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Clinical outcomes of basal insulin 
and oral antidiabetic agents as an 
add-on to dual therapy in patients 
with type 2 diabetes mellitus
Chih-Ning Cheng1, Chih-Yuan Wang2, Hung-Wei Lin1, Ting-Yu Chang1, Hsu-Ju Lin3, 
Chiahung Chou4,5 & Fang-Ju Lin1,3,6*

While basal insulin remains the most effective antidiabetic agent and substantially reduces the 
risk of hypoglycemia, few studies have examined the comparative effect of basal insulin in the 
real-world setting. This study aimed to assess the outcomes of adding basal insulin compared with 
thiazolidinediones (TZDs) or dipeptidyl peptidase-4 inhibitors (DPP-4is) as a third antidiabetic agent 
in patients with type 2 diabetes mellitus (T2DM). A retrospective cohort study involving T2DM was 
conducted with health administrative data in Taiwan. Patients starting a third antidiabetic agent after 
receiving a metformin-containing dual combination were identified. The study endpoints included 
composite major adverse cardiovascular events (MACEs), all-cause mortality, and hypoglycemia. 
Propensity score matching and Cox modeling were used for analysis. After matching, the basal insulin 
and TZD groups contained 6,101 and 11,823 patients, respectively, and the basal insulin and DPP-4i 
groups contained 6,051 and 11,900 patients, respectively. TZDs and DPP-4is were both associated with 
similar risks of MACEs and hypoglycemia but a lower risk of all-cause mortality than basal insulin (TZDs: 
HR 0.55, 95% CI 0.38–0.81; DPP-4is: HR 0.56, 95% CI 0.39–0.82). Further studies are needed to elucidate 
the findings of increased all-cause mortality risk in patients receiving basal insulin, especially those with 
advanced diabetes.

Diabetes mellitus (DM) substantially increases the risk of cardiovascular diseases (CVDs) and associated deaths; 
therefore, intensive glucose control has long been considered a gold standard to reduce the occurrence of CVDs1. 
The 10-year follow-up study of the UKPDS (UK Prospective Diabetes Study) revealed a beneficial long-term 
effect of early intensive glucose control on the reduction in macrovascular events2, although this effect did not 
appear in other clinical trials with advanced DM populations and relatively short follow-up periods3–5. Insulin 
is regarded as the most effective antidiabetic agent for glycemic control, and it possesses a better ability in the 
preservation of β-cell function than oral hypoglycemic agents (OHAs)6–8. The emergence of long-acting basal 
insulin ameliorates the problem of insulin-associated hypoglycemia9. However, the initiation of insulin therapy 
is often delayed in clinical practice because most patients are reluctant to or inconvenienced by using injectable 
medications10.

The role of basal insulin as an add-on antidiabetic agent remains unclear11–13. Previous studies have shown 
that the combination of metformin and sulfonylureas dominated in dual therapy in the early phase of disease 
management14–17, and other OHAs, such as thiazolidinediones (TZDs) and dipeptidyl peptidase-4 inhibitors 
(DPP-4is), are common treatment options after the failure of dual therapy11,13,16. Several observational studies 
compared insulin to OHAs and noted a significantly increased risk of CVDs or all-cause mortality associated 
with insulin18–23. However, most of these studies included short-acting insulin in their analysis, and the related 
hypoglycemic events might have increased the calculated risk of CVDs18,20–22. Only few studies, including the 
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ORIGIN (Outcome Reduction with an Initial Glargine Intervention) trial, have specifically examined the risk of 
cardiovascular events linked to basal insulin19,23,24. Therefore, this study aimed to investigate the risk of cardio-
vascular events, all-cause mortality, and severe hypoglycemic events associated with basal insulin compared with 
TZDs or DPP-4is as an add-on antidiabetic agent following dual OHA combination therapy.

Results
Patient characteristics.  Of the 1,997,762 adult patients diagnosed with new-onset DM between 2003 and 
2014, 138,110 patients who were administered a third antidiabetic agent were included in the analysis (Fig. 1). 
There were 6,483 patients (4.7%) in the basal insulin group, 49,181 patients (35.6%) in the TZD group, and 82,446 
patients (59.7%) in the DPP-4i group. The basal insulin group contained approximately 10%, 56%, and 34% of 
patients with NPH, insulin glargine, and insulin detemir, respectively. In each treatment group, approximately 
89% of the patients received dual therapy consisting of metformin and sulfonylureas before receiving an inten-
sification therapy agent. In the basal insulin group, previous dual therapy consisting of TZDs and DPP-4is was 
administered in 42 and 337 patients, respectively, and these patients were excluded from the following analyses 
of their respective drug classes. Figure 1 shows the process of study population selection and the final cohorts 
included in the outcome analysis after 1:2 propensity score (PS) matching.

Tables 1 and 2 present the cohort characteristics before and after PS matching. Before matching, the patients 
in the basal insulin group were younger, were male-dominated, were more likely to receive dual therapy as the 
initial treatment, had shorter DM duration, had lower HbA1c order rates in one year, and had more hospitaliza-
tions and emergency room (ER) visits than those in the TZD and DPP-4i groups. In addition, patients in the basal 
insulin group had lower prevalence rates of hypertension and dyslipidemia and used less related drugs, including 
angiotensin-converting enzyme (ACE) inhibitors/angiotensin receptor blockers (ARBs), calcium channel block-
ers (CCBs), and statins, than those in the other groups. After PS matching, no significant differences in patient 
characteristics were found between the treatment groups. The median daily dose of TZDs and DPP-4is were 0.7 
and 0.9 defined daily dose (DDD)25, respectively.

Cardiovascular events, all-cause mortality, and hypoglycemia.  In the main analysis of the 
as-treated approach, the median follow-up time for the composite major adverse cardiovascular events (MACEs) 
was 0.35, 0.46, and 0.52 years, in the basal insulin, TZD, and DPP-4i groups, respectively. There was no significant 
difference in the risk of MACEs, hypoglycemia, or individual cardiovascular (CV) events among the treatment 
groups (Table 3). In contrast, the hazard ratio (HR) of all-cause mortality was significantly lower in the TZD (HR 
0.55, 95% CI 0.38–0.81) and DPP-4i (HR 0.56, 95% CI 0.39–0.82) groups than in the basal insulin group.

Sensitivity and subgroup analyses.  The results of the sensitivity analyses are presented in Supplemental 
Tables S1–S4. With the intention-to-treat analytic approach, patients in the basal insulin, TZD, and DPP-4i 
groups were followed for 4.16, 4.52, and 4.09 years, respectively, and similar results were found for most of the 
outcomes, including MACEs and all-cause mortality. However, the risk of ischemic stroke was significantly higher 
in the TZD group (HR 1.25, 95% CI 1.03–1.50) than the basal insulin group. On the other hand, the risk of CV 

Figure 1.  Flow chart of study population selection. Abbreviations: DM, diabetes mellitus; DPP-4is, 
dipeptidylpeptidase-4 inhibitors; OHAs, oral hypoglycemic agents; TZDs, thiazolidinediones.

https://doi.org/10.1038/s41598-020-62646-z


3Scientific Reports |         (2020) 10:5746  | https://doi.org/10.1038/s41598-020-62646-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

Characteristics

Full cohort before matching
Propensity score-matched (1:2) 
cohort

Basal 
insulin 
(n = 6,441)

TZDs 
(n = 49,181) S.D.

Basal 
insulin 
(n = 6,101)

TZDs 
(n = 11,823) S.D.

Age, mean ± SD 52.6 ± 12.6 55.8 ± 10.8 0.28 52.9 ± 12.5 53.8 ± 11.6 0.08

Male, n (%) 4,087 (63.5) 27,745 (56.4) 0.15 3,822 (62.7) 7,378 (62.4) 0.01

Index year, n (%) 0.23 0.04

   2008–2009 1,641 (25.5) 15,987 (32.5) 1,613 (26.4) 3,269 (27.7)

   2010–2011 1,890 (29.3) 16,133 (32.8) 1,837 (30.1) 3,650 (30.9)

   2012–2013 1,924 (29.9) 11,968 (24.3) 1,768 (29.0) 3,302 (27.9)

   2014 986 (15.3) 5,093 (10.4) 883 (14.5) 1,602 (13.6)

First DM drug, n (%) 0.34 0.05

   Metformin 1,076 (16.7) 9,874 (20.1) 1,066 (17.5) 2,036 (17.2)

   Other OHA 1,279 (19.9) 15,986 (32.5) 1,271 (20.8) 2,688 (22.7)

   Dual therapy as the initial 
treatment 4,086 (63.4) 23,321 (47.4) 3,764 (61.7) 7,099 (60.0)

Type of OHA used with 
metformin for dual therapy 0.28 0.05

   Sulfonylureas 5,826 (90.5) 47,602 (96.8) 5,635 (92.4) 11,069 (93.6)

   DPP-4is 337 (5.2) 649 (1.3) 251 (4.1) 395 (3.3)

   Meglitinides 249 (3.9) 650 (1.3) 187 (3.1) 305 (2.6)

   α-glucosidase inhibitors 29 (0.5) 280 (0.6) 28 (0.5) 54 (0.5)

Time since the first DM 
drug (years), mean ± SD 2.6 ± 2.8 3.7 ± 2.5 0.43 2.7 ± 2.8 2.9 ± 2.5 0.07

Time since the second DM 
drug (years), mean ± SD 2.0 ± 2.4 2.9 ± 2.3 0.39 2.1 ± 2.4 2.2 ± 2.2 0.07

aDCSI 0.16 0.03

   0 3,119 (48.4) 24,061 (48.9) 2,959 (48.5) 5,779 (48.9)

   1 1,247 (19.4) 12,231 (24.9) 1,223 (20.1) 2,489 (21.1)

   ≥2 2,075 (32.2) 12,889 (26.2) 1,919 (31.5) 3,555 (30.1)

HbA1c order count in 
1 year 0.38 0.06

   ≤2 3,790 (58.8) 19,955 (40.6) 3,465 (56.8) 6,359 (53.8)

   3–4 1,790 (27.8) 20,927 (42.6) 1,778 (29.1) 3,711 (31.4)

   5–6 655 (10.2) 6,731 (13.7) 653 (10.7) 1,360 (11.5)

   >6 206 (3.2) 1,568 (3.2) 205 (3.4) 393 (3.3)

Baseline PDC of dual 
therapy (%) 0.26 0.05

   ≤30 1,048 (16.3) 6,003 (12.2) 1,024 (16.8) 1,985 (16.8)

   30–50 838 (13.0) 9,522 (19.4) 837 (13.7) 1,756 (14.9)

   50–80 999 (15.5) 10,508 (21.4) 993 (16.3) 2,077 (17.6)

   >80 3,556 (55.2) 23,148 (47.1) 3,247 (53.2) 6,005 (50.8)

Hypoglycemia history, 
n (%) 52 (0.8) 127 (0.3) 0.08 44 (0.7) 72 (0.6) 0.01

Number of outpatients 
visits in 1 year 0.37 0.03

   ≤12 2,087 (32.4) 8,449 (17.2) 1,827 (30.0) 3,406 (28.8)

   13–24 2,017 (31.3) 20,525 (41.7) 1,984 (32.5) 3,898 (33.0)

   25–36 1,176 (18.3) 11,219 (22.8) 1,154 (18.9) 2,316 (19.6)

   37–48 581 (9.0) 4,708 (9.6) 569 (9.3) 1,114 (9.4)

   >48 580 (9.0) 4,280 (8.7) 567 (9.3) 1,089 (9.2)

Number of hospitalizations 
in 1 year 0.32 0.03

   0 1,483 (23.0) 17,439 (35.5) 1,472 (24.1) 2,981 (25.2)

   1–2 2,359 (36.6) 18,105 (36.8) 2,208 (36.2) 4,191 (35.5)

   ≥3 2,599 (40.4) 13,637 (27.7) 2,421 (39.7) 4,651 (39.3)

Number of ER admissions 
in 1 year 0.40 0.04

   0 4,036 (62.7) 39,481 (80.3) 3,973 (65.1) 7,918 (67.0)

   1 1,512 (23.5) 6,765 (13.8) 1,340 (22.0) 2,463 (20.8)

   ≥2 893 (13.9) 2,935 (6.0) 788 (12.9) 1,442 (12.2)

Continued
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death was lower in both the TZD and DPP-4i treatment groups (HR 0.77 [95% CI 0.60–0.99] and 0.66 [0.51–
0.86], respectively) than in the basal insulin group. In the remaining sensitivity analyses, the results were all con-
sistent with the main analysis. For the comparison of basal insulin and TZDs with regard to all-cause mortality, 
the E-values were 3.04 for the HR point estimate and 1.77 for the lower limit of the HR confidence interval. It 
means that residual confounding could pull the observed association toward the null if there exists an unmeas-
ured confounder having a relative risk association at least as large as 3.04 with both TZDs exposure and all-cause 
mortality. For the comparison of basal insulin and DPP-4is with regard to all-cause mortality, the E-values were 
2.97 for the HR point estimate and 1.74 for the lower limit of the HR confidence interval.

Characteristics

Full cohort before matching
Propensity score-matched (1:2) 
cohort

Basal 
insulin 
(n = 6,441)

TZDs 
(n = 49,181) S.D.

Basal 
insulin 
(n = 6,101)

TZDs 
(n = 11,823) S.D.

Cardiovascular history, 
n (%) 1,929 (30.0) 16,516 (33.6) 0.08 1,891 (31.0) 3,710 (31.4) 0.01

Comorbidities, n (%)

   Myocardial infarction 115 (1.8) 755 (1.5) 0.02 112 (1.8) 204 (1.7) 0.01

   Other coronary artery 
disease 1,021 (15.9) 9,700 (19.7) 0.10 1,011 (16.6) 1,981 (16.8) 0.00

   Cerebrovascular disease 735 (11.4) 4,909 (10.0) 0.05 712 (11.7) 1,329 (11.2) 0.01

   Hypertension 3,410 (52.9) 31,667 (64.4) 0.23 3,338 (54.7) 6,532 (55.3) 0.01

   Dyslipidemia 3,756 (58.3) 35,373 (71.9) 0.29 3,667 (60.1) 7,383 (62.5) 0.05

   Heart failure 392 (6.1) 2,845 (5.8) 0.01 385 (6.3) 706 (6.0) 0.01

   Peripheral vascular 
disease 227 (3.5) 2,115 (4.3) 0.04 226 (3.7) 402 (3.4) 0.02

   Dysrhythmia 402 (6.2) 3,542 (7.2) 0.04 389 (6.4) 757 (6.4) 0.00

   Valvular heart disease 178 (2.8) 1,299 (2.6) 0.01 174 (2.9) 319 (2.7) 0.01

   Depression 301 (4.7) 1,406 (2.9) 0.10 276 (4.5) 518 (4.4) 0.01

   Bipolar disorder 107 (1.7) 443 (0.9) 0.07 97 (1.6) 174 (1.5) 0.01

   Schizophrenia 118 (1.8) 570 (1.2) 0.06 113 (1.9) 226 (1.9) 0.00

   Anxiety 1,208 (18.8) 9,160 (18.6) 0.00 1,143 (18.7) 2,259 (19.1) 0.01

   Chronic kidney disease 126 (2.0) 1,011 (2.1) 0.01 123 (2.0) 266 (2.3) 0.02

   Malignancy 469 (7.3) 2,330 (4.7) 0.11 437 (7.2) 821 (6.9) 0.01

   Autoimmune disease 868 (13.5) 5,841 (11.9) 0.05 835 (13.7) 1,594 (13.5) 0.01

   Transplantation 12 (0.2) 42 (0.1) 0.03 12 (0.2) 21 (0.2) 0.00

   Asthma/COPD 1,108 (17.2) 8,416 (17.1) 0.00 1,069 (17.5) 2,005 (17.0) 0.01

Comedications, n (%)

   α-blockers 190 (3.0) 1,425 (2.9) 0.00 182 (3.0) 340 (2.9) 0.01

   β-blockers 1,565 (24.3) 13,345 (27.1) 0.06 1,517 (24.9) 2,944 (24.9) 0.00

   ACEIs/ARBs 2,574 (40.0) 23,864 (48.5) 0.17 2,514 (41.2) 4,964 (42.0) 0.02

   Calcium channel blockers 2,205 (34.2) 20,232 (41.1) 0.14 2,141 (35.1) 4,183 (35.4) 0.01

   Diuretics 1,176 (18.3) 7,798 (15.9) 0.06 1,103 (18.1) 2,062 (17.4) 0.02

   Renin inhibitors 9 (0.1) 86 (0.2) 0.01 9 (0.2) 20 (0.2) 0.01

   Statins 2,428 (37.7) 23,664 (48.1) 0.21 2,375 (38.9) 4,824 (40.8) 0.04

   Fibrates 1,103 (17.1) 10,652 (21.7) 0.11 1,076 (17.6) 2,184 (18.5) 0.02

   Other lipid-lowering 
agents 189 (2.9) 1,172 (2.4) 0.03 178 (2.9) 345 (2.9) 0.00

   Aspirin 1,521 (23.6) 12,416 (25.3) 0.04 1,471 (24.1) 2,878 (24.3) 0.01

   P2Y12 inhibitors 173 (2.7) 1,000 (2.0) 0.04 170 (2.8) 287 (2.4) 0.02

   Other antiplatelets 359 (5.6) 3,273 (6.7) 0.05 351 (5.8) 715 (6.1) 0.01

   Anticoagulants 97 (1.5) 360 (0.7) 0.07 88 (1.4) 154 (1.3) 0.01

   Nitrates 472 (7.3) 3,146 (6.4) 0.04 452 (7.4) 871 (7.4) 0.00

   Digoxin 129 (2.0) 598 (1.2) 0.06 125 (2.1) 212 (1.8) 0.02

   Atypical antipsychotics 385 (6.0) 1,788 (3.6) 0.11 357 (5.9) 658 (5.6) 0.01

   Systemic steroids 1,701 (26.4) 11,443 (23.3) 0.07 1,600 (26.2) 3,041 (26.7) 0.01

Table 1.  Baseline characteristics of the patients who received basal insulin or a TZD as a third antidiabetic 
agent. Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; aDCSI, adapted diabetes 
complication severity index; ARBs, angiotensin receptor blockers; COPD, chronic obstructive pulmonary 
disease; DM, diabetes mellitus; DPP-4is, dipeptidylpeptidase-4 inhibitors; ER, emergency room; OHA, oral 
hypoglycemic agent; PDC, proportion of days covered; S.D., standardized difference; SUs, sulfonylureas; TZD, 
thiazolidinedione.
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Characteristics

Full cohort before matching
Propensity score-matched (1:2) 
cohort

Basal 
insulin 
(n = 6,146)

DPP-4is 
(n = 82,446) S.D.

Basal 
insulin 
(n = 6,051)

DPP-4is 
(n = 11,900) S.D.

Age, mean ± SD 52.6 ± 12.5 56.7 ± 11.5 0.34 52.7 ± 12.5 53.2 ± 11.8 0.04

Male, n (%) 3,899 (63.4) 47,271 (57.3) 0.13 3,828 (63.3) 7,512 (63.1) 0.00

Index year, n (%) 0.71 0.04

   2008–2009 1,645 (26.8) 4,477 (5.4) 1,551 (25.6) 2,845 (23.9)

   2010–2011 1,862 (30.3) 19,110 (23.2) 1,861 (30.8) 3,707 (31.2)

   2012–2013 1,795 (29.2) 40,105 (48.6) 1,795 (29.7) 3,620 (30.4)

   2014 844 (13.7) 18,754 (22.8) 844 (14.0) 1,728 (14.5)

First DM drug, n (%) 0.32 0.03

   Metformin 1,012 (16.5) 21,711 (26.3) 1,009 (16.7) 2,108 (17.7)

   Other OHA 1,276 (20.8) 21,716 (26.3) 1,266 (20.9) 2,504 (21.0)

   Dual therapy as the initial treatment 3,858 (62.8) 39,019 (47.3) 3,776 (62.4) 7,288 (61.2)

Type of OHA used with metformin 
for dual therapy 0.17 0.03

   Sulfonylureas 5,826 (94.8) 78,989 (95.8) 5,744 (94.9) 11,337 (95.3)

   TZDs 42 (0.7) 791 (1.0) 42 (0.7) 89 (0.8)

   Meglitinides 249 (4.1) 1,469 (1.8) 236 (3.9) 409 (3.4)

   α-glucosidase inhibitors 29 (0.5) 1,197 (1.5) 29 (0.5) 65 (0.6)

Time since the first DM drug (years), 
mean ± SD 2.7 ± 2.8 3.9 ± 3.0 0.44 2.7 ± 2.8 2.7 ± 2.7 0.02

Time since the second DM drug 
(years), mean ± SD 2.1 ± 2.4 2.9 ± 2.7 0.35 2.1 ± 2.4 2.1 ± 2.3 0.02

aDCSI 0.11 0.04

   0 2,945 (47.9) 35,520 (43.1) 2,907 (48.0) 5,881 (49.4)

   1 1,206 (19.6) 19,327 (23.4) 1,197 (19.8) 2,403 (20.2)

   ≥2 1,995 (32.5) 27,599 (33.5) 1,947 (32.2) 3,616 (30.4)

HbA1c order count in 1 year 0.44 0.03

   ≤2 3,546 (57.7) 30,534 (37.0) 3,455 (57.1) 6,634 (55.8)

   3–4 1,757 (28.6) 31,279 (37.9) 1,754 (29.0) 3,535 (29.7)

   5–6 643 (10.5) 15,784 (19.1) 642 (10.6) 1,345 (11.3)

   >6 200 (3.3) 4,849 (5.9) 200 (3.3) 386 (3.2)

Baseline PDC of dual therapy (%) 0.28 0.01

   ≤30 1,023 (16.6) 9,799 (11.9) 1,007 (16.6) 1,982 (16.7)

   30–50 822 (13.4) 19,051 (23.1) 819 (13.5) 1,654 (13.9)

   50–80 983 (16.0) 14,718 (17.9) 981 (16.2) 1,955 (16.4)

   >80 3,318 (54.0) 38,878 (47.2) 3,242 (53.6) 6,309 (53.0)

Hypoglycemia history, n (%) 49 (0.8) 438 (0.5) 0.03 47 (0.8) 86 (0.7) 0.01

Number of outpatients visits in 1 year 0.29 0.02

   ≤12 1,940 (31.6) 15,815 (19.2) 1,883 (31.1) 3,689 (31.0)

   13–24 1,946 (31.7) 31,984 (38.8) 1,932 (31.9) 3,885 (32.7)

   25–36 1,131 (18.4) 18,688 (22.7) 1,120 (18.5) 2,157 (18.1)

   37–48 567 (9.2) 8,371 (10.2) 563 (9.3) 1,134 (9.5)

   >48 562 (9.1) 7,588 (9.2) 553 (9.1) 1,035 (8.7)

Number of hospitalizations in 1 year 0.28 0.04

   0 1,405 (22.9) 27,139 (32.9) 1,404 (23.2) 2,893 (24.3)

   1–2 2,233 (36.3) 31,258 (37.9) 2,211 (36.5) 4,453 (37.4)

   ≥3 2,508 (40.8) 24,049 (29.2) 2,436 (40.3) 4,554 (38.3)

Number of ER admissions in 1 year 0.26 0.02

   0 3,875 (63.1) 61,688 (74.8) 3,853 (63.7) 7,677 (64.5)

   1 1,432 (23.3) 13,953 (16.9) 1,381 (22.8) 2,705 (22.7)

   ≥2 839 (13.7) 6,805 (8.3) 817 (13.5) 1,518 (12.8)

Cardiovascular history, n (%) 1,862 (30.3) 34,017 (41.3) 0.23 1,850 (30.6) 3,669 (30.8) 0.01

Comorbidities, n (%)

   Myocardial infarction 107 (1.7) 2,994 (3.6) 0.12 107 (1.8) 218 (1.8) 0.00

   Other coronary artery disease 991 (16.1) 20,207 (24.5) 0.21 985 (16.3) 1,918 (16.1) 0.00

Continued
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For the subgroup analysis (Fig. 2), we found that the reduced risk of all-cause mortality associated with TZD/
DPP-4i use was more prominent in patients whose diabetes had occurred for more than two years (TZD: HR 0.35 
[95% CI 0.19–0.62]; DPP-4i: HR 0.32 [0.18–0.57]) (P value for interaction both <0.05). Moreover, females tended 
to have a higher risk of hypoglycemia than males when receiving TZD as the third antidiabetic agent (P value for 
interaction <0.05), although the increased risk of TZD compared to basal insulin in females was not significantly 
different (female HR 1.79 [95% CI 0.98–3.28] vs. male HR 0.71 [0.45–1.14]). No other subgroup differences were 
observed. The results of different types of basal insulins are presented in Supplemental Tables S5–S7, but the sam-
ple numbers were too small to conclude.

Discussion
The present study showed that the risks of MACEs and hypoglycemia were similar in type 2 DM (T2DM) patients 
treated with basal insulin compared to TZDs and DPP-4is as an add-on to dual OHA combination therapy. 
However, patients treated with basal insulin presented a higher risk of all-cause mortality than patients treated 
with TZDs and DPP-4is, especially those who endured long-term diabetes. The consistent results in the sensi-
tivity analyses, particularly the intention-to-treat (ITT) analysis with a much increased follow-up time, further 
validated these associations. These results indicate that TZDs or DPP-4is as add-on therapies after the failure of 

Characteristics

Full cohort before matching
Propensity score-matched (1:2) 
cohort

Basal 
insulin 
(n = 6,146)

DPP-4is 
(n = 82,446) S.D.

Basal 
insulin 
(n = 6,051)

DPP-4is 
(n = 11,900) S.D.

   Cerebrovascular disease 707 (11.5) 11,851 (14.4) 0.09 702 (11.6) 1,274 (10.7) 0.03

   Hypertension 3,302 (53.7) 54,774 (66.4) 0.26 3,270 (54.0) 6,425 (54.0) 0.00

   Dyslipidemia 3,623 (59.0) 58,217 (70.6) 0.25 3,589 (59.3) 7,170 (60.3) 0.02

   Heart failure 377 (6.1) 6,883 (8.4) 0.09 377 (6.2) 706 (5.9) 0.01

   Peripheral vascular disease 221 (3.6) 3,455 (4.2) 0.03 220 (3.6) 433 (3.6) 0.00

   Dysrhythmia 389 (6.3) 7,954 (9.7) 0.12 387 (6.4) 732 (6.2) 0.01

   Valvular heart disease 175 (2.9) 3,560 (4.3) 0.08 174 (2.9) 331 (2.8) 0.01

   Depression 291 (4.7) 3,030 (3.7) 0.05 285 (4.7) 514 (4.3) 0.02

   Bipolar disorder 98 (1.6) 854 (1.0) 0.05 94 (1.6) 145 (1.2) 0.03

   Schizophrenia 115 (1.9) 902 (1.1) 0.06 112 (1.9) 190 (1.6) 0.02

   Anxiety 1,163 (18.9) 16,745 (20.3) 0.03 1,144 (18.9) 2,216 (18.6) 0.01

   Chronic kidney disease 122 (2.0) 2,235 (2.7) 0.05 122 (2.0) 238 (2.0) 0.00

   Malignancy 444 (7.2) 5,401 (6.6) 0.03 440 (7.3) 817 (6.9) 0.02

   Autoimmune disease 835 (13.6) 11,279 (13.7) 0.00 824 (13.6) 1,597 (13.4) 0.01

   Transplantation 12 (0.2) 133 (0.2) 0.01 12 (0.2) 23 (0.2) 0.00

   Asthma/COPD 1,056 (17.2) 15,755 (19.1) 0.05 1,047 (17.3) 2,004 (16.8) 0.01

Comedications, n (%)

   α-blockers 187 (3.0) 3,112 (3.8) 0.04 186 (3.1) 365 (3.1) 0.00

   β-blockers 1,505 (24.5) 25,780 (31.3) 0.15 1,489 (24.6) 2,840 (23.9) 0.02

   ACEIs/ARBs 2,475 (40.3) 44,391 (53.8) 0.27 2,459 (40.6) 4,846 (40.7) 0.00

   Calcium channel blockers 2,121 (34.5) 36,781 (44.6) 0.21 2,103 (34.8) 4,109 (34.5) 0.00

   Diuretics 1,131 (18.4) 13,529 (16.4) 0.05 1,104 (18.2) 2,093 (17.6) 0.02

   Renin inhibitors 9 (0.2) 470 (0.6) 0.07 9 (0.2) 20 (0.2) 0.00

   Statins 2,324 (37.8) 42,554 (51.6) 0.28 2,311 (38.2) 4,655 (39.1) 0.02

   Fibrates 1,073 (17.5) 14,870 (18.0) 0.02 1,055 (17.4) 2,101 (17.7) 0.01

   Other lipid-lowering agents 182 (3.0) 4,141 (5.0) 0.11 182 (3.0) 395 (3.3) 0.02

   Aspirin 1,462 (23.8) 24,651 (29.9) 0.14 1,448 (23.9) 2,779 (23.4) 0.01

   P2Y12 inhibitors 163 (2.7) 3,900 (4.7) 0.11 163 (2.7) 326 (2.7) 0.00

   Other antiplatelets 348 (5.7) 5,030 (6.1) 0.02 344 (5.7) 681 (5.7) 0.00

   Anticoagulants 90 (1.5) 1,501 (1.8) 0.03 90 (1.5) 170 (1.4) 0.00

   Nitrates 449 (7.3) 8,838 (10.7) 0.12 445 (7.4) 868 (7.3) 0.00

   Digoxin 125 (2.0) 1,546 (1.9) 0.01 124 (2.1) 235 (2.0) 0.01

   Atypical antipsychotics 372 (6.1) 3,239 (3.9) 0.10 366 (6.1) 661 (5.6) 0.02

   Systemic steroids 1,628 (26.5) 20,199 (24.5) 0.05 1,600 (26.4) 3,143 (26.4) 0.00

Table 2.  Baseline characteristics of the patients who received basal insulin or a DPP-4i as a third anti-
diabetic agent. Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; aDCSI, adapted diabetes 
complication severity index; ARBs, angiotensin receptor blockers; COPD, chronic obstructive pulmonary 
disease; DM, diabetes mellitus; DPP-4is, dipeptidylpeptidase-4 inhibitors; ER, emergency room; OHA, oral 
hypoglycemic agent; PDC, proportion of days covered; S.D., standardized difference; SUs, sulfonylureas; TZD, 
thiazolidinediones.
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dual therapy could be a safer option than basal insulin as an add-on therapy, specifically for patients with more 
advanced DM.

The present study focused on comparing third antidiabetic agents because it has been revealed that the use 
of basal insulin is usually delayed; for instance, the results of a previous study found that Taiwanese patients 
received an average of 2.7 OHAs before starting basal insulin therapy26. Earlier studies on the treatment patterns 
of antidiabetic agents in Taiwan indicated that over 70% of dual therapy regimens involved a combination of 
metformin and sulfonylureas14,15. The resistance against the initiation of insulin may result from misconceptions 
about insulin, the inconvenience of injectable medications, and the easy accessibility of other oral treatment 
options, such as TZDs and DPP-4is10. While insulin has been demonstrated to preserve β-cells better than met-
formin and sulfonylureas by replacing endogenous insulin to induce β-cell rest6–8, similar effects were also found 
with TZDs and DPP-4is. TZDs are effective insulin sensitizers, and DPP-4is affect glucose regulation through 
multiple mechanisms by increasing incretin levels12. Both drugs not only preserve β-cells by reducing apoptosis 
but also improve β-cell function by maintaining or stimulating proliferation27. With similar pharmacological 
effects and uses in therapy, TZDs and DPP-4is are ideal comparators for evaluating the outcomes of basal insulin 
as a third-line therapy.

Several observational studies have explored the cardiovascular outcomes of insulin, but the findings have 
been inconsistent, especially among different active comparators18–21,23. When sulfonylureas were compared 
with insulin, the studies yielded comparable cardiovascular results between the treatments18,19. When DPP-4is 
were selected as a reference, the risk of macrovascular events appeared to be higher in patients receiving insulin 
treatment than in those receiving DPP-4i treatment. For instance, Nystrom et al. noted that the risk of fatal and 
non-fatal CVDs in the insulin arm was 1.39 times as much as in the DPP-4i arm for second-line treatment after 
metformin monotherapy21. Jil et al. also reported that the risk of composite outcome (non-fatal acute myocardial 
infarction (AMI), non-fatal stroke or all-cause death) was 1.6 times higher in patients receiving intensified treat-
ment with insulin than in patients receiving intensified treatment with DPP-4is following dual-therapy failure20. 

No. of 
events

Median (IQR) time to 
event (years)

Follow-up time 
(person-years)

Incidence rate (per 
1000 person-years) Hazard ratio

MACEs

   Basal insulin 36 0.40 (0.14–0.96) 4,035 8.92 Reference

   TZDs 103 0.35 (0.16–0.90) 9,513 10.83 1.24 (0.85–1.82)

   Basal insulin 37 0.38 (0.14–0.80) 3,984 9.29 Reference

   DPP-4is 103 0.44 (0.19–0.95) 11,085 9.29 1.06 (0.73–1.54)

All-cause mortality

   Basal insulin 46 0.37 (0.25–0.73) 4,043 11.38 Reference

   TZDs 61 0.57 (0.25–1.22) 9,543 6.39 0.55 (0.38–0.81)

   Basal insulin 45 0.38 (0.25–0.73) 3,992 11.27 Reference

   DPP-4is 69 0.52 (0.30–1.02) 11,140 6.19 0.56 (0.39–0.82)

Hypoglycemia

   Basal insulin 49 0.19 (0.08–0.72) 3,527 13.89 Reference

   TZDs 117 0.42 (0.19–0.94) 8,532 13.71 1.01 (0.72–1.41)

   Basal insulin 49 0.19 (0.09–0.72) 3,480 14.08 Reference

   DPP-4is 101 0.37 (0.12–1.10) 10,091 10.01 0.78 (0.55–1.10)

Myocardial infarction

   Basal insulin 10 0.55 (0.16–1.16) 4,040 2.48 Reference

   TZDs 27 0.38 (0.15–1.38) 9,536 2.83 1.16 (0.56–2.40)

   Basal insulin 10 0.55 (0.16–1.16) 3,989 2.51 Reference

   DPP-4is 20 0.37 (0.22–0.69) 11,131 1.80 0.75 (0.35–1.62)

Ischemic stroke

   Basal insulin 22 0.38 (0.13–1.12) 4,038 5.45 Reference

   TZDs 68 0.33 (0.16–0.79) 9,520 7.14 1.35 (0.84–2.19)

   Basal insulin 23 0.37 (0.13–1.12) 3,987 5.77 Reference

   DPP-4is 73 0.45 (0.17–1.07) 11,098 6.58 1.21 (0.76–1.94)

Cardiovascular death

   Basal insulin 5 0.72 (0.21–0.76) 4,043 1.24 Reference

   TZDs 9 0.39 (0.28–0.80) 9,543 0.94 0.77 (0.26–2.30)

   Basal insulin 5 0.72 (0.21–0.76) 3,992 1.25 Reference

   DPP-4is 13 0.38 (0.30–0.86) 11,140 1.17 1.03 (0.36–2.92)

Table 3.  Numbers of events, incidence rates and hazard ratios of the studied outcomes (MACEs, all-cause 
mortality, hypoglycemia and individual cardiovascular outcomes) (as-treated analysis). Abbreviations: DPP-4is, 
dipeptidylpeptidase-4 inhibitors; IQR, interquartile range; MACEs, major adverse cardiovascular events; TZDs, 
thiazolidinediones.
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However, both studies included short-acting insulin in the analyses, which might obscure the effect of basal 
insulin. In contrast, one study compared the cardiovascular risk of NPH insulin to DPP-4is as a third antidiabetic 
agent and showed no significant increased risk among the treatment groups23. However, no study has directly 
compared the cardiovascular events associated with insulin and those associated with TZDs. In one study that 
compared various glucose-lowering agents as add-on medications to metformin and used sulfonylurea as the 
reference group, the risks of CVDs in the TZD and DPP-4i groups were significantly lower, while the risk of CVDs 
in the basal insulin group was similar to that in the sulfonylurea reference group19.

Figure 2.  Subgroup analyses of (a) MACEs, (b) all-cause mortality, and (c) hypoglycemia. Abbreviations: 
CI, confidence interval; DM, diabetes mellitus; DPP-4is, dipeptidylpeptidase-4 inhibitors; HR, hazard ratio; 
MACEs, major adverse cardiovascular event; TZDs, thiazolidinediones.
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Our findings showed similar risks of macrovascular events among the treatment groups, but the short expo-
sure or follow-up times might have resulted in an insufficient effect or insignificant difference in the study drugs. 
In addition, our study population comprised relatively young patients with a short DM duration, and the reduced 
cardiovascular risk could be less pronounced in the young population. There remains debate as to whether inten-
sive glycemic control leads to improved CV outcomes, no difference in risk or increased mortality. The incon-
sistent results in prior studies may originate from different study populations, the administration of early or late 
intensive glycemic control, and the lack of a long-term follow-up period in which cardiovascular benefits can be 
observed2–5,24,28,29.

Despite the inconsistent findings regarding CV events, nearly all the observational studies, including ours, found 
that insulin therapy was associated with an increased risk of all-cause mortality18–21. In addition, our study found 
that the increased risk of all-cause mortality associated with basal insulin therapy was even more prominent in 
patients who had more than two years of diabetic history. The results moderately corresponded with the ACCORD 
(Action to Control Cardiovascular Risk in Diabetes) trial3, which included an advanced DM population with an 
increased risk of mortality due to intensive glycemic treatment. The exact mechanism remains unclear; presumably, 
the increased risk could possibly be related to hypoglycemia and CV-related death. Hypoglycemia is known to pro-
voke unstable hemodynamics and dysrhythmia and might result in an increased number of cardiovascular events 
and sudden death30. In the analysis by Kuo et al., after post-index hypoglycemia was controlled to account for the 
potential effect on all-cause mortality, the increased risks associated with insulin therapy no longer existed (the HR 
decreased from 1.48 [95% CI 1.01–2.17] to 1.30 [0.84–1.99])22. The latest American Diabetes Association guideline 
has recently revised the recommendations for choosing antidiabetic agents and suggests that a GLP-1 agonist, an 
injectable medication, is preferred over basal insulin to reduce the risk of hypoglycemia and weight gain13. While the 
present study showed that the risk of hypoglycemia was comparable among the treatment groups, the diagnosis of 
hypoglycemia may not be sensitive enough, and it is unlikely that the increased risks of all-cause mortality can all be 
attributed to the occurrence of hypoglycemia. More studies are warranted to investigate the mechanism of increased 
risk of death in patients treated with basal insulin.

Our study has several strengths. This study utilized a nationwide claims database, resulting in a large sam-
ple size to investigate the outcomes of basal insulin as a third antidiabetic agent for therapy intensification. In 
addition, financial issues do not affect the treatment choice or our study validity because the National Health 
Insurance in Taiwan did not impose specific reimbursement policy for the related use of TZD, DPP-4i, and basal 
insulin in diabetic patients. We also performed a series of sensitivity analyses to ascertain the robustness of the 
study results. The study results of MACEs, all-cause mortality, and hypoglycemia were consistent and therefore 
increased the credibility of our findings. Finally, this study provides additional insights into treatment strategies, 
revealing a safety concern associated with basal insulin, which is in line with the recommendation of the delayed 
use of basal insulin in the latest clinical guideline13.

There are several limitations in the present study. To ensure sufficient power in the outcome analysis, we 
utilized a broader definition for identifying patients with stable dual treatment (i.e., receiving metformin and 
one other OHA for more than 14 days in an outpatient setting) before starting the third antidiabetic agent. The 
definition might have resulted in enrolling patients who changed their treatment regimen frequently, but the 
results remained consistent in the sensitivity analysis, which only included patients who completed dual therapy 
for at least 90 days. This definition in this sensitivity analysis also aligned with the clinical guideline recom-
mendation stating that a new antidiabetic agent should be added if an appropriate HbA1c level is not achieved 
after approximately three months of dual therapy12. Another limitation is the lack of laboratory results in the 
claims database. HbA1c is an important indicator of DM control. Although many proxies of disease severity (e.g., 
adapted Diabetes Complication Severity Index (aDCSI) score, time since first antihyperglycemic agents, disease 
burden, and HbA1c order rate) were adjusted to mitigate confounding effects, residual bias was still possible. 
Moreover, we failed to adjust for unmeasured confounders such as baseline body mass index (BMI), weight gain, 
and history of smoking in the analysis. Nonetheless, we reported the E-values, which indicate how strongly an 
unmeasured confounder must be related to the treatment and outcome to explain away a significant risk estimate. 
One of the strengths of the E-value approach is that it makes no assumptions specifying the nature of unmeasured 
confounder or the strength of the confounding association31. In our analysis of all-cause mortality, the E-values 
were respectively 3.04 and 2.97 for the comparison of basal insulin vs. TZDs and DPP-4is, and thus substantial 
unmeasured confounding would be needed to reduce the observed association to null. For example, several stud-
ies have assessed the impact of BMI and smoking on all-cause mortality32–34, and their risk estimates showed it 
might be implausible to have an unmeasured confounder associated with both treatment choice and all-cause 
mortality by a risk ratio of 3-fold. Last, similar to many other studies, we defined medication exposure only based 
on pharmacy dispensing records, and true medication adherence was unknown.

The present nationwide cohort study identified the safety outcomes of initiating basal insulin compared with 
TZDs and DPP-4is after the failure of dual therapy. No increased risk was found for cardiovascular events and 
hypoglycemia; however, an increased risk of all-cause mortality was observed in patients receiving basal insulin. 
Regarding safety concerns, as the latest clinical guideline suggested, there is no apparent benefit to initiating early 
basal insulin therapy when other OHA choices, such as DPP-4is and TZDs, are available. Further studies are 
needed to determine the mechanism of the increased risk in all-cause mortality in patients receiving basal insulin, 
especially those with advanced DM.

Methods
Data source.  This retrospective cohort study utilized nationwide data from 2002–2015 from the National 
Health Insurance Research Database (NHIRD) in Taiwan. The claims cover more than 99.9% of the 23 million 
residents and contain complete records of outpatient, inpatient, ER, and pharmacy data. This study was approved 
by the Research Ethics Committee of the National Taiwan University Hospital (201710009RINC). Owing to the 
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anonymous nature of the data, informed consent was waived by the ethics committee for the entire study. All 
methods were performed in accordance with the relevant guidelines and regulations.

Study population.  The study population consisted of T2DM patients aged between 20 and 80 years with at 
least two outpatient or one inpatient diagnosis of new-onset diabetes (International Classification of Diseases, 
Ninth Revision, Clinical Modification [ICD-9-CM] code 250) between January 1, 2003, and December 31, 2014. 
Patients who received metformin and one of the other OHAs (sulfonylureas, meglitinides, TZDs, DPP-4is, or 
α-glucosidase inhibitors) for at least 14 days in the outpatient setting preceding the administration of a third 
antidiabetic agent were identified. Patients who were administered basal insulin, TZDs, or DPP-4is as a third 
antidiabetic agent after 2008 were included, and the first date of triple therapy was defined as the index date. The 
included patients were required to continue the triple therapy for at least two prescription cycles. Patients were 
excluded from the analysis if two or more antidiabetic agents were added at the same time after dual therapy or if 
the third antidiabetic agent was not a DPP-4i, a TZD, or basal insulin.

Exposure.  The use of basal insulin (NPH, insulin glargine, and insulin detemir) as a third antidiabetic agent 
was compared to the use of TZDs (pioglitazone and rosiglitazone) and DPP-4is (sitagliptin, saxagliptin, vildaglip-
tin, and linagliptin) separately. When comparing basal insulin and TZDs, we excluded patients with prior dual 
therapy containing TZDs. Likewise, when comparing basal insulin and DPP-4is, we excluded patients with prior 
dual therapy containing DPP-4is. The duration of each drug was calculated by days of drug supply, and when 
determining drug discontinuation, half of the supply days were considered a grace period to account for delayed 
refills35.

Outcome definition.  The study outcome included MACEs, all-cause mortality, hypoglycemia, and indi-
vidual cardiovascular events. MACEs were defined as hospitalization with a primary diagnosis of AMI (ICD-
9-CM codes 410.x), ischemic stroke (433.x, 434.x), or CV death. All-cause mortality was determined based 
on the National Death Registry, and CV deaths were further defined considering the following CV causes: (1) 
heart-related; (2) hypertension-related; (3) cerebrovascular-related; (4) artery-, arteriole-, or capillary-related; 
and (5) vein-related. Hypoglycemia was defined as an ER visit or hospitalization with a diagnosis of hypoglycemic 
coma (251.0), other hypoglycemia (251.1, 251.2), or diabetes with other specified manifestations (250.8 without 
co-diagnosis codes 259.8, 272.7, 681.x, 682.x, 689.x, 707.1–707.9, 709.3, 730.0–730.2, or 781.8)36. Patients were 
followed until the occurrence of the study outcome, start of a new antidiabetic agent, discontinuation of study 
drug (basal insulin, TZD or DPP-4i), death, or end of 2015, whichever came first. To identify all related events, 
MACEs, all-cause mortality, and individual CV outcomes were followed for an additional 30 days after starting a 
fourth antidiabetic agent or discontinuation of the study drug.

Covariates.  The study covariates, including age, sex, index year, clinical characteristics, and healthcare 
resource utilization (HCRU), were collected over a baseline period of one year prior to (and including) the index 
date. We included the following variables to assess and control for the baseline condition of diabetes: first antidi-
abetic agent, dual therapy medication other than metformin, time from the first antidiabetic agent to the index 
date (as a proxy of disease duration), duration of dual therapy, number of HbA1c tests in the past year, baseline 
proportion of days covered (PDC) by antidiabetic drugs (an estimate of medication adherence)37, aDCSI score 
(as a proxy of DM severity)38, and history of previous hypoglycemia. Patients’ HCRU in the past year, in terms of 
the numbers of outpatient visits, ER visits, and hospitalizations, were considered as proxies of their general health 
condition and disease burden.

The following comorbidities present during the baseline period were identified (Supplemental Table S8): myo-
cardial infarction (MI), other coronary arterial diseases (CAD), peripheral vascular disease (PVD), cerebrovascu-
lar disease, heart failure (HF), dysrhythmia, valvular heart disease (VHD), hypertension, dyslipidemia, chronic 
kidney disease, diseases that possibly require the frequent use of corticosteroids (autoimmune diseases, trans-
plantation, asthma or chronic obstructive pulmonary disease), and mental disorders (depression, bipolar disor-
der, schizophrenia or anxiety). The data were adjusted for comedications, including α-blockers, β-blockers, ACE 
inhibitors, ARBs, renin inhibitors, CCBs, diuretics, nitrates, digoxin, lipid-lowering agents, antiplatelet agents, 
anticoagulants, atypical antipsychotics, and systemic steroids.

Statistical analysis.  Patient demographics, baseline characteristics, diabetes condition, comorbidities, and 
comedications were compared between the users of basal insulin and TZDs or DPP-4is. Continuous variables 
were expressed as means ± standard deviations, and categorical variables were expressed as numbers and pro-
portions. A PS model was developed by including all the covariates in the logistic regression39. The comparison 
groups were 1:2 matched by PS (using nearest-neighbor matching with a caliper width equal to 0.2 times the 
standard deviation of the logit of the PS)40 as well as a history of cardiovascular disease (i.e., presence of MI, 
CAD, PVD, cerebrovascular disease, HF, dysrhythmia, or VHD). The balance in the baseline covariates between 
the exposure groups before and after PS matching was evaluated by standardized differences. A standardized 
difference of less than 0.1 indicated a negligible difference41. Cox proportional hazards models were then used 
to estimate the HRs of each study outcome between the comparison groups of basal insulin and TZDs/DPP-4is.

A series of sensitivity analyses were performed to ascertain the consistency of the results. First, an ITT 
approach was applied for all study outcomes except hypoglycemia. In the ITT analysis, every patient was fol-
lowed until the occurrence of the study outcome, death, or the end of 2015. Second, the dual therapy before the 
intensification therapy was confined to the combination of metformin and sulfonylureas. Third, the definition of 
dual therapy was restricted to combined use for at least 90 days to obtain results for a population in which the 
treatment strategy was in accordance with the clinical guideline42. Fourth, a strict definition of hypoglycemia was 
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used to include only the events recorded in the primary diagnosis. Fifth, to study the hypoglycemia outcome, one 
additional censoring criterion was applied; patient follow-up was censored when any of the first two antidiabetic 
agents was discontinued since the risk of hypoglycemia could change after altering the triple combination. Last, 
to evaluate the robustness of significant associations to potential unmeasured confounders, the E-values were cal-
culated to present the minimum strength of the association that an unmeasured confounder would need to have 
with both the treatment and outcome to explain away the observed treatment-outcome association31.

Subgroup analyses were conducted to evaluate the differential effects of exposure among subpopulations with 
regard to (1) age (<65, ≥65 years); (2) sex (male, female); (3) history of cardiovascular disease (without, with); 
and (4) diabetes duration (<2, ≥2 years). Due to the limited number of patients with previous hypoglycemic 
events, we did not stratify the subgroups according to the presence or absence of hypoglycemia history. To explore 
the clinical outcomes of different types of basal insulins, we further divided basal insulins into NPH, insulin 
glargine, and insulin detemir.

All data analyses were performed using SAS, version 9.4 (SAS Institute, Cary, NC, USA). Two-sided P values 
less than 0.05 were considered statistically significant.

Data availability
The data that support the findings of this study are available from Taiwan’s Ministry of Health and Welfare but 
restrictions apply to the availability of these data, which were used under license for the current study, and so are 
not publicly available.
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