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Highlights
• This study demonstrated that applying informatics tools to large electronic health

record data could serve as an essential way to robustly and efficiently conduct
clinical observational research.

• The findings also validated, for the first time, the favorable effect of pioglitazone
on the risk of myocardial infarction among type 2 diabetes (T2D) patients in
China in a cohort of 71 783 T2D patients.

Abstract
Background: Pioglitazone may have a protective effect against cardiovascular dis-
ease risk among type 2 diabetes (T2D) patients, but evidence from China is lack-
ing. This study investigated the association using electronic health records (EHR)
data from a Chinese cohort of T2D patients.
Methods: All T2D patients from the First Affiliated Hospital of Nanjing Medical
University who were prescribed at least one oral antidiabetic drug and were aged
≥18 years between 1 July 2005 and 30 June 2017 were eligible for inclusion
(n = 71 783). Pioglitazone use was determined in 6-month study intervals, with
outcome events of myocardial infarction (MI), ischemic stroke, and heart failure.
Poisson regression was used to estimate adjusted rate ratios (RRs) with 95% confi-
dence intervals (CIs).
Results: In multivariable analysis adjusted for potential confounders, pioglitazone use,
compared with no use, was associated with a significant 39% decreased risk of MI
(RR = 0.61; 95% CI = 0.42-0.90; P = 0.012). Pioglitazone use was also associated
with a non-significant reduction in risk of heart failure or stroke. When MI, heart fail-
ure, and stroke were combined as a composite outcome, pioglitazone use was associ-
ated with a 30% decrease in risk (RR = 0.70; 95% CI = 0.56-0.88; P = 0.002).
Conclusions: This study demonstrates that applying informatics tools to a large
EHR database could be a good way to efficiently conduct clinical observational
research. In addition, the findings validated the favorable effect of pioglitazone on
the risk of MI among T2D patients in China, with the use of pioglitazone decreas-
ing the risk of MI among those with T2D.
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1 | INTRODUCTION

Due to the rapidly increasing prevalence and subsequent
fast-growing economic burden, diabetes has become one of
the greatest public health challenges in China.1 It is esti-
mated that the direct medical costs of type 2 diabetes (T2D)
in China will reach USD 45 billion in 2030 and, in the next
10 years, 29% of global growth in the costs of diabetes care
may occur in China.2,3 Approximately 95% of diabetes
patients have T2D, with major cardiovascular complications
(eg, myocardial infarction [MI], stroke, and heart failure),4

which are the leading causes of death among T2D patients.5

Studies have shown that the risk of cardiovascular com-
plications is closely linked to insulin resistance among
patients with T2D, in addition to other accompanying condi-
tions, such as hyperglycemia, dyslipidemia, hypertension,
hyperinsulinemia, hypercoagulability, inflammation, endo-
thelial dysfunction, and platelet hyperreactivity.6–8 Thiazoli-
dinediones, a peroxisome proliferator-activated receptor
(PPAR) γ agonists, are a family of oral antidiabetic medica-
tions that have been widely used to reduce insulin resistance.9

Given the link between insulin resistance and cardiovascular
complications, as well as the effects of thiazolidinediones in
reducing insulin resistance, thiazolidinediones may decrease
cardiovascular risk among T2D patients.

Of the different types of thiazolidinediones, pioglitazone
is the most commonly prescribed. The initial Prospective
Pioglitazone Clinical Study in Macrovascular Events
(PROactive) Trial, which assessed the effect of pioglitazone
on cardiovascular complications among T2D patients, found
that pioglitazone could reduce the risk of all-cause mortality,
non-fatal MI, or stroke.10,11 In a subsequent meta-analysis of
19 available clinical trials, Lincoff et al.12 concluded that
pioglitazone could reduce the risk of MI and stroke, but that
it increased the risk of serious heart failure. In addition, in a
recent trial among non-diabetic patients who had insulin
resistance and historical ischemic stroke or transient ische-
mic attack (TIA), pioglitazone was found to reduce the risk
of MI or stroke.13 In addition, multiple studies have shown
that pioglitazone may have a protective effect against the
progression of atherosclerosis, which is directly related to
common cardiovascular outcomes in T2D patients.14,15

However, none of these studies was conducted in China,
so it is unclear whether the potential protective effects of
pioglitazone on cardiovascular outcomes among T2D
patients can be generalized to the Chinese population.

Hence, we conducted a retrospective cohort study to investi-
gate the association between pioglitazone use and the risk of
cardiovascular events in a Chinese population with T2D
using a large database of electronic health records (EHR)
from the First Affiliated Hospital of Nanjing Medical Uni-
versity, China. In addition, we developed an informatics tool
that integrates natural language processing and other infor-
mation retrieval methods to automatically and efficiently
clean and organize data from this large EHR database for
clinical epidemiological research.

2 | METHODS

2.1 | Data sources and study design

The data for the present study were obtained from the Clini-
cal Data Repository (CDR) system of the First Affiliated
Hospital of Nanjing Medical University in Jiangsu, China.
The study was approved by the Ethics Committee of the
First Affiliated Hospital of Nanjing Medical University
(2013-SRFA-139, Jiangsu Province Hospital). Details that
may have revealed the identity of the subjects in the study
were omitted. The CDR system, initiated in 2005, contains
deidentified real-world patient-level EHRs, including both
inpatient and outpatient demographics, diagnoses, proce-
dures, medications, images, and laboratory results. As of
June 2017, the CDR system included 6.23 million patients
(Figure 1). Of these, 104 312 had been diagnosed with T2D
based on the International Classifications of Diseases (ICD)-
10 code E11.902 between July 2005 and June 2017. All
T2D patients who were prescribed at least one oral antidia-
betic drug and were aged ≥18 years were included in the
present study (n = 71 783 patients for the final analysis).

Because the study population could have received medi-
cal care outside the First Affiliated Hospital of Nanjing Med-
ical University CDR system, some patients may have had a
period that was not covered in the CDR system, resulting in
incomplete records. To address this problem, we adopted an
approach that was successfully implemented in a previous
study conducted by Brownstein et al.16 In this approach, it
was assumed that medical care encounters (inpatient or out-
patient) could indicate receiving care in the CDR system
over a certain study interval (eg, 6 months). In this study, we
created a total of 24 6-month study intervals (a total duration
of 12 years) between 1 July 2005 (the earliest date in the
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CDR system at the time of study) and 30 June 2017 (the lat-
est date in the CDR system). A study interval was included
in the analysis if one or more inpatient or outpatient encoun-
ters occurred in this study interval, and a patient could have
multiple (up to 24) study intervals. A patient entered the
study when his or her first study interval met the criteria. If a
medical encounter did not occur in one 6-month study inter-
val, yet it occurred in the subsequent study interval, the
interval with no encounter would then be deleted and the
subsequent interval would still be included in the analysis.

In terms of study interval classification, a study interval
was classified as “pioglitazone use” if a pioglitazone prescrip-
tion or dispensation occurred in this interval or lasted to this
interval; otherwise, the interval was classified “no pioglita-
zone use”. For every patient, the duration of pioglitazone use
and the duration of no pioglitazone use were assessed and
accumulated in 6-month increments. In all, 200 611 patient
intervals were classified as no pioglitazone use and 48 272
patient intervals were classified as pioglitazone use (Figure 1).
The outcome events were MI (ICD-10 code I21.xx), ischemic
stroke (ICD-10 code I64.04), and heart failure (ICD-10 code
I50.xx) between 1 July 2005 and 30 June 2017. Events were
associated with pioglitazone only when the events occurred
after the pioglitazone prescription or dispensation.

2.2 | Data extraction

Observational Health Data Sciences and Informatics
(OHDSI) is “an international collaborative whose goal is to

create and apply open-source data analytic solutions to a
large network of health databases to improve human health
and wellbeing”.17,18 It provides advanced, open-source clini-
cal research tools, including a common data model (CDM),
standard vocabulary of clinical terminologies, and various
software programs to assist with clinical research. The
OHDSI China group is committed to leveraging the health-
care databases in China for clinical observational research,
and the First Affiliated Hospital of Nanjing Medical Univer-
sity is part of the OHDSI China group.

First, the CDR data in the First Affiliated Hospital of Nan-
jing Medical University were transformed into OHDSI CDM
version 5 (https://www.ohdsi.org/data-standardization/the-
common-data-model/. Accessed December, 2018). Each ele-
ment of the patient in the database must be mapped to the
approved CDM vocabulary and placed in the data schema.
Then, we developed an informatics tool in the C# program-
ming language using natural language processing to automati-
cally and efficiently clean and organize data that were
transformed to the OHDSI CDM. The tool was developed by
C Sharp and deployed on the hospital intranet server with a
Windows operating system. The tool can output statistical
data, such as diagnostics and drugs used by patients, depend-
ing on statistical requirements. The ICD-10 diagnostic codes,
which were validated for acute MI (I21.xx),19 stroke (I64.04),
and heart failure (I50.xx), used by the CDR system20 were
converted into a concept ID of the CDM model if the diagno-
sis name and diagnosis code could be directly matched in the
CDM diagnosis vocabulary. Otherwise, the natural language
processing approach and the cosine similarity of machine
learning classification algorithm were combined to improve
the accuracy of data extraction. Drug codes (eg, oral hypogly-
cemic agents, lipid-lowering agents, antihypertensive agents
etc.) were also processed with information technology rather
than traditional data extraction and cleaning methods.

2.3 | Statistical analysis

Selected characteristics of study patients stratified according
to pioglitazone use were compared using Student's t test for
continuous variables and the Chi-squared test for categorical
variables. The risks of MI, ischemic stroke, and heart failure
among pioglitazone intervals were compared with those
among non-pioglitazone intervals. Poisson regression was
used to estimate crude and adjusted rate ratios (RR) with 95%
confidence intervals (CIs) for the outcome events, with dura-
tion of exposure or non-exposure (in 6-month increments) as
the offset. Adjustments were made for potential risk factors,
including age, sex, calendar year, concurrent medications
(metformin, sulfonylurea, acarbose, insulin, lipid-lowering
drugs, and antihypertensive drugs), comorbidities (hyperten-
sion, prior coronary heart disease, hyperlipidemia, and chronic
kidney disease), and Charlson score. All statistical analyses
were performed in Stata 13.0 (StataCorp LP, College Station,
Texas). Statistical significance was set at two-sided P < 0.05.

Synthetic derivative: deidentified EHR of

the First Affiliated Hospital of Nanjing

Medical University

(n = 6.23 million patients as of June 2017)

T2D patients

diagnosed between July 2005 and
June 2017 based on ICD-10

(n=10 312 patients)

Patients with hypoglycemic drug

use

(n = 71 920 patients)

Patients after excluding age <18 y

(n = 71 783 patients)

Non-pioglitazone user

(n = 63 557 patients)

Pioglitazone user

(n = 8226 patients)

Construct multipple 6-month

observation periods for each patient*

Non-pioglitazone

(n = 200 611 periods)
Pioglitazone

(n = 48 272 periods)

FIGURE 1 Study work flow. *Note, a patient could have up to
24 observation periods. T2D, type 2 diabetes
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3 | RESULTS

Selected subject characteristics according to pioglitazone
use (63 557 non-pioglitazone users and 8226 pioglitazone
users) are presented in Table 1. Compared with non-
pioglitazone users, pioglitazone users were younger
(P < 0.001), less likely to be male (P < 0.001), less likely
to be in a more recent calendar year (P < 0.001), less likely
to be using concurrent metformin (P < 0.001), acarbose
(P < 0.001), insulin (P < 0.001), lipid-lowering drugs
(P < 0.001), or antihypertensive drugs (P < 0.001), more
likely to be on a concurrent sulfonylurea (P < 0.001), less
likely to have concurrent hypertension (P < 0.001), prior
coronary heart disease (P < 0.001), hyperlipidemia
(P < 0.001), or chronic kidney disease (P < 0.001), and
more likely to have a lower Charlson score (P < 0.001).

Table 2 details the associations of pioglitazone use with
the risk of cardiovascular events (MI, heart failure, and
stroke). Compared with the non-pioglitazone group, lower
incidence rates were found in the pioglitazone group for MI
(2.55 vs 1.24 cases/1000 person-years, respectively), heart
failure (3.86 vs 2.44 cases/1000 person-years, respectively),
and stroke (0.52 vs 0.21 cases/1000 person-years, respec-
tively; Table 2). For composite outcomes (MI, heart failure,
and stroke), the incidence rate was higher in pioglitazone
than non-pioglitazone group (6.86 vs 3.81 cases/1000
person-years, respectively; Table 2). In multivariable analy-
sis adjusted for potential confounders, pioglitazone use com-
pared with no use was associated with a significant 39%
decreased risk of MI (RR = 0.61; 95% CI = 0.42-0.90;
P = 0.012), a non-significant 18% decreased risk of heart
failure (RR = 0.82; 95% CI = 0.62-1.08; P = 0.150), and a
non-significant 53% decreased risk of stroke (RR = 0.47;
95% CI = 0.18-1.18; P = 0.106). When MI, heart failure,
and stroke were combined as a composite outcome,

TABLE 1 Patient characteristics according to pioglitazone use

Pioglitazone use

P-value
No (n = 63
557 patients)

Yes (n = 8226
patients)

Age (y) 57.9 ± 14.4 55.1 ± 13.4 <0.001

Sex

Male 35 511(55.87) 4248 (51.64)

Female 28 038 (44.11) 3977 (48.35)

Missing 8 (0.01) 1 (0.01) <0.001

Calendar year

2007 and prior 9568 (15.05) 2797 (34.00)

2008 5134 (8.08) 975 (11.85)

2009 5289 (8.32) 1049 (12.75)

2010 5217 (8.21) 786 (9.56)

2011 5497 (8.65) 479 (5.82)

2012 6106 (9.61) 443 (5.39)

2013 6227 (9.80) 429 (5.22)

2014 5815 (9.15) 352 (4.28)

2015 5665 (8.91) 377 (4.58)

2016 and after 9039 (14.22) 539 (6.55) <0.001

Concurrent medications

Metformin 30 274 (47.63) 3465 (42.12) <0.001

Sulfonylurea 34 234 (53.86) 7161 (87.05) <0.001

Acarbose 24 538 (38.61) 2078 (25.26) <0.001

Insulin 17 079 (26.87) 1907 (23.18) <0.001

Lipid-lowering drugs 16 644 (26.19) 1457 (17.71) <0.001

Antihypertensive drugs 26 989 (42.46) 2834 (34.45) <0.001

Comorbidities

Hypertension 21 729 (34.19) 1515 (18.42) <0.001

Prior coronary heart disease 5605 (8.82) 339 (4.12) <0.001

Hyperlipidemia 4720 (7.43) 429 (5.22) <0.001

Chronic kidney disease 473 (0.74) 18 (0.22) <0.001

Charlson score

0 58 901 (92.67) 7916 (96.23)

1 2395 (3.77) 150 (1.82)

≥2 2261 (3.56) 160 (1.95) <0.001

Data are given as the mean ± SD or as n (%).

TABLE 2 Associations of pioglitazone use and risk of cardiovascular
outcomes

Outcomes

Pioglitazone use

P-value
No (n = 63
557 patients)

Yes (n = 8226
patients)

Myocardial infarction

No. events (%) 256 (0.40) 30 (0.36)

Incidence (cases/1000
person-years)

2.55 1.24

Age- and sex- adjusted RR
(95% CI)

Reference 0.55 (0.37-0.80) 0.002

Multivariable RR (95% CI) Reference 0.61 (0.42-0.90) 0.012

Heart failure

No. events (%) 387 (0.61) 59 (0.72)

Incidence (cases/1000
person-years)

3.86 2.44

Age- and sex- adjusted RR
(95% CI)

Reference 0.72 (0.55-0.95) 0.021

Multivariable RR (95% CI) Reference 0.82 (0.62-1.08) 0.150

Stroke

No. events (%) 52 (0.08) 5 (0.06)

Incidence (cases/1000
person-years)

0.52 0.21

Age- and sex- adjusted RR
(95% CI)

Reference 0.46 (0.18-1.15) 0.096

Multivariable RR (95% CI) Reference 0.47 (0.18-1.18) 0.106

Composite outcomes

No. events 688 92

Incidence (cases/1000
person-years)

3.81 6.86

Age- and sex- adjusted RR
(95% CI)

Reference 0.63 (0.51-0.78) <0.001

Multivariable RR (95% CI)a Reference 0.70 (0.56-0.88) 0.002

Abbreviations: CI, confidence interval; RR, rate ratio.
aBased on Poisson regression models adjusting for age, sex, calendar year, con-
current medications (metformin, sulfonylurea, acarbose, insulin, lipid-lowering
drugs, and antihypertensive drugs), comorbidities (hypertension, prior coronary
heart disease, hyperlipidemia, and chronic kidney disease), and Charlson score.
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pioglitazone use was associated with a 30% decreased risk
(RR = 0.70; 95% CI = 0.56-0.88; P = 0.002). The results
were similar in the sensitivity analysis after excluding those
patients who had prior cardiovascular diseases before enter-
ing the study (data not shown).

4 | DISCUSSION

In this large retrospective cohort study that made efficient
use of EHR data by using novel informatics tools, we found
that the previously reported protective effect of pioglitazone
on the risk of MI among Western T2D patients was also
observed among T2D patients in China. Pioglitazone use
was also associated with a non-significant reduction in the
risk of heart failure and ischemic stroke.

Previous studies have shown a significant reduction in
MI risk associated with the use of pioglitazone in Western
countries,12,21 and our results provide the first evidence
supporting this association among patients in a large pro-
vincial medical institution in China. Although it the mech-
anism underlying the lower rates of MI among
pioglitazone users remains unclear, a recent study in an
adult spontaneously hypertensive rat (SHR) model22 pro-
vided evidence to partially answer this question. In that
study, Hernanz et al.22 found that pioglitazone increased
the cyclo-oxygenase (COX)-2 levels and improved COX-
2-derived prostaglandin I2 secretion, in addition to increas-
ing serum nitric oxide levels and decreasing reactive oxy-
gen species, which all contribute to the favorable effects of
pioglitazone on the cardiovascular system. In addition,
Zhao et al.23 observed that the miR-711-Sp1 transcription
factor-collagen-I pathway may be involved in the cardio-
vascular protective effects of pioglitazone. Moreover, the
use of pioglitazone was associated with a reduction in the
progression of carotid intima-media thickness, which plays
an essential role in the development of cardiovascular dis-
ease development.24,25 There is also evidence showing that
pioglitazone is associated with increased endothelial func-
tion in T2D patients, which has its unique metabolic
changes.26

In this study we found a non-significant reduction in the
risk of heart failure associated with the use of pioglitazone,
which is in contrast with the findings of some previous stud-
ies that showed that pioglitazone use could increase the risk
of serious heart failure.12 However, in a clinical trial among
non-diabetic patients who had insulin resistance and histori-
cal ischemic stroke or TIA, pioglitazone use was not found
to be associated with the risk of heart failure.13 In addition,
another short-term study from the Kaiser Permanente Medi-
cal Care Program (Kaiser Permanente Northern California
Diabetes Registry) did not find an association between pio-
glitazone use and an elevated risk of congestive heart failure
hospitalization.27,28 The possible reason for the conflicting
findings could be that we were not able to separate serious

heart failure from mild heart failure because it was difficult
to determine the severity of heart failure based on structured
EHR data only.

There are few efficient ways to used increasingly rich
EHR data for clinical research, and the OHDSI is one pro-
posed approach that is gaining a lot of interest in the
research community. In the OHDSI approach, clinical data
are converted into a structured, universal, standard format
for research purposes. This standard format can greatly
enhance the efficiency of clinical observational research and
promote collaboration across institutions. This study is the
first in China to use the OHDSI approach to investigate the
effect of pioglitazone use on cardiovascular outcomes
among T2D patients. We demonstrated the great significance
of using clinical medical data for observational research, as
well as the potential of the OHDSI approach in mining the
value of clinical medical data.

The present study has several strengths. First, we
developed an informatics tool to automatically and effi-
ciently clean and organize data from a massive EHR
database (6.2 million patients with data size >5 Tb, not
including image data for the present study), and using
traditional methods to clean and organize the data would
be very time and resource consuming. This tool can be
used in future studies using large EHR databases for clin-
ical epidemiological research. Second, we investigated,
for the first time, the association between pioglitazone
use and the risk of subsequent cardiovascular events in a
large provincial medical institution patient population
using real-world patient clinical data. Third, the statistical
methods we used could deal with the commonly encoun-
tered situation where the study population does not
receive health care exclusively within one system, lead-
ing to incomplete records.

Despite its strengths, the present study does have limi-
tations. First, because the study population could receive
medical care outside the First Affiliated Hospital of Nan-
jing Medical University CDR system, some patients may
have had a period that was not covered in the CDR sys-
tem, resulting in incomplete records. However, we used a
statistical method to overcome this limitation, and the esti-
mated rates of cardiovascular events are comparable to the
national rates in China. For example, the observed inci-
dence rate of MI was 2.30 cases/1000 person-years among
our study cohort of T2D patients, and this rate is consis-
tent with the reported rate of 1.51 cases/1000 person-years
among patients with diabetes or prediabetes in another
study from China in which complete follow-up was
achieved.24 Second, like any other observational study, the
present study could not exclude the possibility of residual
confounding due to unknown or uncontrolled factors.
Finally, even though we had a large cohort of T2D
patients, the number of cardiovascular events in the piogli-
tazone group was relatively small, limiting the statistical
power for stratified analyses of interest.
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5 | CONCLUSION

The present study demonstrates that with proper research
design, EHR data can be used for clinical epidemiological
studies. Applying informatics approaches to large EHR data-
sets serves as an essential way to robustly and efficiently
conduct clinical observational research. The study findings
also validated the favorable effects of pioglitazone on the
risk of MI in a provincial medical institution patient popula-
tion, which may be helpful for personalized decision making
in T2D treatment.
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