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Abstract

Background—Responsiveness to the Food and Drug Administration (FDA) rosiglitazone safety 

alert, issued on May 21, 2007, has not been examined among vulnerable subpopulations of the 

elderly.

Objective—To compare time to discontinuation of rosiglitazone after the safety alert between 

black and white elderly persons, and across sociodemographic and economic subgroups.

Research Design—A cohort study.

Subjects—Medicare fee-for-service enrollees in 2007 who were established users of 

rosiglitazone identified from a 20% national sample of pharmacy claims.

Measures—Outcome of interest was time to discontinuation of rosiglitazone after the May alert. 

We modeled the number of days following the warning to the end of the days’ supply for the last 

rosiglitazone claim during the study period (May 21, 2007–December 31, 2007) using 

multivariable proportional hazards models.

Results—More than 67% of enrollees discontinued rosiglitazone within six months of the 

advisory. In adjusted analysis, white enrollees (hazard ratio = 0.90; 95% confidence interval, 

0.86–0.94) discontinued rosiglitazone later than the comparison group of black enrollees. 

Enrollees with a history of low personal income also discontinued later than their comparison 

group (hazard ratio = 0.84; 95% confidence interval, 0.81–0.87). There were no observed 

differences across quintiles of area-level socioeconomic status.

Conclusions—White race and a history of low personal income modestly predicted later 

discontinuation of rosiglitazone after the FDA’s safety advisory in 2007. The impact of FDA 

advisories can vary among sociodemographic groups. Policymakers should continue to monitor 

whether risk management policies reach their intended populations.
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On May 21, 2007, concurrent with the online publication of a widely anticipated meta-

analysis,1 the Food and Drug Administration (FDA) issued a safety alert warning of a 

“potentially significant increase in the risk of heart attacks in patients taking the oral 

antidiabetic Avandia (rosiglitazone).”2 Because other treatment options were available, and 

most people with diabetes are at high risk for cardiovascular disease,3,4 the expectation was 

that the majority of patients would discontinue use of the drug.5

Use of rosiglitazone nationally decreased from 11% to 3% of total dispensings for oral 

diabetes medications within two years after the safety alert.6 Little research has evaluated 

whether the effectiveness of FDA safety communications varies as a function of racial and 

sociodemographic characteristics, especially among the most vulnerable elderly. The 

pervasiveness and scope of disparities in health care is well known, and may extend to 

exposure to high-risk drugs.7–13 Because FDA advisories can have a varied impact on 

medication use,14 understanding whether these interventions equitably affect patient 

subgroups can inform future risk mitigation strategies.

Although the FDA recommended lifting restrictions on rosiglitazone in November of 

2013,15,16 the agency continues to utilize alerts as a tool to communicate serious concerns 

about drug safety. We used data from Medicare fee-for-service (FFS) Part D recipients to 

quantify differences in time to discontinuation of rosiglitazone between black and white 

enrollees and among different sociodemographic and socioeconomic subgroups.

METHODS

Data Sources

We obtained the 2007 Medicare Part D Prescription Event file for a national random sample 

of 20% of Medicare FFS enrollees. This file contains pharmacy claims for every outpatient 

prescription filled for an enrollee in the sample. We linked the Part D file to the Medicare 

Enrollment file, Prescriber Characteristics file, and Part A Inpatient and Part B Outpatient 

claims files for the same year. The Enrollment file includes information on 

sociodemographic characteristics of enrollees, including race,17 zip code of residence, and 

eligibility for Medicaid and low-income Part B subsidies. Diagnosis codes and health care 

utilization variables came from the Part A inpatient claims and the Part B outpatient files. 

The Prescriber Characteristics File contains provider specialty information.18

We constructed the Agency for Healthcare Research and Quality (AHRQ) socioeconomic 

status (SES) index score for each beneficiary using zip code information linked to the 2000 

United States Census data. The SES index score is calculated at the census block level with 

a greater score associated with better neighborhood SES. Composition and justification of 

the score is described in detail by AHRQ.19
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Study Population

The study population consisted of black and white enrollees, 65 years of age and older, who 

were current users of rosiglitazone on the date of the May 21, 2007 safety advisory. An 

enrollee was considered a current user if they had at least two claims for rosiglitazone 

between January 1, 2007 and May 21, 2007 and if the period defined by the final dispensing 

date in the preadvisory period (hereafter referred to as the index rosiglitazone claim) plus the 

days’ supply overlapped with the date of the advisory. We required at least two fills of 

rosiglitazone to identify enrollees with a persistent pattern of use and a days’ supply ≤ 31 

days for the index rosiglitazone claim.

The period before the May advisory was used to ascertain sociodemographic information, 

baseline clinical history, and health care utilization covariates. We classified enrollees as 

having a history of cardiovascular disease if they had the following ICD-9 diagnosis codes 

in the Medicare Part A and Part B files between January 1, 2007 and the date of the FDA 

alert:

• Acute myocardial infarction[AMI (410.x)]

• Coronary Atherosclerosis or ischemic heart disease [IHD (410.x–414.x, 429.2, 

V45.81, V45.82)]

• Congestive Heart Failure [CHF (398.91, 402.01, 402.11, 402.91, 404.01, 404.11, 

404.91, 404.03, 404.13, 425.x, 428.9)]

• Peripheral and Visceral Atherosclerosis [ATH (440. 1–440.23)] or

• Surgical procedure codes [36.0x through 36.3x for removal of obstruction and 

insertion of stents, bypass surgery, and revascularization]

Outcome Measure

Our outcome of interest was time to discontinuation of rosiglitazone, defined as the number 

of days from the end of the days’ supply of the index rosiglitazone claim (the index end 

date) to the end of the days’ supply for the last rosiglitazone claim during the study period 

(May 21, 2007–December 31, 2007), the date of death, or end of study period, whichever 

came first. If the days’ supply of the last prescription claim came after the end of the study 

period, the patient follow-up time was censored on December 31, 2007.

Race, Low Personal Income, and SES

The primary independent variables of interest were enrollee race, a history of low personal 

income defined by at least 1 month of enrollment in Medicaid or any state Medicaid low-

income subsidy assistance for Medicare Part B premiums and cost-sharing during the 

baseline period20 (hereafter referred to as low personal income), and SES index score (by 

quintile). We focused on black and white enrollees because previous research has validated 

the race variable for black and white enrollees in Medicare data,21 whereas coding for other 

racial groups, including Hispanics, has been found to be less accurate.
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Covariates

Additional covariates of interest were age (categorical), sex, US Census division of 

residence (9 divisions total), medication possession ratio (MPR) for rosiglitazone in the 

baseline period before the May warning, and receipt of any oral nonthiazolidinedione 

diabetes medication in the preperiod (yes/no). The MPR was calculated in the baseline 

period as the sum of the days’ supply of rosiglitazone over the 140 days of the period. The 

final MPR covariate was designated as a binary indicator with an MPR ≥ 1 representing 

enrollees with refill patterns sufficient to meet prescribed doses in the preperiod, and those 

with an MPR < 1 with comparatively lower adherence. Health utilization parameters of 

interest were number of outpatient visits to a provider in the baseline period (≤ 2 evaluation 

and management claims or >2 claims) and prescriber specialty (categorized as 

endocrinology/cardiology or other).

Observation Period

The observation period for this study began May 21, 2007, when the Nissen and Wolski1 

meta-analysis was published online and the FDA safety alert was contemporaneously 

communicated to the public through the FDA web site as well as to health care providers 

through “Dear Doctor” letters. Censoring occurred at death or study end date (December 31, 

2007).

Statistical Analysis

We employed survival analysis using Kaplan-Meier estimation with log-rank tests of 

equality of the cumulative hazards functions, as well as Cox proportional hazards regression 

analysis. We compared crude and adjusted time to discontinuation of rosiglitazone in the full 

analytic sample and among enrollees with a history of cardiovascular disease. The fully 

adjusted models included all the covariates described previously. Follow-up time for each 

patient was defined as the period from the index end date until the earlier of the end of the 

study or the date of death. The appropriateness of the Cox model assumption of proportional 

hazards was confirmed and all variables were tested for noncollinearity.

We conducted all analyses using the statistical analysis software Stata, version 13.0, and 

SAS, version 9.2. The Brown University Institutional Review Board and the CMS Privacy 

Board approved this study.

RESULTS

Our analytic sample consisted of 37,412 white users of rosiglitazone among whom 23% had 

a history of cardiovascular disease and 7862 black users among whom 19% had 

cardiovascular disease. Figures 1A and B plot the percentage of total oral diabetic claims 

that were rosiglitazone or pioglitazone (the alternate drug in the thiazolidinedione class) in 

the entire 2007 Medicare Part D sample and in our study sample, respectively. Following the 

warning, rosiglitazone use decreased markedly among black and white enrollees in both 

samples, whereas pioglitazone use increased slightly.
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In the full sample and among those with a history of cardiovascular disease, black enrollees 

were more likely to be female, have a history of low personal income, and live in 

communities of lower SES (Table 1). The median follow-up time for all current users was 

209 days, and was consistent between racial groups. Approximately 4% of white and 3% of 

black enrollees died during the study period. An additional 29% of white and 29% of black 

enrollees had calculated discontinuation dates after December 31, 2007 (the study end date).

The median time to discontinuation of rosiglitazone among all current users was 107 days. 

Among all white enrollees, median time to discontinuation was 110 days, 12 days later than 

the median time for black enrollees (Fig. 2A). Among the study population not censored, 

30,491 enrollees or 67% of the entire sample discontinued rosiglitazone by the end of the 

study period (ie, within the six-month period after the safety advisory); 67% of white 

enrollees (n = 25,105) and 69% of black enrollees (n = 5386).

In unadjusted analysis, enrollees with a history of low personal income discontinued a 

median of 31 days later than those with no history of low personal income. Those in the 

lowest SES quintile discontinued a median 30 days later than those in the highest SES 

category (Figs. 2B, C).

Among enrollees with a history of cardiovascular disease, white enrollees had a median time 

to discontinuation of 92 days, compared with 91 days for black enrollees (Fig. 2D). 

Differences among those with low personal income and SES groups remained comparable to 

the full sample results (Figs. 2E, F).

In the fully adjusted Cox proportional hazards analysis (Table 2), white enrollees [hazard 

ratio (HR) = 0.92; 95% confidence interval (CI), 0.88–0.95], enrollees with a history of low 

personal income (HR = 0.84, 95% CI, 0.81–0.86), male enrollees (HR = 0.96, 95% CI, 

0.93–0.99), those with no history of cardiovascular disease (HR = 0.90, 95% CI, 0.87–0.94), 

and those without concomitant nonthiazolidinedione oral diabetic medication in the 

preperiod (HR = 0.89, 95% CI, 0.86–0.92) discontinued rosiglitazone later than their 

respective comparator groups. There were no marked differences across quintiles of SES, 

provider type, and census division groups. Among enrollees with a history of cardiovascular 

disease (Table 3), we found that the strongest factors related to earlier discontinuation were 

similar to those in the full sample. To further explore the relationship of race, personal 

income, and cost to our outcome of interest, we also ran the full model with a covariate for 

copay level and additional models stratified by race and copay. The results of these analyses 

are included in the Appendix (Supplemental Digital Content 1, http://links.lww.com/MLR/

B115).

DISCUSSION

In this study, we found that the majority of current Medicare FFS users of rosiglitazone, 

including those with a history of cardiovascular disease, discontinued use of the medication 

within six months after the May safety advisory. Patterns of use in 2007 (Figs. 1A, B) 

suggest that the precipitous decline in rosiglitazone use after the warning was not offset by 

Qato et al. Page 5

Med Care. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://links.lww.com/MLR/B115
http://links.lww.com/MLR/B115


an equal increase in use of pioglitazone. White enrollees and enrollees with a history of low 

personal income discontinued later than their counterparts.

In the adjusted analysis, there were no differences across area-level SES levels; yet we 

found that male sex, older age, no history of cardiovascular disease, and no receipt of other 

diabetic medications in the preperiod may play a role in explaining later time to 

discontinuation of rosiglitazone. The magnitude of all of these associations was small. 

Among those with a history of cardiovascular disease, white race and low personal income 

predicted later discontinuation.

The results of this study are consistent with analysis conducted in a Veterans Affairs 

population that also found black race and a history of cardiovascular disease predictive of 

earlier discontinuation of rosiglitazone after the safety advisory.22 The principal factors 

motivating these differences are uncertain. Prior research exploring racial variance in 

adherence to diabetic medications found consistent earlier discontinuation of diabetic 

pharmacotherapy among black enrollees with equal access to medications as white 

enrollees, and suggested that education and other factors related to health literacy and larger 

mistrust of the health care system may help explain these differences.23 Receipt of poorer 

quality care in general may cause skepticism of provider instructions and premature 

discontinuation of medications.24,25

The clinical consequences, if any, of black enrollees discontinuing earlier than white 

enrollees warrants further investigation, especially if the earlier discontinuation is related to 

self-motivated changes that do not rely on clinician consultation and appropriate 

modification of diabetic therapy.26 In a study of rosiglitazone discontinuation in the 

commercially insured nonelderly, 19.4% of patients who discontinued rosiglitazone and 

36.1% of those who discontinued pioglitazone did not have evidence of being prescribed an 

alternative anti-diabetic drug at follow-up six months later.27

Our findings suggest that enrollees with a history of low personal income discontinued later 

than enrollees with no history of low personal income, including within categories of race. 

However, when we included copay in the fully adjusted model, there was no variation by 

low personal income status, suggesting that the differences by income are explained by cost. 

The consumer behavior referred to as “moral hazard,” whereby enrollees may be reluctant to 

forgo even unnecessary care because of the negligible costs associated with it, may help 

explain this phenomenon.28 Previous research has also found that rosiglitazone use was 

higher in states with Medicaid programs that continued to cover the drug after the warning 

as compared with states that did not.29 Efforts at targeting risk mitigation strategies to this 

population, through for example prior authorization programs that financially incentivize 

safer prescribing, should be encouraged.

Our unadjusted results suggested a pattern of earlier discontinuation among enrollees living 

in areas of higher SES. When controlling for health care utilization, differences in 

discontinuation found in the crude analysis were no longer apparent, perhaps because we 

controlled for the mediating effect of access to health care on the relationship between SES 

and responsiveness to the FDA advisory.
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The key strength of our study is that we investigated the impact of an FDA safety advisory 

in a nationally representative elderly population, a population with greater polypharmacy 

and particular vulnerability to adverse drug events related to high-risk drugs and a 

population of which little is known in terms of responsiveness to FDA risk minimization 

policy.

Limitations

This study has some limitations. Prescription drug claims do not always reflect actual drug 

consumption by the enrollee. However, prescription claims remain the standard in terms of 

ascertaining outpatient medication exposure in secondary data sources.30 We also relied on a 

relatively short baseline period to derive covariate information related to cardiovascular 

disease and used enrollment in Medicaid or any low income subsidy as a surrogate for low 

personal income. The latter approach, while specific to our variable of interest,31 may reflect 

other conditions apart from low personal income.

We also controlled for a number of factors that may be downstream to the racial and 

healthcare experience of black enrollees. By doing so, our adjusted analyses may have 

underestimated the racial differences in our outcome. We have included the unadjusted Cox 

regression results and the crude differences in median time to discontinuation to reflect 

baseline differences for the reader. Importantly, we did not quantify the potential shift from 

rosiglitazone use to pioglitazone use and cannot explain the causal mechanisms underlying 

the racial differences we found.

CONCLUSIONS

Our findings suggest that the FDA rosiglitazone warning effectively encouraged current 

users to discontinue rosiglitazone. However, certain segments of the population appeared 

more responsive, especially black Medicare enrollees, younger enrollees, and enrollees with 

no history of low personal income. Additional research to understand the causal mechanisms 

and the clinical implications of differential responsiveness to FDA safety advisories is 

warranted for the effective and equitable construction of future risk mitigation tools.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
A, Daily percentage of rosiglitazone and pioglitazone claims per total oral diabetic 

medication claims, among all black and white 2007 Medicare Part D fee-for-service 

enrollees aged 65 years and above in a 20% national sample (n = 784,159 enrollees)*. B, 

Daily percentage of rosiglitazone and pioglitazone claims per total oral diabetic medication 

claims in 2007 in a study sample of black and white Medicare fee-for-service enrollees aged 

65 years and above defined as current users of rosiglitazone before the May 21, 2007 FDA 

safety alert (n = 45,274). *Percentages based on entire sample of Part D prescription claims 
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information for a 20% nationally representative sample of Medicare fee-for-service 

enrollees available to investigators. Denominator does not include claims for insulin-based 

pharmaceutical products.
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FIGURE 2. 
A–F, Kaplan-Meier curves of discontinuation of rosiglitazone in black and white Medicare 

fee-for-service enrollees aged 65 years and above defined as current users of rosiglitazone 

before the May 21, 2007 FDA safety alert (n = 45,274) and among a subsample of these 

enrollees with a history of cardiovascular disease (n= 10,247). A, Black versus white. B, 

Low versus not low personal income status. C, Highest versus lowest SES index score. D, 

With history of cardiovascular disease, by race. E, With history of cardiovascular disease, by 

low personal income status. F, With history of cardiovascular disease, by SES index score 
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(highest vs. lowest). Low personal income is defined as at least one month of Medicaid 

enrollment or low income subsidy from January 1 to May 21, 2007; the SES index score is 

derived from zip code-level US Census variables based on the Agency for Healthcare 

Research and Quality’s specifications; they represent community-level indices of SES. CI 

indicates confidence interval; HR, hazard ratio; SES, socioeconomic status.

Qato et al. Page 13

Med Care. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Qato et al. Page 14

TABLE 1

Baseline Sociodemographic, Clinical, and Geographic Characteristics of Current Users of Rosiglitazone in 

Medicare Feefor-Service Study Sample at Index Date by Race*

Characteristics

White
Rosiglitazone

Users (n=37,412)
(%)

Black
Rosiglitazone

Users (n=7862)
(%)

White Rosiglitazone 
Users With
History of 

Cardiovascular Disease
(n=8776) (%)

Black Rosiglitazone 
Users With
History of 

Cardiovascular Disease
(n=1471) (%)

Women 60.5 69.9 57.5 72.4

Age group (y)

  65–69 30.9 34.6 25.0 30.9

  70–74 26.2 27.8 24.6 27.5

  75–79 20.5 19.0 22.4 19.1

  80–84 13.4 10.8 16.8 12.6

  ≥ 85 8.9 7.7 11.2 9.9

Low personal income 34.8 60.7 45.5 72.2

SES index score by zip code [mean (SD)] 49.68 (4.0) 48.14 (3.8) 49.77 (3.8) 47.95 (3.5)

US Census division

  New England 5.4 2.3 5.7 1.7

  Middle Atlantic 14.9 18.6 15.6 16.0

  East North Central 14.9 11.6 16.0 14.6

  West North Central 8.7 2.4 9.5 2.4

  South Atlantic 19.5 34.8 17.8 34.1

  East South Central 8.8 13.9 9.1 12.6

  West South Central 10.9 11.2 11.6 13.4

  Mountain 6.2 0.9 4.3 0.6

  Pacific 10.7 4.1 10.3 4.5

History of cardiovascular disease 23.5 18.7 — —

Medication adherence

  High adherence MPR ≥ 1 43.8 38.0 41.5 36.4

  Low adherence MPR < 1 56.2 61.9 58.5 63.6

No. outpatient visits

  ≤ 2 59.5 64.7 30.0 33.7†

  > 2 40.5 35.3 69.9 67.2

Provider type

  Endocrinology/cardiology 5.0 3.9 6.4 6.2

  Other 94.9 96.1 93.6 93.8

Receipt of ≥ 1 non-TZD oral DM claim 
in preperiod

33.3 39.1 63.8 54.9

The SES index score is derived from zip code-level US Census variables based on the Agency for Healthcare Research and Quality’s 
specifications; higher SES values imply higher SES (US mean, 50). All numbers refer to percentages, with the exception of SES index score.

*
To compare baseline characteristics in both study samples among black and white enrollees, P-values were computed for dichotomous variables 

using the χ2 test and for continuous variables using the t test; except where italicized, all tests resulted in P-values < 0.000 or where designated 
with an

Med Care. Author manuscript; available in PMC 2016 April 01.
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†
the P-value was less than < 0.05.

DM indicates diabetes mellitus; MPR, medication possession ratio; non-TZD, a medication not in the thiazolidinedione class; SES, socioeconomic 
status; y, years.
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