
www.amcp.org    Vol. 14, No. 6    July/August 2008    JMCP    Journal of Managed Care Pharmacy    523

ABSTRACT

BACKGROUND: Rosiglitazone was approved by the U.S. Food and Drug 
Administration (FDA) for type 2 diabetes in 1999. The unique mechanism of 
action and low risk of hypoglycemia contributed to rapid market uptake  
of rosiglitazone, but safety concerns became more prominent in 2007. 
There were 5 major events on 4 calendar days in 2007 regarding safety 
concerns related to rosiglitazone in certain patients: (1) the May 21, 2007, 
online release of the rosiglitazone meta-analysis performed by Nissen and 
Wolski and the FDA safety warning on the same day; (2) the July 30, 2007,  
conclusion of an FDA advisory committee meeting that rosiglitazone 
increased cardiac ischemic risk; (3) the August 14, 2007, update of  
thiazolidinedione (TZD) labels with a black-box warning for heart failure; 
and (4) the November 14, 2007, update to the warnings and precautions 
section of the rosiglitazone label for coadministration of nitrate or insulin.

OBJECTIVES: To (1) describe TZD (rosiglitazone and pioglitazone) utilization  
trends from January 1, 2007, continuing through May 2008 amid public 
announcements of safety concerns and (2) determine the percentage of 
TZD users who had medical claims indicating increased cardiovascular (CV) 
risk before and after release (May 21, 2007) of the FDA safety warning and 
online release of the meta-analysis performed by Nissen and Wolski.

METHODS: A retrospective analysis of pharmacy claims was performed 
from 9 commercial plans with a combined 9 million eligible members, 
including a 1.4 million-member cohort from 1 of the plans for which medical  
claims data were available. We evaluated trends in TZD use for each month 
for the 17-month period from January 1, 2007, through May 31, 2008, 
including the percentage of TZD users at increased CV risk. In the trend 
analysis, for each calendar month of 2007, we calculated mean pharmacy 
claim counts per day per million members for each of the 2 TZD drugs  
and for a comparison drug, sitagliptin, a new oral hypoglycemic agent in a 
different class (dipeptidyl-peptidase-IV inhibitors). For the CV risk analysis, 
we used the database of integrated medical and pharmacy claims for the 
1.4 million-member cohort to identify patients with a current days supply  
of a TZD on May 20, 2007, December 7, 2007, or May 20, 2008. The  
medical claims for all identified patients were queried back 2 years 
from May 20, 2007, December 7, 2007, or May 20, 2008, respectively. 
Rosiglitazone users at increased CV rsk were defined as those with a 
medical claim with a primary diagnosis for congestive heart failure (CHF; 
International Classification of Diseases, Ninth Revision, Clinical Modification 
[ICD-9-CM] codes 428.xx or 398.91), those with a current supply of nitrate 
or insulin therapy, or those with ischemic heart disease, including myocar-
dial infarction (MI; ICD-9-CM codes 410.xx through 414.xx, or surgical pro-
cedure codes [36.0x through 36.3x for removal of obstruction and insertion 
of stents, bypass surgery, and revascularization] in the primary diagnosis 
field). Pioglitazone users at increased risk were identified from medical 
claims with a CHF diagnosis code.

RESULTS: The average number of claims per day per million members in 
January 2007 was 97.3 for rosiglitazone and 107.2 for pioglitazone. The 
average number of claims for rosiglitazone per day per million members 
began to decrease in May 2007, falling to 41.0 in December 2007, for a total 
decrease of 58.6% from the February 2007 peak (99.1), and fell further to 
31.8 in May 2008. Pioglitazone use increased 8.0% from January to June 
2007 (107.2 to 115.8) and remained relatively flat through December 2007 

(114.6) and through May 2008 (108.9). Sitagliptin claims increased 5-fold,  
at a consistent rate, from an average of 8.6 claims per day per million 
members in January 2007 to 43.4 in December 2007, and continued to 
increase to 48.7, in May 2008. Of the 5,117 rosiglitazone users on May 20,  
2007, 1,296 (25.3%) were identified at increased CV risk versus 590 
(22.5%) of 2,621 users on December 7, 2007 (P = 0.006), and 336 (21.8%) 
of 1,541 users in May 2008 (P = 0.005). Of 6,056 pioglitazone users on  
May 20, 2007, 170 (2.8%) had a CHF diagnosis versus 160 (2.5%) of  
6,275 users on December 7, 2007 (P = 0.376), and 122 of 5,998 users in 
May 2008 (P = 0.006).

CONCLUSIONS: Although rosiglitazone utilization per million members 
declined by more than half in 2007, when CV safety concerns started to 
emerge, about 1 in 5 rosiglitazone users had elevated CV risk at year-end 
2007 and in May 2008. About 3% of pioglitazone users in May 2007 had 
a diagnosis of CHF in claims history, which declined to 2% in May 2008. 
Insurers should consider the impact of persistent utilization of TZDs among 
members with CV risk factors when making formulary decisions.
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•	 The label of rosiglitazone, 1 of 2 thiazolidinediones (TZDs) for 
use in diabetes, was updated twice in 2007 with additional 
cardiovascular (CV) risk warnings. The U.S. Food and Drug 
Administration (FDA) required updates to rosiglitazone pre-
scribing information in August 2007 in a black-box warning 
regarding congestive heart failure (CHF) and in November 2007 
regarding precautions about coadministration of rosiglitazone 
with insulin or nitrates.

•	 Pioglitazone had an FDA-required prescribing update with a 
black-box warning for risk of CHF in August 2007. However, 
unlike rosiglitazone, pioglitazone has no myocardial ischemic 
warnings and no warnings for coadministration with insulin or 
nitrates.

What is already known about this subject

RESEARCH

Note: This article is discussed in an editorial on pages 563-70 of this issue.
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Consensus guidelines developed by the American Diabetes 
Association (ADA) and the European Association for the 
Study of Diabetes (EASD) identify thiazolidinediones 

(TZDs) as a second-line option after lifestyle modifications and 
the maximum tolerated dose of metformin are not effective.1 
The TZDs received U.S. Food and Drug Administration (FDA) 
approval in 1999. Their unique mechanism of action and low risk  
of hypoglycemia contributed to rapid market uptake. In the first  
full year on the U.S. market in 2000, rosiglitazone ranked #40 
in community pharmacy sales ($618 million), and pioglitazone 
ranked #47 with $551 million in sales.2 In 2006, rosiglitazone 
and pioglitazone rose to rank #17 and #14, with approximately 
$1.664 billion and $1.926 billion in community pharmacy sales, 
respectively.2 The increase in the utilization of TZDs between 
2000 and 2006 may have, in part, been fueled by their purported 
potential to reduce cardiovascular (CV) event risk.3-6

Although low hypoglycemic risk and potential CV benefits 
may have propelled TZD use and sales, congestive heart failure 
(CHF) safety concerns were known at the time of FDA approval 
of both TZDs.7-10 Furthermore, the ADA published a consensus 
statement in 2004 warning health care professionals of the risk 
factors for TZD-induced heart failure, which included (but were 
not limited to) a history of heart failure, history of prior myo-
cardial infarction (MI), or symptomatic coronary artery disease, 
and insulin coadministration.11 In May 2007, the CV risk associ-
ated with rosiglitazone expanded beyond CHF when 2 meta-
analyses were published indicating that rosiglitazone may be 
associated with an increased risk of MI (Table 1). The first study 
was published online on May 21, 2007, in which Nissen and 
Wolski evaluated 42 randomized clinical trials and found that 
rosiglitazone was associated with 1.43 (95% confidence interval 
[CI] = 1.03-1.98; P = 0.03) times increased risk of MI compared 
with treatment that did not include rosiglitazone; however, death 
from a CV cause was not statistically significant.12 The second 
study was a rosiglitazone meta-analysis performed by the drug’s 
manufacturer using the same data, finding a nearly identical 
significantly increased risk of myocardial ischemia (1.31; 95% 
CI = 1.01-1.70).13

In response to growing CV safety signals, on July 30, 2007,  
the FDA held a joint meeting of the Endocrinologic and Meta
bolic Drugs Advisory Committee and the Drug Safety and Risk 
Management Advisory Committee to discuss the current rosigli-
tazone evidence.14 The joint committee agreed that the available 
data supported a conclusion that rosiglitazone use was associated 
with increased cardiac ischemia risk; however, the committee 
concluded that the overall risk-benefit profile of rosiglitazone 
supported leaving the drug on the market.15 The minutes of 
the advisory meeting also reflect that: “The committee further 
identified subpopulations at potential risk, such as nitrate users, 
those with established cardiovascular disease, and those with  
coexisting insulin therapy, who appeared to have an increased 
risk.”16 The committee raised concerns about the quality of the 
meta-analysis data, including short duration of the trials, low 
number of cardiac events, and study heterogeneity.

On August 14, 2007, a new boxed warning was added to both 
TZD labels notifying health care professionals of the increased 
CHF risk. In November 2007, rosiglitazone’s manufacturer made 
further safety warning label changes. The updated rosiglitazone  
label includes the following statement: “A meta-analysis of  
42 clinical studies (mean duration 6 months; 14,237 total 
patients), most of which compared Avandia to placebo, showed 
Avandia to be associated with an increased risk of myocardial 
ischemic events such as angina or MI. Three other studies (mean 
duration 41 months; 14,067 patients), comparing Avandia to 
some other approved oral antidiabetic agents or placebo, have 
not confirmed or excluded this risk. In their entirety, the avail-
able data on the risk of myocardial ischemia are inconclusive.”17 
In addition, the rosiglitazone label warnings and precautions 
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•	 This is the first TZD utilization report in the literature following  
the drug label changes in 2007 regarding increased CV risks. We  
found a 54.0% decrease in utilization of rosiglitazone between 
May 2007 and December 2007 and a 1.2% increase in pioglita-
zone during the same time period, when both agents were on 
the preferred drug list (PDL) with the same copayment amount 
and without formulary guideline differences for the 2 TZDs.

•	 After rosiglitazone was removed from the commercial national 
PDL in January 2008, rosiglitazone use continued to decline, to 
a mean 31.8 claims per day per million members in May 2008, a 
drop of 67.9% from peak utilization of 99.1 in February 2007.

•	 Despite the large reduction in claims per million members, 
slightly more than 1 in 5 rosiglitazone users had evidence 
of risk for a CV event in December 2007, and in May 2008. 
Approximately 1 in 36 pioglitazone users had evidence of 
CHF in May 2007, which declined to about in 1 in 50 users in  
May 2008.

•	 The 5,117 rosiglitazone users in May 2007, 2,621 rosiglitazone 
users in December 2007, and 1,541 users in May 2008 were 
categorized into 4 mutually exclusive CV risk groups, only one 
of which exhibited a significant change; 2.8% of users in May 
2007 had a medical claim for CHF versus 2.4% in December 
2007 and 1.7% in May 2008 (P = 0.015). Prevalence rates for the 
other 3 risk factors were essentially unchanged among rosigli-
tazone users in May 2008 compared with May 2007; 2.7% in 
May 2007 and May 2008 had a current supply of a nitrate drug 
(P = 0.982), 13.1% had a current supply of insulin versus 11.3% 
in May 2008 (P = 0.057), and 6.7% had a medical claim for a 
primary diagnosis of ischemic heart disease versus 6.1% in May 
2008 (P = 0.432).

What this study adds
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section was updated, stating that coadministration of rosiglita-
zone with nitrates or insulin is not recommended.17 Of note, the 
pioglitazone label does not contain any references to myocardial 
ischemia safety concerns or any coadministration warnings.

Pharmacy benefit managers and health care professionals are 
presented with a difficult choice on how to address the safety 
concerns about rosiglitazone. Delays in modification of formulary 
guidelines could put some patients at risk, but restricting use might 
deprive some patients of a therapeutic option or result in disrup-
tion of therapy for other patients. Analysis of utilization claims  
data trends and the prevalence of rosiglitazone utilization among 
high-risk patients permits determination of the possible implica-
tions of changes in formulary treatment guidelines.

The primary objectives of this study were to (a) determine the 
percentage of TZD (rosiglitazone or pioglitazone) users who had 
medical claims indicating increased CV risk before and after the 
May 21, 2007, Nissen and Wolski rosiglitazone meta-analysis, 
and (b) describe TZD utilization trends in light of new safety 
concerns.

■■  Methods
The first part of our analysis used retrospective administrative 
pharmacy claims from 9 commercial BlueCross BlueShield plans,  
with a combined 9 million eligible members. Pharmacy claims 
were analyzed to study the potential influence of major events on 
rosiglitazone and pioglitazone utilization. The assigned Generic  
Product Identifier (GPI, Medi-Span) was used to identify drug 

products with GPI codes that start with 27607060 (rosiglita-
zone), 2799780260 (rosiglitazone with glimepiride), 2799800260  
(rosiglitazone with metformin), 27607050 (pioglitazone), 
2799780240 (pioglitazone with glimepiride), and 2799800240 
(pioglitazone with metformin). The average number of claims 
for rosiglitazone and pioglitazone per day per million members 
were calculated for each month from January 1, 2007, through 
May 2008. For example, rosiglitazone claims per day peaked 
in February 2007 at 897.2, so average claims per day per mil-
lion members would be 99.1 (897.2 claims / 9,054,886 mem-
bers  × 1,000,000) for that month. We did not adjust claims for 
mail order or claims with a 60- or 90-day supply.

We identified 5 major events on 4 calendar days in 2007 
regarding safety concerns related to rosiglitazone in certain 
patients: (1) the May 21, 2007, online release of the rosiglitazone 
meta-analysis performed by Nissen and Wolski and the FDA 
safety warning on the same day; (2) the July 30, 2007, conclu-
sion of an FDA advisory committee meeting that rosiglitazone 
increased cardiac ischemic risk; (3) the August 14, 2007, update 
of TZD labels with a black-box warning for heart failure; and  
(4) the November 14, 2007, update to the warnings and precau-
tions section of the rosiglitazone label for coadministration of 
nitrate or insulin. The August 14, 2007, FDA warning and label 
change affected pioglitazone as well as rosiglitazone.

Sitagliptin claims (including combination products) for the 
same period were included as a reference comparison using 
the same methodology. The sitagliptin single-agent entity was 

TABLE 1 Description of Five Major Public Events Regarding Thiazolidinediones in 2007

Date Event Substance
May 21 12,26 Nissen and Wolski rosiglitazone meta-analysis and FDA safety alert on Avandia a Rosiglitazone

July 30 14 FDA advisory committee meeting Rosiglitazone

August 14 27 Prescribing information updated with a black-box warning for exacerbation and precipitation  
of heart failure b

Rosiglitazone and pioglitazone

November 14 28 Prescribing information updated warnings and precaution section for coadministration of 
nitrate or insulin c

Rosiglitazone

a The FDA Safety Alert released on May 21, 2007, included warning of a “potentially significant increase in the risk of heart attack and heart-related deaths in patients 
taking Avandia.” FDA News. FDA Issues Safety Alert on Avandia. Available at: www.fda.gov/bbs/topics/NEWS/2007/NEW01636.html.
b The label changes for rosiglitazone and pioglitazone described in the FDA Alert (Information for Healthcare Professionals) on August 14, 2007, included a new black-box 
warning: “Fluid retention, weight gain, edema, and heart failure are known side-effects of TZDs. Continued post-marketing reports of heart failure have prompted the  
FDA to increase the prominence of this safety concern in the labels for these drugs. This cardiovascular concern is separate from a recent concern of increased myocardial  
ischemia risk.” The new FDA recommendations and considerations included the language: Thiazolidinediones, including Actos, Actoplus Met, Duetact, Avandia, 
Avandamet, and Avandaryl: (1) may cause or exacerbate congestive heart failure in some patients; (2) initiation of these drugs in patients with established NYHA Class III 
or IV heart failure is contraindicated; (3) after initiation of these drugs, and after dose increases, observe patients carefully for signs and symptoms of heart failure  
(including excessive, rapid weight gain; dyspnea; and/or edema); and (4) if these signs and symptoms develop and heart failure is confirmed, appropriate management of 
heart failure should be initiated. Discontinuation or dose reduction of these drugs should be considered.
c The label changes for rosiglitazone only on 11/14/07 included the language: Rosiglitazone may cause myocardial ischemia in some patients. Coadministration of  
rosiglitazone and insulin is not recommended.  A higher risk of myocardial ischemia was observed in controlled, double-blind clinical trials, where rosiglitazone was  
added on to established insulin therapy. Rosiglitazone is not recommended for patients with heart disease who are taking nitrates. A subgroup analysis of 42 clinical  
studies identified that patients with heart disease who are taking nitrates are at an increased risk of myocardial ischemia.
FDA = U.S. Food and Drug Administration; TZDs = thiazolidinediones.

http://www.fda.gov/bbs/topics/NEWS/2007/NEW01636.html
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approved by the FDA on October 16, 2006 (GPI starts with 2755), 
and the combination sitagliptin with metformin was approved  
by the FDA on March 30, 2007 (GPI starts with 27992502).18,19

The second part of our analysis used retrospective administra-
tive medical and pharmacy claims from a 1.4 million member 
subgroup of our 9 million eligible members. Three separate 
cohorts of members, 1 with members having a rosiglitazone sup-
ply and another with members having a pioglitazone supply on 
May 20, 2007 (1 day prior to the Nissen and Wolski rosiglitazone 
meta-analysis publication release), were identified. This same 
analysis was repeated with the requirement of a rosiglitazone 
or pioglitazone supply on December 7, 2007 (approximately  
6 months after the release of the results of the Nissen and Wolski 
rosiglitazone meta-analysis). A final analysis was repeated with 
the requirement of a rosiglitazone or pioglitazone supply on  
May 20, 2008 (1 year after the initial cohort analysis), for a total 
of 6 cohorts. We defined use of rosiglitazone and pioglitazone 
on May 20, 2007, December 7, 2007, or May 20, 2008, using the 
member’s claim, the date filled, and the days supply entered on 
the claim. For the May 20, 2007, analysis, all identified members’ 
medical claims were queried from May 21, 2005, through May 20,  
2007. For the December 7, 2007, analysis, the medical claims 
for all identified members were queried from December 8, 2005, 
through December 7, 2007. For the May 20, 2008, analysis, all 
identified members’ medical claims were queried from May 21, 
2006, through May 20, 2008. Members were not required to be 
continuously enrolled. Medical claims were searched for a diag-
nosis of CHF (International Classification of Diseases, Ninth Revi
sion, Clinical Modification [ICD-9-CM] codes 428.xx and 398.91), 
or ischemic heart disease (IHD; ICD-9-CM codes 410.xx through 
414.xx, or surgical procedure codes [36.0x through 36.3x for 
removal of obstruction and insertion of stents, bypass surgery, 
and revascularization]) in the primary diagnosis field. In addition 
to evaluation of the medical claims, these members’ pharmacy 
claims were queried for the presence of a current days supply of a 
nitrate (GPI beginning with 3210) and/or insulin (GPI beginning 
with 2710) on May 20, 2007, December 7, 2007, or May 20, 2008; 
in other words, the fill date on the claim had to have a sufficient 
days supply for the patient to have insulin and/or nitrate on hand 
on May 20, 2007, December 7, 2007, or May 20, 2008.

The assessment of a CHF or IHD medical claim diagnosis and 
the nitrate or insulin pharmacy supply were selected because 
of the FDA advisory committee meeting minutes. Further cate
gorization of members was done to create a mutually exclusive 
hierarchical grouping ranked as CHF, nitrate, insulin, or IHD. 
For example, a patient with a medical diagnosis of CHF and a 
current supply of insulin would be classified in the CHF category. 
Members with neither the presence of a primary diagnosis on  
a medical claim for CHF or IHD nor a pharmacy supply of nitrate 
or insulin were defined as not having claims data to indicate 
increased potential cardiac risk. Statistical comparisons were 
performed using the Pearson chi-square analysis for the within-

drug proportions at increased risk before and after release of the 
meta-analysis by Nissen and Wolski. Statistical significance was 
set at P < 0.01 to account for multiple comparisons. (SAS Institute 
Inc., Cary, NC)

■■  Results
Pioglitazone, rosiglitazone, and sitagliptin were all on the  
preferred drug list (PDL) of the 2007 drug formulary. The pio-
glitazone, rosiglitazone, and sitagliptin trends in the average 
number of claims per day per million members from January 1, 
2007, through May 31, 2008, are presented in the Figure. The 
mean number of rosiglitazone claims (including combination 
products) per day per million members was 97.3 in January 2007 
and peaked in February 2007 at 99.1 claims per day per million 
members. There was a decline in the mean number of claims 
from 98.8 in April to 89.1 in May, associated with the release of 
the Nissen and Wolski rosiglitazone meta-analysis on May 21, 
2007. The decline in rosiglitazone claims continued to 41.0 aver-
age claims per day per million members in December 2007, a 
decrease of 58.5% from the peak of 99.1 claims in February 2007, 
and decreased by 67.8% to 31.8 in May 2008.

Prior to the May 2007 Nissen and Wolski rosiglitazone meta-
analysis, the counts of pioglitazone claims (including combi
nation products) were relatively flat, varying from an average of 
107.2 to 108.3 claims per day per million members from January 
through April. Pioglitazone claims increased 4.3% in May and 
another 2.3% in June, reaching 115.8 average claims per day per 
million members. From July through December 2007, the trend 
in pioglitazone average claims per day per million members was 
flat, with a 4.5% dip during September, which rebounded slightly 
in the period from October through December. From January to 
May 2008, pioglitazone claims decreased another 4.3% (113.8 
to 108.9). Sitagliptin claims increased 5-fold, at a consistent rate, 
beginning at 8.6 average claims per day per million members in 
January and ending at 43.4 in December. The rise in sitagliptin 
slowed from January to May 2008 and ended at 48.7, a 9.7% 
increase.

Between May 20, 2007, and December 7, 2007, the number of 
members with a rosiglitazone supply decreased by 48.8%, from 
5,117 users to 2,621 users and dropped further to 1,541 users 
in May 2008, a 69.9% reduction in the number of rosiglitazone 
users (Table 2). Of the 5,117 members with a rosiglitazone supply 
on May 20, 2007, 1,296 (25.3%) met the criteria for increased CV 
risk (i.e., medical claim for CHF or IHD or current supply of insu-
lin or nitrate). The most prevalent risk factor was current insulin 
use, present in 672 (13.1%) rosiglitazone users. On December 7, 
2007, 2,621 members had a rosiglitazone supply. A CV risk factor 
was present in 590 (22.5%) of those members, with current insu-
lin use being the most common risk factor found in 307 (11.7%) 
rosiglitazone users. The only notable difference in May 2008  
compared with December 2007 was that the use of rosiglitazone 
in members with a medical claim for CHF was even lower (1.7% 
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compared with 2.4%). Current supply of insulin continued to be 
the most common risk factor (174 [11.3%]). No individual risk 
factor’s prevalence changed significantly over the 6 months. The 
overall proportion of rosiglitazone users without a risk factor 
increased an absolute 3.5%, from 74.7% to 78.2% (P = 0.005).

From May 20, 2007, to May 20, 2008, the number of members 
with a pioglitazone supply decreased by 1.0% (6,056 to 5,998; 
Table 3). The cardiac risk factor CHF was present in 170 (2.8%) 
pioglitazone users in May 2007 and 122 (2.0%) on May 20, 2008 
(P = 0.006).

■■  Discussion
Given the widespread use of TZDs and the heightened safety  
concerns, it is important to understand current utilization trends 

and the influence changes to the label may have had on the user 
demographics. To our knowledge, this is the first TZD utilization 
report after CV safety labeling changes and the first to assess 
the prevalence of CV risk factors among TZD users. The current 
study adds to our understanding of rosiglitazone users who may 
be at increased CV risk, providing health insurers with real-world 
data and allowing them to make more insightful health coverage 
determinations.

We found rosiglitazone utilization declined immediately after 
the May 2007 release concerning CV safety data, with a 33.0% 
decrease from May 2007 to July 2007. From July to December, 
use decreased only an additional 31.3%, despite an FDA commit-
tee report and 2 label changes with added safety warnings during  
that time frame. The rosiglitazone decrease in use is similar to 

Rosiglitazone and Pioglitazone Utilization from January 2007 Through May 2008 Associated With Five Risk-Warning Events
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the national reported sales decrease of 60%, or approximately 
600,000 prescriptions per month between May and October 
2007.20 Rosiglitazone use declined another 16.5% in 2008. In 
comparison, the trend in pioglitazone use was relatively flat, 
increasing marginally in the 2 months after the initial release of 
rosiglitazone CV safety concerns.

These trends between rosiglitazone and comparator products 
pioglitazone and sitagliptin are similar to a previous study we 
conducted analyzing telithromycin claims. Reports of severe liver 

toxicity were followed by an 80% decline in telithromycin claims 
between January 2006 and January 2007. Clarithromycin claims 
remained consistent during this period.21 However, our findings 
differ from those of Wilkinson et al., who found that after 2 FDA 
warnings, utilization of cisapride and troglitazone continued to 
increase.22 It was not until after 5 FDA alerts for cisapride and  
4 alerts for troglitazone that utilization of cisapride and tro-
glitazone declined significantly. The apparent quick telithro-
mycin decline may have been due to telithromycin short-term  

TABLE 2 Rosiglitazone Users and Presence of Cardiovascular Risk Factors—Pre- and Post-Safety Concerns

Risk Factor

May 2007 
% (n) Patients 

(N = 5,117)

Dec 2007 
% (n) Patients 

(N = 2,621)

May 2007  
vs. Dec 2007  

P Value a

May 2008 
% (n) Patients 

(N = 1,541)

May 2007  
vs. May 2008  

P Value a
Risk Factor Included  

in Package Insert
Congestive heart failure b,c 2.8%

(143)

2.4%

(63)

0.312 1.7%

(26)

0.015 Yes—as of August 2007  
(black box), and prior to  
August 2007, it was a warning

Current supply of nitrate drug b,d 2.7%

(140)

2.8%

(74)

0.825 2.7%

(42)

0.982 Yes—as of November 2007  
(warnings and precautions section)

Current supply of insulin b,d 13.1%

(672)

11.7%

(307)

0.075 11.3%

(174)

0.057 Yes—as of November 2007  
(warnings and precautions section)

Ischemic heart disease b 6.7%

(341)

5.6%

(146)

0.060 6.1%

(94)

0.432 No

Total with risk factor(s) 25.3%

(1,296)

22.5%

(590)

0.006 21.8%

(336)

0.005

No risk factor e 74.7%

(3,821)

77.5%

(2,031)

0.006 78.2%

(1,205)

0.005

Note: totals may not sum to 100% due to rounding.
a Pearson chi-square test.
b Increased risk of congestive heart failure is a black-box warning for both rosiglitazone and pioglitazone.13,21 Ischemic heart disease and concomitant nitrate and insulin 
are additional warnings only for rosiglitazone.13

c Congestive heart failure and ischemic heart disease defined as a medical claim in the prior 2 years with ICD-9-CM codes 428.xx or 398.91 or codes 410.xx through  
414.xx or surgical procedure code 36.0x through 36.3x in the primary diagnosis field.
d Pharmacy claim with a current supply identified by generic product identifiers beginning with 3210 for nitrate and 2710 for insulin.
e 99 (1.9%) on May 20, 2007, 58 (2.2%) on December 7, 2007, and 59 (3.8%) on May 20, 2008, members did not have any medical claims in the prior 2 years.
ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.

TABLE 3 Pioglitazone Users and Presence of Cardiovascular Risk Factors—Pre- and Post-Safety Concerns

Risk Factor

May 2007 
% (n) Patients 

(N = 6,056)

Dec 2007 
% (n) Patients 

(N = 6,275)

May 2007  
vs. Dec 2007  

P Value a

May 2008 
% (n) Patients 

(N = 5,998)

May 2007  
vs. May 2008  

P Value a
Risk Factor Included  

in Package Insert
Congestive heart failure b 2.8%

(170)

2.5%

(160)

0.376 2.0%

(122)

0.006 Yes—as of August 2007  
(black box), and prior to  
August 2007, it was a warning.

a Pearson chi-square test.
b Congestive heart failure is defined as a medical claim in the prior 2 years with ICD-9-CM codes 428.xx or 398.91; the presence of congestive heart failure is a black-box 
warning for both rosiglitazone and pioglitazone.13,21

ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.
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(< 14 days) and episodic therapy. The rapid decline of rosiglita-
zone in our data may have been due to the heightened media 
attention associated with the Nissen and Wolski rosiglitazone 
meta-analysis, as opposed to FDA MedWatch alerts and label 
changes with cisapride and troglitazone.

Although overall utilization of rosiglitazone declined by more 
than 50% during 2007, a clinically important 1 in 5 rosiglitazone  
users still had a CV risk factor in December 2007 and in  
May 2008. Of interest, greater than 50% of the at-risk rosiglita-
zone users were at increased risk due to their concomitant insulin 
therapy. A potentially safer alternative to TZD use in a population 
with CV risk may be insulin monotherapy, which would greatly 
reduce the rosiglitazone risk exposure.1,23 Given that more than 
20% of rosiglitazone users had a CV risk factor in December 2007 
and in May 2008, it appears that some health care professionals 
have yet to act upon the information available from the FDA joint 
advisory committee or the November 2007 label changes.

We used pioglitazone as a comparator with rosiglitazone 
because it is the other FDA-approved TZD. At the time of this 
research, CHF was and is currently the only CV risk factor for 
pioglitazone. In our data, patients with a CHF medical claim 
represented 1 in 36 pioglitazone users on May 20, 2007, a preva-
lence rate (2.8%) that was identical to that of rosiglitazone users, 
and the use of both TZDs in members with a CHF medical claim 
was unchanged statistically: 1 in 40 pioglitazone users and 1 in  
42 rosiglitazone users in December 2007. One year after the 
release of data showing CV concerns with the TZDs, utilization 
in members with a medical claim for CHF decreased further, a 
change that reached statistical significance for pioglitazone (1 in 
50 users, P = 0.006). With the many alternatives to manage type 
2 diabetes and the black-box warning included in the labels, we 
are concerned that we found members with a medical claim for 
CHF who continued to use a TZD.

The authors of the “2008 ADA and EASD Consensus Statement 
on Management of Hyperglycemia in Type 2 Diabetes” summa-
rized their statement as follows: “In conclusion, new information 
suggests additional hazards associated with the use of either 
thiazolidinedione, and rosiglitazone, in particular, may result in 
an increased frequency of myocardial infarctions. We, therefore, 
recommend greater caution in using the thiazolidinediones, 
especially in patients at risk of, or with CHF.” 1 We agree with 
the consensus recommendation, and in light of our findings, 
we believe health care professionals and insurers should con-
sider the impact of continued rosiglitazone use among patients 
at potential increased cardiac risk and take the measures they 
deem necessary to ensure they receive optimal, safe, and effective  
pharmacotherapy.

Weighing our CV risk-exposure findings, a literature review, 
and expert opinion, we recommended to our independent exter-
nal pharmacy and therapeutics (P&T) committee that rosiglita-
zone be removed from the formulary PDL. We analyzed medical  
and pharmacy claims data in October 2007 to determine the 

percentage of TZD users who had medical claims indicating 
increased CV risk before and after public release of the Nissen and 
Wolski meta-analysis. In November 2007, the P&T committee 
voted to remove rosiglitazone from the national formulary PDL, 
and the change was effective January 1, 2008. On October 18,  
2007, the U.S. Department of Veterans Affairs reported it would 
begin to severely limit use of rosiglitazone, and on December 6, 
2007, Health Trans reported removing rosiglitazone from their 
PDL due to safety concerns.20,24 This drug formulary change 
for rosiglitazone did not affect the status of pioglitazone on the 
PDL, and rosiglitazone could still be obtained via an exception 
process.

Limitations
The analysis was intended to explore potential associations 
between TZD utilization and release of the Nissen and Wolski 
rosiglitazone meta-analysis, FDA advisory committee meeting 
findings, and product label changes; hence, a direct cause-and-
effect link cannot be made. Second, medical and pharmacy 
claims data are intended for administrative and payment pur-
poses, and as such, they may represent information that is false-
positive or false-negative. Our analysis assumes that the medical 
diagnosis recorded on the claim is accurate. We did not perform 
either chart review or have electronic medical records available to 
audit the claims medical diagnosis information. However, the use 
of ICD-9-CM codes for identifying IHD and CHF has been found 
to have a high specificity (> 0.95) and low sensitivity (≤ 0.76) 
when compared with chart review.25 In addition, we limited our 
criteria of positive identification for the presence of IHD or CHF 
to the primary diagnosis field. Although primary diagnosis has 
been found to be a more accurate predictor of the true diagnosis 
via chart review,25 it is possible that we missed comorbid risk fac-
tors indicated in secondary or tertiary diagnosis fields on claims 
for visits with a primary diagnosis of diabetes.

Third, we used the days supply field to define drug exposure  
as the number of days the member took the medication, from  
the date of service (fill date). From January 1, 2007, through 
May 2008, 14.2% of pioglitazone claims, 12.6% of rosiglitazone 
claims, and 11.6% of sitagliptin claims had days supply of 90 
or more, and a larger days supply might overestimate actual 
drug exposure, as well as understate the actual claims per day 
per million members. Actual drug exposure might also be 
overestimated because members may not have taken the entire 
days supply that was dispensed or the number of days supply 
may have been either estimated incorrectly or entered on the 
pharmacy claim incorrectly. The claim count per day per mil-
lion members is understated, for example, in July and August 
2007 when a 90-day supply is dispensed in June 2007, and the 
next refill is not dispensed until September 2007. However, this 
potential understatement of drug claims related to 90-day supply 
would be important only if there were significant changes in the  
proportion of 90-day versus 30-day supply for these 3 drugs over 
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time, a trend that we did not find in the data. Fourth, our inte-
grated medical and pharmacy data are also limited to a specific 
geographical region in the Midwest and may not be generalized 
to Medicare or Medicaid populations or other geographic regions. 
Finally, our use of a Pearson chi-square test assumes independent 
samples, and some of our members may have been present in 
multiple cohorts.

■■ Conclusions
Rosiglitazone claims per million members declined by more than 
50% after the May 2007 CV safety concerns were publicized. 
However, we are concerned that some health care professionals 
may not be using sufficient caution when prescribing rosiglita-
zone because about 1 in 5 of the rosiglitazone users had a CV 
risk factor in December 2007 and in May 2008. About 1 in 50 
pioglitazone patients had a history of CHF in their medical claims 
in May 2008, down from 1 in 36 pioglitazone patients in May 
2007. Given the confluence of information surrounding rosigli-
tazone use in high-risk members and the many disadvantages 
now known to be associated with TZDs, some managed care 
organizations have removed rosiglitazone from preferred place-
ment on their formularies. Two other managed care methods to 
safeguard members from high-risk medications are retrospective 
drug utilization programs (RetroDUR) to inform prescribers 
and concurrent utilization management programs such as prior 
authorization or step-therapy. Health care professionals need to 
reassess continued TZD use, and especially rosiglitazone use, on 
a patient-by-patient basis. Insurers should consider the impact 
of persistent rosiglitazone use among members at potentially 
increased cardiac risk and should take the necessary measures 
to ensure that their members receive optimal safe and effective 
pharmacotherapy. Further study should be done to confirm TZD 
use among high-risk patients, and whether this use is associated 
with increased adverse medical events and health care expendi-
tures.
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