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Context: The long-term safety and benefit of pioglitazone use in combination with insulin 

are still uncertain. 

Objective: This study compared the risks of all-cause mortality and major cardiovascular 

(CV) events between pioglitazone users and nonusers receiving insulin therapy. 

Design, Setting and Patients: We conducted a 13-year retrospective cohort study by using 

data from the population-based National Health Insurance Research Database in Taiwan. A 

total of 20,376 patients with type 2 diabetes mellitus (T2DM) receiving insulin therapy were 

enrolled during 2000–2012. Overall, the incidence rates of all-cause mortality and CV events 

were compared between 2579 pioglitazone users and 2579 matched nonusers. 

Results: After adjustment for age, sex, comorbidities, Diabetes Complications Severity Index 

scores, and drugs used, mortality rates were 30.26 and 15.02 per 1000 person-years for 

pioglitazone nonusers and users, respectively. The adjusted hazard ratio (aHR) of mortality 

was 0.47 (95% confidence interval [CI]: 0.38–0.58, p < 0.001) for pioglitazone users 

compared with nonusers. The aHRs of CV and non-CV deaths were 0.78 (95% CI: 0.51–

1.19) and 0.50 (95% CI: 0.38–0.66), respectively. The aHRs of hospitalized coronary artery 

disease, hospitalized stroke, and incident heart failure were not significantly different 

between pioglitazone users and nonusers. 

Conclusions: This nationwide cohort study demonstrated that pioglitazone use reduced the 

risks of all-cause mortality and non-CV death for patients with T2DM undergoing insulin 

therapy. 

  

Précis The combination of insulin and pioglitazone lowered the risk of all-cause mortality 

compared with pioglitazone non-users. Pioglitazone might be a beneficial complementary 

agent for insulin treatment. 
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Introduction 

Type 2 diabetes mellitus (T2DM) is a progressive disease. Upon the diagnosis of T2DM, 

most patients are found to have a 50% decrease in their insulin secretion, and this percentage 

continues to decline. Hence, most patients require insulin treatment (1). Even with insulin 

therapy, approximately 70% of diabetic patients do not reach their glycaemic target (2). A 

study reported that insulin-treated patients had poorer prognosis than did non–insulin-treated 

patients, possibly because of the long duration of the disease with multiple comorbidities (3). 

Most of the insulin-treated patients also received oral antidiabetic drugs (OADs); however, 

the combination of insulin and OAD that can result in better outcomes and improved 

prognosis remains unknown. 

Thiazolidinediones (TZDs) are a class of OADs that improve metabolic control in 

T2DM patients by increasing their insulin sensitivity. TZDs exert antidiabetic effects through 

a mechanism involving the activation of the nuclear receptor known as peroxisome 

proliferator-activated receptor gamma (4). Pioglitazone, a TZD, is effective in many 

important biological processes; for example, it could improve insulin resistance, glucose 

metabolism, and inflammation in the liver, skeletal muscle, and adipose tissue (5). From a 

mechanistic point of view, pioglitazone as an insulin sensitizer with anti-inflammatory 

activity (6) might be beneficial when combined with insulin. 

Several randomized controlled trials (RCTs) have reported that pioglitazone resulted in 

significant improvement in the glycaemic control of insulin-treated T2DM patients (7–11). 

However, these were all short-term clinical trials that did not evaluate long-term outcomes. 

The long-term safety and benefit of pioglitazone use in combination with insulin are still 

uncertain. Therefore, we conducted this nationwide cohort study to evaluate the risk of all-

cause mortality and major cardiovascular (CV) events between patients receiving insulin 

combined with pioglitazone and those receiving insulin plus non-pioglitazone. 
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Materials and Methods 

Data source 

In the present study, data were used from the National Health Insurance Research 

Database (NHIRD). A single-payer and compulsory National Health Insurance (NHI) 

programme was implemented in Taiwan in 1995, and 99% of the 23 million people residing 

in Taiwan are enrolled in the NHI programme (12). The NHIRD contains information 

regarding ambulatory and inpatient claims, drug prescriptions, and medical procedures. The 

Longitudinal Health Insurance Database 2000 (LHID2000) contains all the original claims 

data of 1,000,000 beneficiaries randomly sampled from the beneficiaries of the NHI in 2000. 

Data variables included details of birthday, sex, medical order, procedures, and medical 

diagnosis with codes based on International Classification of Diseases, Ninth Revision, 

Clinical Modification (ICD-9-CM) criteria. For this study, we collected patients’ information 

from the LHID2000. All information that can be used to identify individuals or care providers 

was encrypted before release. Thus, identifying any individuals or care providers at any level 

in this database was not possible. This study was approved by the Research Ethics Committee 

of China Medical University and Hospital (CMUH104-REC2-115), and the requirement of 

informed consent was waived. 

 

Study population 

This was a retrospective cohort study based on Taiwanese NHIRD administrative data 

from 1 January, 2000, to 31 December, 2012. We selected newly diagnosed T2DM (ICD-9-

CM code 250.x) patients aged 30–100 years at diagnosis from 2000 to 2012. To ensure 

diagnostic accuracy, we defined T2DM patients as those having a discharge diagnosis for ≥2 

outpatient claims or ≥1 inpatient claims. These diabetes mellitus (DM) patients were treated 
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with insulin after diagnosis. We excluded participants with diagnosis of type 1 diabetes 

mellitus (250.1), dialysis (V56.0, V56.8, V45.1, and V45.11), hepatic failure (570, 572.2, 

572.4, and 572.8), and heart failure (428, 428.1, and 428.9) before the index date. Patients 

with first pioglitazone prescription earlier than first insulin prescription date were excluded. 

Rosiglitazone users were excluded from this study. 

 

Exposure to pioglitazone 

We identified patients who received prescriptions of pioglitazone in both outpatient and 

inpatient claims after the date of initiating insulin treatment. The first date of concurrent 

pioglitazone and insulin use was defined as the index date. An index date was assigned to 

each pioglitazone nonuser according to the corresponding index date of a matched 

pioglitazone user. 

 

Demographics and comorbidities 

Comorbidities included coronary artery disease (CAD; 410–414), stroke (430–438), 

peripheral artery occlusive disease (PAOD; 440.2x, 443.9, 84.1x, 39.25, 39.29, 39.50, and 

39.59), and atrial fibrillation (427.31). The Charlson comorbidity index (CCI) was used to 

quantify patients’ comorbidity profiles (13), and the Diabetes Complications Severity Index 

(DCSI) score (14) was used to define the severity of diabetes. The comorbidities and CCI and 

DCSI scores were calculated according to participants’ NHI records 1 year before the index 

date. To increase the validity of the diagnosis of comorbidities in the administrative dataset, 

we included only outpatients who received 2 or >2 diagnosis or those who had at least one 

inpatient claim. 

We analysed the use of antidiabetic drugs other than insulin and pioglitazone after the 

date of diabetes diagnosis. These drugs included biguanides, sulphonylureas, dipeptidyl 
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peptidase-4 inhibitors, and alpha glucosidase inhibitors. Antihypertensive drugs, statins, and 

aspirin were also observed in this study. 

 

Main outcomes 

The main outcome of this study was all-cause mortality. The date of mortality was 

defined as the date of death as observed from the records of inpatient claims or authoritative 

catastrophic illness registration. We searched for the primary diagnosis at discharge from 

hospitalization within 3 months before death to find the possible identifiable causes of death 

(15). Identifiable causes of CV death were according to the draft definition provided by Hicks 

et al. (16); other diagnoses that were not included in CV-related death were classified as non–

CV-related death. The incident rates of incident heart failure, hospitalized CAD, and stroke 

were also assessed. The observation period started from the index date to the withdrawal 

from the NHI programme, 31 December, 2013, the date of outcomes noted, or the date of 

death, whichever came first. 

 

Statistical analysis 

The baseline characteristics, comorbidities, drug use, DCSI scores, and DM duration of 

the study population were analysed between pioglitazone users and nonusers. We conducted 

1:1 propensity score matching by age (<50, 50–65, and >65 years), sex, comorbidities, drugs 

used, DCSI scores, and DM duration, and variables were analysed using multiple logistic 

regressions analyses (17, 18). For categorical variables, the chi-square test was used to 

determine the statistical difference between the 2 groups. For continuous variables, we used 

Student’s t test. We estimated hazard ratios and 95% confidence intervals (CIs) by using the 

Cox proportional hazard model. The Kaplan–Meier and log-rank tests were used to assess 

differences between cumulative incidence rates. A p value of <0.05 was considered 
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statistically significant. SAS 9.4 (SAS Institute Inc., Cary, NC) was used to perform statistical 

analysis. 

 

Results 

We included 5158 matched T2DM patients (2579 in each cohort) during the study period 

(Fig. 1). The basic demographic characteristics of the patient population are shown in Table 

1. The standardized difference in all variables was not imbalanced between pioglitazone users 

and nonusers after propensity score matching. This patient population included more men 

than women. The mean ages of pioglitazone nonusers and users were 61.98 (standard 

deviation, SD = 13.06) and 62.09 (SD = 12.39) years, respectively. The mean DM durations 

of pioglitazone nonusers and users were 6.06 (SD = 3.56) and 5.99 (SD = 3.41) years, 

respectively. The mean follow-up time was 2.84 (SD=2.85) and 3.51(SD=2.46) years for the 

control and the pioglitazone user cohorts. 

The mortality rates of pioglitazone nonusers and users were 30.26 and 15.02 per 1000 

person-years, respectively (Table 2). The adjusted hazard ratio (aHR) of mortality of 

pioglitazone users was 0.47 (95% CI: 0.38–0.58, p < 0.001) compared with nonusers. The 

difference in survival probability between pioglitazone users and nonusers is illustrated 

through a Kaplan–Meier graph (Fig. 2), which showed a higher survival probability in 

pioglitazone users than in nonusers (log-rank test, p < 0.0001). 

The incidence and aHR of mortality of pioglitazones users versus nonusers by stratifying 

various patient characteristics are shown in Table 2. Pioglitazone users had a lower risk of 

mortality in each subgroup, except for subgroups of patients that had PAOD or atrial 

fibrillation; had a DCSI score of 2; and used angiotensin-converting-enzyme (ACE) 

inhibitor/angiotensin II receptor blockers (ARBs), β-blockers, calcium channel blockers, or 

potassium-sparing diuretics. 
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The incidence rates of non-CV death of pioglitazone nonusers and users were 19.74 and 

9.11, respectively, per 1000 person-years (Table 3). The aHR was 0.50 (95% CI: 0.38–0.66, p 

< 0.001) of pioglitazone users compared with nonusers. The identifiable causes of non-CV 

death of pioglitazone nonusers versus users were cancer (39 vs 39 cases), infection (80 vs 

65), renal diseases (16 vs 15), digestive diseases (38 vs 35), respiratory diseases (25 vs 14), 

accidents (23 vs 14), and suicide (4 vs 3). The incidence rates and hazard ratios of CV death, 

heart failure, hospitalized CAD, and stroke between pioglitazone users and nonusers were not 

significantly different. 

 

Discussion 

The results of the present study demonstrated that insulin-treated T2DM patients using 

pioglitazone had a decreased risk of all-cause mortality compared with those not using 

pioglitazone. The decreased mortality rate was mainly driven by a lower risk of non-CV 

death. No significant difference in new-onset heart failure, hospitalized CAD, or stroke 

between pioglitazone users and nonusers was observed. 

Some RCTs have reported that a combination of pioglitazone and insulin rapidly 

reduced the plasma glucose level within 1–2 months of starting treatment (7–11). 

Pioglitazone in combination with insulin therapy also significantly increased the high-density 

lipoprotein cholesterol level and reduced triglyceride and free fatty acid (FFA) levels 

compared with placebo plus insulin (10). The combination of pioglitazone with insulin might 

result in higher enhancement of glycaemic control and lipid profile than that achieved by 

insulin or pioglitazone alone. The combination therapy of pioglitazone with insulin could be 

considered for patients with poor glycaemic control. 

Charbonnel et al. (19) performed a post hoc analysis of the PROactive study 

(PROactive19) to assess the safety and CV outcomes of pioglitazone use in combination with 
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insulin for T2DM patients. The analysis revealed nonsignificant reductions of CV events and 

death for pioglitazone as compared with placebo. In our study, patients receiving insulin plus 

pioglitazone exhibited a lower risk of all-cause mortality (aHR = 047, p < 0.001), and this 

protective effect was consistent over the subgroups of sex, age, comorbidity, DCSI scores, 

and medications. The difference between the mortality observed in our study and that 

reported in PROactive19 might be attributed to: (1) All of the participants in PROactive19 

had underlying CV diseases, but only about 50% of our patients had underlying CV diseases. 

(2) The patients in our study and PROactive19 had different DM durations (6 years in our 

study vs 13 years in PROactive19); implying that the earlier use of the combination of 

pioglitazone and insulin could result in a high survival benefit. Possible explanations for the 

decreased mortality because of pioglitazone use are as follows: 

(1) Pioglitazone use could effectively reduce blood glucose and hemoglobin A1C (HbA1C) 

levels (19). 

(2) Pioglitazone use could reduce insulin dosage, and lower insulin might be beneficial for 

the prevention of atherosclerotic changes induced by hyperinsulinemia (20). 

(3) Pioglitazone in combination with insulin therapy could significantly shift low-density 

lipoprotein (LDL) particle concentrations from small to large and increase the mean LDL 

particle size (11). 

(4) TZDs increased adiponectin expression in vitro in the adipose tissue (21). 

(5) Pioglitazone in combination with insulin reduced the plasminogen activator inhibitor-1 

and highly sensitive C-reactive protein compared with placebo plus insulin in T2DM patients 

(10). 

(6) The addition of pioglitazone to insulin restored endothelial function, as assessed by flow-

mediated dilatation and nitroglycerine-induced dilatation in T2DM patients (22). 

Among the causes of death of T2DM patients in Ayrshire and Arran between 2009 and 
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2014, cancer accounted for 27.8%, followed by heart disease (24.1%). The proportion of non-

CV death outnumbered that of CV death (23). In a national sample of T2DM patients in 

Korea from 2002 to 2013, the percentage of death from CV disease was 22.0%, from DM-

related death was 22.0%, from malignant neoplasm was 24.8%, and from all other causes was 

31.3% (24). Non-CV deaths were also more than CV deaths. Gregg et al. (25) studied the 

trends of cause-specific mortality among adults with and without diabetes in the United 

States from 1988 to 2015. The proportion of CV deaths among adults with diabetes declined 

from 47.8% in 1988–1994 to 34.1% in 2010–2015; however, the proportion of non-CV 

deaths increased from 49.5% to 66.5% in the same period (25). These studies have implicated 

the need for the notification of wider causes of mortality of T2DM patients. In our study, the 

incidence rate of CV vs non-CV death was 4.84 vs 9.11 for pioglitazone users; the incidence 

rate of CV vs non-CV death was 7.23 vs 19.74 for nonusers, with more non-CV deaths in 

both users and nonusers. The combination therapy of pioglitazone and insulin could 

prominently reduce the risk of non-CV death and then reduce the risk of all-cause mortality. 

Both TZD and insulin has the disadvantages of fluid retention and leg edema. The 

combined use of insulin and pioglitazone could lead to heart failure. The post hoc analysis of 

the PROactive study of insulin plus pioglitazone resulted in a higher rate of heart failure 

compared with insulin plus non-pioglitazone (19). In our study, we excluded previous heart 

failure cases before the index date, and the incidence rates of new-onset heart failure were 

19.71 and 19.15 per 1000 person-years in insulin plus non-pioglitazone and insulin plus 

pioglitazone, respectively. The aHR was 0.99 (95% CI: 0.79–1.25) with no significant 

difference between pioglitazone users and nonusers. The difference in the rate of heart failure 

between our study and the PROactive19 study might be due to following reasons: 

(1) Our patients had a shorter DM duration than did those in the PROactive19 study, and not 

all of our patients had underlying CV diseases as those in the PROactive19 study. Diabetes 
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induced various functional, structural, and metabolic abnormalities of the heart (26) that 

caused cardiac hypertrophy, myocardial stiffness, and diastolic dysfunction. Patients with a 

longer DM duration more easily experienced heart failure (27). 

(2) These 2 studies included different ethnic populations with different patient numbers (our 

study: 2579 cases vs 2579 control and PROactive19 study: 896 study vs 864 control cases). 

The present study has some limitations. First, because the prescription of insulin in our 

NHI programme used the numbers of insulin pens for the reimbursement purpose, we could 

not get an accurate insulin dosage, which affected the results of mortality and CV events. 

Second, using the administrative data for analysis, it is difficult to check patients’ adherence 

to the dosage of prescribed pioglitazone. This study was conducted on an intention-to-treat 

basis, according to initial pioglitazone assignment, irrespective of subsequent change to 

other antidiabetic agents. The current study was therefore designed to follow the principle 

of clinical trial, although the data about the duration and dosage of pioglitazone use on 

follow-up were not available. Third, due to the nature of claimed data analysis, some 

confounding factors that may change mortality risk are not available, such as total 

cholesterol, high density and low density lipoprotein, triglycerides, glucose, hemoglobin 

A1C, circulating insulin and renal function. Fourth, we did not assess the hypoglycaemia risk 

in our study because through the administrative database, we could not accurately calculate 

the rates of hypoglycaemia. The incidence of hypoglycaemia in outpatient claims might be 

underestimated because patients did not report their hypoglycaemia to doctors; inpatient 

hypoglycaemia records might be underestimated because some hypoglycaemic patients were 

managed by family members without sending them to the hospital or were just sent to the 

emergency department without admission. Fifth, because we could not link our database to 

the national death registry, we could not get the actual cause of death from the files. Some 

studies have suggested that the recent diagnosis of discharge before death could provide 
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reliable identification for the cause of death (15); therefore, we searched for the primary 

diagnosis at discharge 3 months before death to find the identifiable causes of death. Finally, 

although we did our best to balance many possible risk factors to mitigate bias, a cohort study 

is generally subject to some residual cofounding factors that warrant a randomized clinical 

trial to verify it. 

In conclusion, our study demonstrated that the combination of insulin and pioglitazone 

lowered the all-cause mortality risk, and this combination therapy exerted beneficial effects 

on non-CV deaths compared with non-users. Pioglitazone might be a beneficial 

complementary agent for insulin treatment. Additional studies are needed to establish its 

optimal application in real-world practice. 
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Figure 1. The flow chart that identified the number of patients and study design. 

Figure 2. The Kaplan–Meier (K–M) survival curve according to DM patients who were 

pioglitazone users and nonusers.
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Table 1. Comparison of Demographics and Comorbidities between Pioglitazone Users and Nonusers 

 

Before Matching After Matching 

Pioglitazone 

Standardized 

Differences§ 

Pioglitazone 

Standardized 

Differences§ 

No Yes No Yes 

(N=17748) (N=2628) (N=2579) (N=2579) 

Age, years   0.3780   0.0373 

<50 2127 (11.98) 484 (18.42)  494 (19.15) 459 (17.80)  

50-65 5333 (30.05) 1107 (42.12)  1054 (40.87) 1087 (42.15)  

>65 10288 (57.97) 1037 (39.46)  1031 (39.98) 1033 (40.05)  

Mean (SD) † 67.43 ± 13.75 61.67 ± 12.43 -0.4400 61.98 ± 13.06 62.09 ± 12.39 0.0205 

Gender   0.1799   -0.035 

Female 7826 (44.10) 1239 (47.15)  1228 (47.62) 1218 (47.23)  

Male 9922 (55.90) 1389 (52.85)  1351 (52.38) 1361 (52.77)  

Duration of DM 5.03 ± 3.64 5.93 ± 3.41 0.2561 6.06 ± 3.56 5.99 ± 3.41 -0.022 

Comorbidity       

CAD 8172 (46.04) 1110 (42.24) -0.077 1082 (41.95) 1090 (42.26) 0.0063 
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Stroke 6732 (37.93) 721 (27.44) -0.225 671 (26.02) 714 (27.69) 0.0376 

PAOD 1366 (7.70) 214 (8.14) 0.0165 212 (8.22) 213 (8.26) 0.0014 

Atrial fibrillation 1381 (7.78) 87 (3.31) -0.1960 79 (3.06) 87 (3.37) 0.0176 

Charlson Comorbidity Index   0.2333   0.0249 

0 1843 (10.38) 485 (18.46)  461 (17.88) 467 (18.11)  

1 364 (2.05) 39 (1.48)  46 (1.78) 38 (1.47)  

≥2 15541 (87.56) 2104 (80.06)  2072 (80.34) 2074 (80.42)  

DCSI score‡   0.2079   0.0134 

0 12839 (72.34) 2123 (80.78)  2093 (81.16) 2080 (80.65)  

1 667 (3.76) 90 (3.42)  85 (3.30) 89 (3.45)  

≥2 4242 (23.90) 415 (15.79)  401 (15.55) 410 (15.9)  

OAD   1.491   0.0059 

0/1 10967 (61.79) 246 (9.36)  243 (9.42) 246 (9.54)  

2 4402 (24.80) 711 (27.05)  707 (27.41) 711 (27.57)  

>2 2379 (13.40) 1671 (63.58)  1629 (63.16) 1622 (62.89)  

Antihypertensive drugs   0.3109   0.0435 
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Non-user 6031 (33.98) 615 (23.40)  638 (24.74) 607 (23.54)  

ACE inhibitors/ARBs   990 (5.58) 186 (7.08)  168 (6.51) 182 (7.06)  

β-blockers  555 (3.13) 71 (2.70)  69 (2.68) 71 (2.75)  

Calcium-blockers  497 (2.80) 72 (2.74)  69 (2.68) 70 (2.71)  

Diuretics  1163 (6.55) 138 (5.25)  141 (5.47) 136 (5.27)  

Potassium sparing diuretics  974 (5.49) 103 (3.92)  88 (3.41) 101 (3.92)  

Double therapy 3209 (18.08) 532 (20.24)  513 (19.89) 522 (20.24)  

Triple or more therapy 3818 (21.51) 839 (31.93)  824 (31.95) 821 (31.83)  

Other drugs       

Statin 5944 (33.49) 1526 (58.07) 0.509 1471 (57.04) 1480 (57.39) 0.0071 

Aspirin 3799 (21.41) 777 (29.57) 0.1881 761 (29.51) 755 (29.27) -0.005 

* Data are presented as the mean ± SD or n (%); †: t test 

‡: Missing values [n = 299 (1.68%)] of the DCSI score in the non-pioglitazone group before matching 

§Standardized difference = difference in means or proportions divided by standard error; imbalance defined as absolute value greater than 0.20 

(small effect size)  

Abbreviation: SD, standard deviation; OAD, oral antidiabetic drugs; DCSI, Diabetes Complications Severity Index 
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Table 2. Incidence and Cox Proportional Hazard Regression with Hazard Ratio and 95% Confidence Interval of all-Cause Mortality 

Associated with and Without Pioglitazone by Sex, Age Group, and Comorbidities 

Variable 

Pioglitazone  Compared to Control 

No  Yes  

Crude HR Adjusted HR‡ 

Event 

Person 

years 

IR†  Event 

Person 

years 

IR†  

Total 

218 7205 30.26  137 9120 15.02  0.51 (0.41, 

0.63)*** 

0.47 (0.38, 0.58)*** 

Gender           

Female 

100 3539 28.25  61 4453 13.70  0.50 (0.36, 

0.68)*** 

0.47 (0.34, 0.65)*** 

Male 

118 3666 32.19  76 4667 16.28  0.52 (0.39, 

0.69)*** 

0.47 (0.35, 0.62)*** 

Age group, year           

<50 27 1440 18.74  16 1709 9.36  0.52 (0.28, 0.98)* 0.42 (0.23, 0.80)** 

50-65 60 3093 19.40  40 4063 9.84  0.52 (0.35, 0.51 (0.34, 0.76)** 
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0.78)** 

>65 

131 2672 49.03  81 3348 24.20  0.51 (0.38, 

0.67)*** 

0.45 (0.34, 0.60)*** 

Comorbidities            

CAD           

No 

127 4330 29.33  61 5284 11.54  0.40 (0.30, 

0.54)*** 

0.41 (0.30, 0.56)*** 

Yes 

91 2875 31.66  76 3836 19.81  0.65 (0.48, 

0.88)** 

0.55 (0.40, 0.74)*** 

Stroke           

No 

139 5465 25.43  81 6748 12.00  0.49 (0.37, 

0.64)*** 

0.48 (0.36, 0.63)*** 

Yes 

79 1740 45.41  56 2371 23.61  0.53 (0.37, 

0.74)** 

0.46 (0.33, 0.65)*** 

PAOD           

No 208 6721 30.95  128 8443 15.16  0.50 (0.40, 0.46 (0.37, 0.57)*** 
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0.62)*** 

Yes 10 484 20.67  9 677 13.29  0.69 (0.28, 1.70) 0.78 (0.29, 2.11) 

Atrial fibrillation           

No 

204 7019 29.06  127 8866 14.32  0.50 (0.40, 

0.63)*** 

0.47 (0.38, 0.58)*** 

Yes 14 186 75.45  10 254 39.44  0.54 (0.24, 1.23) 0.46 (0.16, 1.35) 

Charlson Comorbidity Index           

0 16 1361 11.76  11 1814 6.06  0.51 (0.23, 1.09) 0.33 (0.13, 0.81)* 

1 0 120 0.00  3 150 20.05  - - 

≥2 

202 5724 35.29  123 7156 17.19  0.50 (0.40, 

0.63)*** 

0.46 (0.37, 0.57)*** 

DCSI score           

0/1 

147 6008 24.47  78 7315 10.66  0.44 (0.33, 

0.58)*** 

0.40 (0.30, 0.52)*** 

2 11 225 48.84  8 338 23.70  0.59 (0.23, 1.49) 1.10 (0.29, 4.26) 

>2 60 972 61.75  51 1467 34.77  0.59 (0.41, 0.60 (0.40, 0.90)* 
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0.86)** 

OAD           

0/1 

41 489 83.77  19 826 23.01  0.32 (0.18, 

0.54)*** 

0.25 (0.14, 0.46)*** 

2 

76 1960 38.78  46 2516 18.29  0.49 (0.34, 

0.70)** 

0.45 (0.31, 0.65)*** 

>2 101 4756 21.24  72 5779 12.46  0.59 (0.44, 0.8)** 0.57 (0.42, 0.78)*** 

Antihypertensive drugs           

Non-user 

39 1563 24.95  17 1878 9.05  0.39 (0.22, 

0.69)** 

0.33 (0.19, 0.58)** 

ACE inhibitors/ARBs  5 437 11.45  4 692 5.78  0.48 (0.13, 1.78) 0.43 (0.10, 1.93) 

β-blockers  4 203 19.70  1 256 3.91  0.20 (0.02, 1.81) 0.35 (0.02, 7.37) 

Calcium-channel blockers  3 178 16.88  1 229 4.37  0.29 (0.03, 2.77) - 

Diuretics  19 333 57.09  6 479 12.52  0.24 (0.09, 0.6)** 0.22 (0.08, 0.62)** 

Potassium sparing diuretics  12 234 51.23  7 354 19.80  0.40 (0.16, 1.03) 0.64 (0.22, 1.85) 

Double therapy 46 1388 33.14  29 1938 14.96  0.48 (0.30, 0.42 (0.27, 0.67)** 
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0.76)** 

Triple or more therapy 85 2678 31.73  67 3068 21.84  0.7 (0.51, 0.97)* 0.64 (0.46, 0.88)** 

Statin           

No 

138 2700 51.11  69 3611 19.11  0.39 (0.29, 

0.52)*** 

0.42 (0.31, 0.56)*** 

Yes 80 4505 17.76  68 5509 12.34  0.70 (0.51, 0.98)* 0.53 (0.39, 0.73)*** 

Aspirin           

No 

142 4919 28.87  90 6164 14.60  0.51 (0.39, 

0.66)*** 

0.50 (0.39, 0.66)*** 

Yes 

76 2286 33.25  47 2956 15.90  0.51 (0.35, 

0.73)** 

0.42 (0.29, 0.60)*** 

Abbreviations: †IR, incidence rate, per 1000 person-years; HR, hazard ratio; CI, confidence interval. 

‡: represented adjusted hazard ratio: mutually adjusted for sex, age, and baseline comorbidities in Cox proportional hazard regression. 

*p < 0.05; **p < 0.01; *** p < 0.001 
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The reference group was the non-pioglitazone group. 

*** p < 0.001. 

  

Table 3. Incidence and Cox proportional hazard regression with hazard ratio and 95% confidence interval of all-cause mortality, 

CV and non-CV death, and hospitalized CV diseases associated with and without pioglitazone 

Outcomes 

Pioglitazone  

Crude HR Adjusted HR‡ 

No  Yes  

Event 

Person 

years 

IR†  Event 

Person 

years 

IR†  

CV death 52 7194 7.23  45 9115 4.94  0.86 (0.56, 1.30) 0.78 (0.51, 1.19) 

Non-CV death 142 7194 19.74  83 9115 9.11  0.51 (0.39, 0.68)*** 0.50 (0.38, 0.66)*** 

Hospitalized CAD 98 6957 14.09  107 8843 12.10  0.86 (0.66, 1.14) 0.84 (0.64, 1.11) 

Hospitalized stroke 109 6908 15.78  138 8778 15.72  1.00 (0.78, 1.29) 0.99 (0.77, 1.28) 

Heart failure 136 6898 19.71  167 8723 19.15  0.97 (0.77, 1.22) 0.99 (0.79, 1.25) 

‡: represented adjusted hazard ratio: mutually adjusted for sex, age, and baseline comorbidities in Cox proportional hazard regression. 
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Figure 1 
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Figure 2 
 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article-abstract/doi/10.1210/clinem
/dgz026/5572576 by guest on 23 Septem

ber 2019




