years 113.5 133.3 102.0 127.6

 Observation time, median (IQR), days 304 (90–464) 452 (252–487) 439 (152–480) 415 (112–481)

Critical limb ischemia 0 31 1 97

 Total No. of person-years 6,298.4 170,622.8 1,577.7 867,799.1

 Rate per 10,000 person-years 0.0 1.8 6.3 1.1

 Observation time, median (IQR), days 310 (90–464) 453 (255–488) 440 (154–480) 420 (115–481)
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significant increase in risk of foot and leg amputation comparing new SGLT-2 inhibitor use against new DPP-4 
inhibitor (HR = 1.50, 95% CIs, 0.85–2.67) and GLP-1 agonist use (HR = 1.47, 95% CIs, 0.64–3.36); the same study 
found twofold increase in risk of foot and leg amputation when comparing new SGLT-2 inhibitor use against 
older agents grouped together (HR = 2.12; 95% CIs, 1.19–3.77), while this study did  not3. The exception comes 
from the register-based cohort study in Sweden and Denmark, where the researchers identified an increased risk 
of lower-extremity amputation comparing SGLT-2 inhibitor vs GLP-1 receptor agonists (HR = 2.32; 95%CI 1.37 
to 3.91)36. However, due to the extremely low incidence rate of amputation in both SGLT-2 inhibitor and GLP-1 
agonist users, we were underpowered to conduct any meaningful risk comparison between SGLT-2 inhibitor 
and GLP-1 agonist in this study.

Studies utilizing real-world data consistently found users of SGLT-2 inhibitors were associated with lower 
risk of all-cause mortality (relative risks ranging from 0.50 –0.59)9,12, and cardiovascular  mortality11. However, 
many of these observational studies defined their comparison group as a combination of patients who have never 
used any type of anti-diabetic medications and previous users of DPP-4 inhibitor, GLP-1 agonist or other older 
agents. This practice might be problematic as the mortality risk could differ dramatically among (1) patients 
who switched from other previous medications vs. non-switchers and (2) patient initiating on different classes 
of anti-diabetes medications due to various reasons (the existence of other chronic conditions at the time of 
dispense, age, etc.)37.

Available cost studies comparing one anti-diabetic drug or class against another defined costs differently from 
ours. One study that has defined costs closest to ours, i.e. total healthcare cost during baseline and follow-up 
periods, found a cost ratio of 0.95 (p = 0.256) comparing Dapagliflozin cohort against Sitagliptin  cohort14. In 
contrast, our results suggested SGTL-2 is significantly more expensive than DPP-4 inhibitor and older agents but 
cheaper than GLP-1 agonist. This could be explained by the differing prescription patterns and clinical guideline 
associated with treating diabetes in US vs Taiwan.

This study was one of the first studies to assess the effectiveness, safety and costs associated with all available 
classes of anti-diabetes agents within the same population, which put relative risk or cost ratio measures under 
the same framework of reference. Second, we used an active comparator new user design that helps reduce the 
bias by indication and healthy user  bias37. Third, switchers during the follow-up period were properly censored. 
Fourth, covariates based on literature reviews were adjusted as  confounders3,35,38. In addition, the study avoided 
grouping together medications that belong to different agents or classes (such as grouping GLP-1 agonist and 
DPP-4 inhibitor into one reference group), thus provides pharmacologically sound effect estimates.

Our study has limitations. First, our investigation into the foot and leg amputation risk comparing SGLT-2 
inhibitor and GLP-1 agonist in both cohorts is insufficiently powered due to extremely small amount of cases 
in both new user populations. Given the data availability we could only observe the participants for 1 year and 
5 months; even though the observation was not long, it was still between three to four times longer than that 
in a similar study using American claims  data3. Second, the conclusion based on NHIRD might have limited 
external validity for other populations due to differences in clinical practice and health systems. For example, 
traditional Chinese medicine is reimbursable in the treatment of diabetes and other comorbidities under Taiwan 
national health insurance system.

Table 3.  Adjusted association between use of SGLT-2 inhibitors and outcomes of interest. Regressions with 
propensity score weighting adjusted for demographics (gender and age), diabetes severity, comorbidities 
(cerebrovascular disease, congestive heart failure, ischemic heart disease, hypertension, retinopathy, 
nephropathy, neuropathy, atrial fibrillation, renal disease, and eye disease) and medication histories during 
the baseline period (angiotensin-converting enzyme inhibitors, anticoagulants, angiotensin receptor blockers, 
aspirin, antiasthmatic drugs, bile acid sequestrants, carbonic anhydrase inhibitors, calcium channel blockers, 
fibrates, hormone replacement therapy, loop diuretic, β-blockers, platelet aggregation inhibitors, potassium-
sparing diuretic, statins, and thiazides). CI, confidence interval; DPP-4, dipeptidyl peptidase 4; GLP-1, 
glucagon-like peptide 1; HR, hazard ratio.

Cohort

DPP-4 inhibitors GLP-1 agonists Other drugs

HR/Ratio 95%CI HR/Ratio 95%CI HR/Ratio 95%CI

First cohort (excluding amputation during baseline)

Amputation 0.38 (0.04–3.73)  − – 0.61 (0.05–7.36)

Death 0.27 (0.12–0.62) 0.62 (0.20–1.97) 0.28 (0.12–0.64)

Cost

 Total cost per day 1.13 (1.12–1.13) 0.64 (0.63–0.66) 1.35 (1.35–1.36)

 Emergency cost per day 0.78 (0.76–0.80) 1.05 (0.95–1.17) 0.55 (0.55–0.56)

 Inpatient cost per day 0.87 (0.84–0.89) 1.12 (1.07–1.18) 0.84 (0.83–0.85)

Second cohort (excluding any outcome during baseline)

Ulcer 1.20 (0.50–2.88) 1.50 (0.57–3.94) 1.20 (0.49–2.96)

Osteomyelitis 1.27 (0.44–3.65) 0.57 (0.21–1.54) 1.38 (0.46–4.18)

Peripheral vascular disease 1.10 (0.80–1.52) 1.47 (1.03–2.09) 1.01 (0.74–1.40)

Critical limb ischemia  − –  − –  − –



8

Vol:.(1234567890)

Scientific Reports |         (2021) 11:7000  | https://doi.org/10.1038/s41598-021-86516-4

www.nature.com/scientificreports/

Last, as observational studies, even though we attempted to adjust for confounding based on prior  research3,35 
and propensity score weighting, there might still be bias in our estimates due to the unmeasured confounding. For 
example, potential residual confounding that may partially explain the observed reduced risk of death associated 
with SGLT-2 inhibitors use might include other comorbidities (such as cancer, chronic lung and liver disease, and 
dementia), patient socio-economic status, physician characteristics, and regional characteristics. Nevertheless, 
under Taiwan’s national healthcare system where all of these medications are reimbursed and the pharmaceutical 
copayment is low, decision to treat with certain medications are less driven by patient socio-economic status, 
physician characteristics, and regional characteristics than clinical indications, which were rigorously controlled 
for in our statistical model with propensity score weighting. Before propensity score weighting, the DPP-4 users 
were older, and had severe diabetes and more comorbidities. According to Taiwan’s clinical guidelines for diabetes 
care, DPP-4 inhibitors have fewer side effects, including fractures, than other newer  drugs39. In addition, DPP-4 
inhibitors has been reimbursed since March 1, 2009. Therefore, physicians are more likely to prescribe DPP-4 
inhibitors for patients who were older, and had severe diabetes and more comorbidities to avoid side effects. 
Moreover, because of lack of cost related to the management of diabetes and complications among the treatment 
groups, we could not compare the differences in cost among the treatment groups.

Given the differing effectiveness, safety and cost across classes of anti-diabetes medications, future studies 
should focus on the cost–benefit and cost-safety associated with the use of different anti-diabetes drugs or classes 
of such drugs. Future studies may also investigate potential factors that explain the dramatic effect estimates 
under different study design as well as data sources (such as RCT vs observational, or register-based vs claims 
data-based study).

Our study suggested that SGLT-2 inhibitors use is associated with lower risk of mortality compared to the 
use of DPP 4 inhibitors and lower costs compared to the use of GLP-1 agonists. Healthcare providers should 
consider the benefits and drawbacks when prescribing the newer agents for diabetic patients.

Data availability
The data that support the findings of this study are available from NHIA but restrictions apply to the availability 
of these data, which were used under license for the current study, and so are not publicly available. Data are 
however available from the authors upon reasonable request and with permission of the NHIA.

Received: 13 November 2020; Accepted: 15 March 2021

References
 1. National Center for Chronic Disease Prevention and Health Promotion. National Diabetes Statistic Report. https:// www. cdc. gov/ 

featu res/ diabe tes- stati stic- report/ index. html (2017).
 2. National Center for Chronic Disease Prevention and Health Promotion. Incidence of Diagnosed Diabetes. https:// www. cdc. gov/ 

diabe tes/ data/ stati stics- report/ incid ence- diabe tes. html
 3. Chang, H. Y., Singh, S., Mansour, O., Baksh, S. & Alexander, G. C. Association between sodium-glucose cotransporter 2 inhibitors 

and lower extremity amputation among patients with type 2 diabetes. JAMA Int. Med. 178, 1190–1198. https:// doi. org/ 10. 1001/ 
jamai ntern med. 2018. 3034 (2018).

 4. Sicras-Mainar, A. & Navarro-Artieda, R. Healthcare costs of the combination of metformin/dipeptidyl peptidase-4 inhibitors 
compared with metformin/other oral antidiabetes agents in patients with type 2 diabetes and metabolic syndrome. Diabetes 
Technol. Ther. 16, 722–727. https:// doi. org/ 10. 1089/ dia. 2014. 0091 (2014).

 5. Degli Esposti, L., Saragoni, S., Buda, S. & DegliEsposti, E. Clinical outcomes and health care costs combining metformin with 
sitagliptin or sulphonylureas or thiazolidinediones in uncontrolled type 2 diabetes patients. Clinicoecon Outcomes Res 6, 463–472. 
https:// doi. org/ 10. 2147/ ceor. S63666 (2014).

 6. Neal, B. et al. Efficacy and safety of canagliflozin, an inhibitor of sodium-glucose cotransporter 2, when used in conjunction with 
insulin therapy in patients with type 2 diabetes. Diabetes Care 38, 403–411. https:// doi. org/ 10. 2337/ dc14- 1237 (2015).

 7. Fulcher, G. et al. Efficacy and safety of canagliflozin when used in conjunction with incretin-mimetic therapy in patients with type 
2 diabetes. Diabetes Obes. Metab. 18, 82–91. https:// doi. org/ 10. 1111/ dom. 12589 (2016).

 8. Neal, B. et al. Canagliflozin and cardiovascular and renal events in type 2 diabetes. N. Engl. J. Med. 377, 644–657. https:// doi. org/ 
10. 1056/ NEJMo a1611 925 (2017).

 9. Toulis, K. A. et al. All-cause mortality in patients with diabetes under treatment with Dapagliflozin: a population-based, open-
cohort study in the health improvement network database. J. Clin. Endocrinol. Metab. 102, 1719–1725. https:// doi. org/ 10. 1210/ jc. 
2016- 3446 (2017).

 10. Norhammar, A. et al. Dapagliflozin vs non-SGLT-2i treatment is associated with lower healthcare costs in type 2 diabetes patients 
similar to participants in the DECLARE-TIMI 58 trial: a nationwide observational study. Diabetes Obes. Metab. https:// doi. org/ 
10. 1111/ dom. 13852 (2019).

 11. Birkeland, K. I. et al. Cardiovascular mortality and morbidity in patients with type 2 diabetes following initiation of sodium-glucose 
co-transporter-2 inhibitors versus other glucose-lowering drugs (CVD-REAL Nordic): a multinational observational analysis. 
Lancet Diabetes Endocrinol. 5, 709–717. https:// doi. org/ 10. 1016/ s2213- 8587(17) 30258-9 (2017).

 12. Persson, F. et al. Dapagliflozin is associated with lower risk of cardiovascular events and all-cause mortality in people with type 2 
diabetes (CVD-REAL Nordic) when compared with dipeptidyl peptidase-4 inhibitor therapy: a multinational observational study. 
Diabetes Obes. Metab. 20, 344–351. https:// doi. org/ 10. 1111/ dom. 13077 (2018).

 13. Clegg, L. E. et al. Reduction of cardiovascular risk and improved estimated glomerular filtration rate by SGLT2 inhibitors, includ-
ing Dapagliflozin, is consistent across the class: an analysis of the placebo arm of EXSCEL. Diabetes Care 42, 318–326. https:// doi. 
org/ 10. 2337/ dc18- 1871 (2019).

 14. Parker, E. D., Wittbrodt, E. T., McPheeters, J. T. & Frias, J. P. Comparison of healthcare resource utilization and costs in patients 
with type 2 diabetes initiating dapagliflozin versus sitagliptin. Diabetes Obes. Metab. 21, 227–233. https:// doi. org/ 10. 1111/ dom. 
13502 (2019).

 15. Liu, J. J., Lee, T. & DeFronzo, R. A. Why do SGLT2 inhibitors inhibit only 30–50% of renal glucose reabsorption in humans?. 
Diabetes 61, 2199–2204. https:// doi. org/ 10. 2337/ db12- 0052 (2012).

 16. Newton, K. M. et al. The use of automated data to identify complications and comorbidities of diabetes: a validation study. J. Clin. 
Epidemiol. 52, 199–207 (1999).

https://www.cdc.gov/features/diabetes-statistic-report/index.html
https://www.cdc.gov/features/diabetes-statistic-report/index.html
https://www.cdc.gov/diabetes/data/statistics-report/incidence-diabetes.html
https://www.cdc.gov/diabetes/data/statistics-report/incidence-diabetes.html
https://doi.org/10.1001/jamainternmed.2018.3034
https://doi.org/10.1001/jamainternmed.2018.3034
https://doi.org/10.1089/dia.2014.0091
https://doi.org/10.2147/ceor.S63666
https://doi.org/10.2337/dc14-1237
https://doi.org/10.1111/dom.12589
https://doi.org/10.1056/NEJMoa1611925
https://doi.org/10.1056/NEJMoa1611925
https://doi.org/10.1210/jc.2016-3446
https://doi.org/10.1210/jc.2016-3446
https://doi.org/10.1111/dom.13852
https://doi.org/10.1111/dom.13852
https://doi.org/10.1016/s2213-8587(17)30258-9
https://doi.org/10.1111/dom.13077
https://doi.org/10.2337/dc18-1871
https://doi.org/10.2337/dc18-1871
https://doi.org/10.1111/dom.13502
https://doi.org/10.1111/dom.13502
https://doi.org/10.2337/db12-0052


9

Vol.:(0123456789)

Scientific Reports |         (2021) 11:7000  | https://doi.org/10.1038/s41598-021-86516-4

www.nature.com/scientificreports/

 17. Agency for Healthcare Research and Quality. Lower-Extremity Amputation Among Patients with Diabetes Rate. https:// www. quali 
tyind icato rs. ahrq. gov/ Modul es/ PQI_ TechS pec_ ICD10_ v2020. aspx (2020).

 18. Romon, I., Jougla, E., Balkau, B. & Fagot-Campagna, A. The burden of diabetes-related mortality in France in 2002: An analysis 
using both underlying and multiple causes of death. Eur. J. Epidemiol. 23, 327–334. https:// doi. org/ 10. 1007/ s10654- 008- 9235-5 
(2008).

 19. Quan, H. et al. Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative data. Med. Care 43, 
1130–1139 (2005).

 20. Bekwelem, W. et al. Development of administrative data algorithms to identify patients with critical limb ischemia. Vasc. Med. 19, 
483–490. https:// doi. org/ 10. 1177/ 13588 63x14 559589 (2014).

 21. Reinecke, H. et al. Peripheral arterial disease and critical limb ischaemia: Still poor outcomes and lack of guideline adherence. Eur. 
Heart J. 36, 932–938. https:// doi. org/ 10. 1093/ eurhe artj/ ehv006 (2015).

 22. Chi, N. F., Wang, Y., Chien, L. N., Chien, S. C. & Ko, Y. Health care costs and utilization of Dabigatran compared with Warfarin 
for secondary stroke prevention in patients with nonvalvular atrial fibrillation: a retrospective population study. Med. Care 56, 
410–415. https:// doi. org/ 10. 1097/ mlr. 00000 00000 000901 (2018).

 23. Chang, H. Y., Weiner, J. P., Richards, T. M., Bleich, S. N. & Segal, J. B. Predicting costs with diabetes complications severity index 
in claims data. Am. J. Manag. Care 18, 213–219 (2012).

 24. Chang, H. Y., Weiner, J. P., Richards, T. M., Bleich, S. N. & Segal, J. B. Validating the adapted Diabetes Complications Severity Index 
in claims data. Am. J. Manag. Care 18, 721–726 (2012).

 25. Casadaban, L. et al. Adjuvant chemotherapy is associated with improved survival in patients with stage II colon cancer. Cancer 
122, 3277–3287. https:// doi. org/ 10. 1002/ cncr. 30181 (2016).

 26. Chang, H. Y. et al. Anti-diabetic therapies and the risk of acute pancreatitis: a nationwide retrospective cohort study from Taiwan. 
Pharmacoepidemiol. Drug Saf. 24, 567–575. https:// doi. org/ 10. 1002/ pds. 3770 (2015).

 27. Chang, H. Y., Zhou, M., Tang, W., Alexander, G. C. & Singh, S. Risk of gastrointestinal bleeding associated with oral anticoagulants: 
population based retrospective cohort study. BMJ 350, h1585. https:// doi. org/ 10. 1136/ bmj. h1585 (2015).

 28. Harder, V. S., Stuart, E. A. & Anthony, J. C. Propensity score techniques and the assessment of measured covariate balance to test 
causal associations in psychological research. Psychol. Methods 15, 234–249. https:// doi. org/ 10. 1037/ a0019 623 (2010).

 29. Kurth, T. et al. Results of multivariable logistic regression, propensity matching, propensity adjustment, and propensity-based 
weighting under conditions of nonuniform effect. Am. J. Epidemiol. 163, 262–270. https:// doi. org/ 10. 1093/ aje/ kwj047 (2006).

 30. Austin, P. C. An introduction to propensity score methods for reducing the effects of confounding in observational studies. Mul-
tivariate Behav Res 46, 399–424. https:// doi. org/ 10. 1080/ 00273 171. 2011. 568786 (2011).

 31. Chang, H. Y., Kharrazi, H., Bodycombe, D., Weiner, J. P. & Alexander, G. C. Healthcare costs and utilization associated with high-
risk prescription opioid use: a retrospective cohort study. BMC Med. 16, 69. https:// doi. org/ 10. 1186/ s12916- 018- 1058-y (2018).

 32. Leisegang, R. et al. Early and late direct costs in a Southern African antiretroviral treatment programme: a retrospective cohort 
analysis. PLoS Med. 6, e1000189–e1000189. https:// doi. org/ 10. 1371/ journ al. pmed. 10001 89 (2009).

 33. Matthews, D. R. et al. Effects of canagliflozin on amputation risk in type 2 diabetes: the CANVAS Program. Diabetologia 62, 
926–938. https:// doi. org/ 10. 1007/ s00125- 019- 4839-8 (2019).

 34. Zinman, B. et al. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. N. Engl. J. Med. 373, 2117–2128. https:// 
doi. org/ 10. 1056/ NEJMo a1504 720 (2015).

 35. Ryan, P. B. et al. Comparative effectiveness of canagliflozin, SGLT2 inhibitors and non-SGLT2 inhibitors on the risk of hospitali-
zation for heart failure and amputation in patients with type 2 diabetes mellitus: A real-world meta-analysis of 4 observational 
databases (OBSERVE-4D). Diabetes Obes. Metab. 20, 2585–2597. https:// doi. org/ 10. 1111/ dom. 13424 (2018).

 36. Ueda, P. et al. Sodium glucose cotransporter 2 inhibitors and risk of serious adverse events: nationwide register based cohort study. 
BMJ 363, k4365. https:// doi. org/ 10. 1136/ bmj. k4365 (2018).

 37. Lund, J. L., Richardson, D. B. & Sturmer, T. The active comparator, new user study design in pharmacoepidemiology: historical 
foundations and contemporary application. Curr Epidemiol Rep 2, 221–228. https:// doi. org/ 10. 1007/ s40471- 015- 0053-5 (2015).

 38. Hernan, M. A., Sauer, B. C., Hernandez-Diaz, S., Platt, R. & Shrier, I. Specifying a target trial prevents immortal time bias and 
other self-inflicted injuries in observational analyses. J. Clin. Epidemiol. 79, 70–75. https:// doi. org/ 10. 1016/j. jclin epi. 2016. 04. 014 
(2016).

 39. Diabetes Association of the R.O.C. (Taiwan). DAROC Clinical Practice Guidelines for Diabetes Care-2018. http:// www. endo- dm. 
org. tw/ dia/ direct/ index. asp? BK_ KIND= 29& curre nt= 2018% BF% 7D% A7% BF% AFf% C1% 7B% A7% C9% B7% D3% C5% 40% AB% 
FC% A4% DE (2018).

Acknowledgements
The study was supported by grants  f rom the Ministr y of  Science and Technolog y 
(MOST107-2410-H-002-227-MY3).

Author contributions
H.Y.C., Y.Y.C., W.T., and Y.C.T. wrote the first draft of the manuscript. Y.Y.C. and Y.C.T. performed the analysis. 
H.Y.C. and Y.C.T. design the analysis and reviewed the results. G.M.C., C.F.H., and S.S. provided professional 
recommendations for diabetes therapeutics and management. All authors reviewed the manuscript. Y.C.T. is the 
guarantor of this work and takes responsibility for accuracy of the data analysis and the contents of the article.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 86516-4.

Correspondence and requests for materials should be addressed to Y.-C.T.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://www.qualityindicators.ahrq.gov/Modules/PQI_TechSpec_ICD10_v2020.aspx
https://www.qualityindicators.ahrq.gov/Modules/PQI_TechSpec_ICD10_v2020.aspx
https://doi.org/10.1007/s10654-008-9235-5
https://doi.org/10.1177/1358863x14559589
https://doi.org/10.1093/eurheartj/ehv006
https://doi.org/10.1097/mlr.0000000000000901
https://doi.org/10.1002/cncr.30181
https://doi.org/10.1002/pds.3770
https://doi.org/10.1136/bmj.h1585
https://doi.org/10.1037/a0019623
https://doi.org/10.1093/aje/kwj047
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1186/s12916-018-1058-y
https://doi.org/10.1371/journal.pmed.1000189
https://doi.org/10.1007/s00125-019-4839-8
https://doi.org/10.1056/NEJMoa1504720
https://doi.org/10.1056/NEJMoa1504720
https://doi.org/10.1111/dom.13424
https://doi.org/10.1136/bmj.k4365
https://doi.org/10.1007/s40471-015-0053-5
https://doi.org/10.1016/j.jclinepi.2016.04.014
http://www.endo-dm.org.tw/dia/direct/index.asp?BK_KIND=29&current=2018%BF%7D%A7%BF%AFf%C1%7B%A7%C9%B7%D3%C5%40%AB%FC%A4%DE
http://www.endo-dm.org.tw/dia/direct/index.asp?BK_KIND=29&current=2018%BF%7D%A7%BF%AFf%C1%7B%A7%C9%B7%D3%C5%40%AB%FC%A4%DE
http://www.endo-dm.org.tw/dia/direct/index.asp?BK_KIND=29&current=2018%BF%7D%A7%BF%AFf%C1%7B%A7%C9%B7%D3%C5%40%AB%FC%A4%DE
https://doi.org/10.1038/s41598-021-86516-4
https://doi.org/10.1038/s41598-021-86516-4
www.nature.com/reprints


10

Vol:.(1234567890)

Scientific Reports |         (2021) 11:7000  | https://doi.org/10.1038/s41598-021-86516-4

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

http://creativecommons.org/licenses/by/4.0/

	Association of antidiabetic therapies with lower extremity amputation, mortality and healthcare cost from a nationwide retrospective cohort study in Taiwan
	Methods
	Study design and data source. 
	Cohort Derivation. 
	Definition of exposure. 
	Definition of outcomes. 
	Definition of confounders. 
	Propensity score. 
	Statistical analysis. 

	Results
	Patient characteristics. 
	Crude association between treatment and clinical outcomesdeathcosts. 
	Adjusted association between and clinical outcomesdeathcosts. 

	Discussion
	References
	Acknowledgements


