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Abstract

High-quality health care not only includes timely access to effective new therapies but timely 

abandonment of therapies when they are found to be ineffective or unsafe. Little is known about 

changes in use of medications after they are shown to be ineffective or unsafe. In this study, we 

examine changes in use of two medications: fenofibrate, which was found to be ineffective when 

used with statins among patients with Type 2 diabetes (ACCORD lipid trial); and dronedarone, 

which was found to be unsafe in patients with permanent atrial fibrillation (PALLAS trial). We 

examine the patient and provider characteristics associated with a decline in use of these 

medications.

Using Medicare fee-for-service claims from 2008–2013, we identified two cohorts: patients with 

Type 2 diabetes using statins (7 million patient-quarters), and patients with permanent atrial 

fibrillation (83 thousand patient-quarters). We used interrupted time-series regression models to 

identify the patient-and provider-level characteristics associated with changes in medication use 

after new evidence emerged for each case. After new evidence of ineffectiveness emerged, 

fenofibrate use declined by 0.01 percentage points per quarter (95% CI −0.02 to −0.01) from a 

baseline of 6.9 percent of all diabetes patients receiving fenofibrate; dronedarone use declined by 

0.13 percentage points per quarter (95% CI −0.15 to −0.10) from a baseline of 3.8 percent of 

permanent atrial fibrillation patients receiving dronedarone. For dronedarone, use decline more 
quickly among patients dually-enrolled for Medicare and Medicaid compared to Medicare-
only patients (p<0.001), among patients seen by male providers compared to female 
providers (p=0.01), and among patients seen by cardiologists compared to primary care 

providers (p<0.001).

Keywords

de-adoption; physician behavior; disparities

INTRODUCTION

High-quality health care not only includes timely access to effective new therapies but 

timely abandonment of therapies when they are found to be ineffective or unsafe. Little is 

known, however, about how quickly use of ineffective or unsafe therapies declines. Patterns 

of reduction in use of ineffective or unsafe therapies may not mirror patterns of adoption of 

effective therapies, since populations that receive low levels of effective care may not be the 

same ones that receive high levels of ineffective or unsafe care (Van Bodegom-Vos, 

Davidoff, and Marang-van de Mheen 2016; Davidoff 2015; Ubel and Asch 2015). Reversals 

of medical evidence are common, so it is imperative to understand whether reversals lead to 
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disparities in ongoing use of unsafe or ineffective care, and the types of providers likely to 

respond to new evidence (Prasad et al. 2013).

Racial, socioeconomic and rural/urban disparities in use of effective health care treatments 

are well known, including differences in how quickly new therapies are adopted (Agency for 

Healthcare Research and Quality 2016; Groeneveld, Laufer, and Garber 2005b; Skinner et 

al. 2003; Weinstein et al. 2006). However, little evidence exists on whether disparities exist 

in how quickly use of unsafe or ineffective medical practices are reduced (Howard and Shen 

2014; Kozhimannil et al. 2017; Mohan et al. 2014; Niven, Rubenfeld, et al. 2015; Qato et al. 

2016). Several studies showed that in the Medicaid youth population, antidepressant use 

declined more among whites relative to blacks and Latinos in response to a Food and Drug 

Administration (FDA) black box warning on increased suicidal ideation (Carson et al. 2017; 

Cook et al. 2019; DePetris and Cook 2013).

There is mixed evidence about the role of provider characteristics in adoption and use of 

treatments, and even less is known about the provider characteristics associated with 

reductions in use of treatments (Karaca-Mandic, Town, and Wilcock 2016). Several studies 

pointed to provider age, specialty, and patient mix with varied findings (Bekelis et al. 2017; 

van Bodegom-Vos, Davidoff, and Marang-van de Mheen 2016; Cook et al. 2019; Howard, 

David, and Hockenberry 2017; Howard and Hockenberry 2019; Wallaert et al. 2016).

Using Medicare claims, we analyzed changes in use of two medications, fenofibrate and 

dronedarone, that were found ineffective and unsafe (respectively) after initially being 

approved by the FDA. We chose these two case studies for several reasons. First, the 

medications were found to be ineffective or unsafe in well-powered, randomized, double-

blind, placebo controlled landmark trials. Second, the medications were relevant for diseases 

with important public health impact and costs, and for which disparities in outcomes and 

treatment are well-documented. Third, we required the relevant study populations and 

medications to be identifiable from claims data.

Fenofibrate, approved in 2001 to lower cholesterol, was found in the 2010 ACCORD lipid 

trial to be ineffective in reducing major adverse cardiac events when used in combination 

with statins among patients with Type 2 diabetes (Ginsburg, Elam, and Lovato 2010). 

Dronedarone, an antiarrhythmic drug approved in 2009 as an alternative to amiodarone, was 

found in the 2011 PALLAS trial to be unsafe for patients with permanent atrial fibrillation 

(permanent AF) due to increased risk of heart failure, stroke, and death from cardiovascular 

events (Connolly et al. 2011). We examined changes in use of these medications by patient 

race/ethnicity, socioeconomic status (SES), and geographic region; and by provider sex, 

provider age, and provider specialty.

METHODS

Study Population

We used administrative claims data from a 20% random sample of Medicare fee-for-service 

(FFS) beneficiaries age 65 and older with at least 12 consecutive months of enrollment in 

Medicare Parts A, B, and D (Centers for Medicare and Medicaid Services 2014).
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For the fenofibrate case study, we constructed a cohort of patients with diabetes based on 

two or more outpatient claims or one or more inpatient claim for Type 2 Diabetes (DM2) 

over the previous two years relative to each index quarter from 2008 through 2013 

(Centers for Medicare and Medicaid Services 2014). We identified additional DM2 patients 

by flagging the use of medications commonly used to treat DM2, following the Health 

Effectiveness Data and Information Set (HEDIS) diabetes algorithm (Centers for Medicare 

and Medicaid Services 2014). We further restricted the cohort to those using statins in a 
given quarter, identified using pharmacy claims in the Part D files. The resulting analytic 
dataset was at the patient-quarter level. The cohort sample was dynamic, meaning 
patients could move in and out of the cohort over the course of the study period based 
on whether or not they met the DM2 and statin-use inclusion criteria in each quarter.

For the dronedarone case study, we similarly constructed a dynamic cohort of patients with 

permanent AF. We used the CMS Chronic Conditions Warehouse (CCW) to identify patients 

with AF between 2009 and 2013. The cohort was restricted to patients with permanent AF 

based on the presence of more than 20 AF claims (the 90th percentile of the distribution of 

AF claims in the past year across all AF beneficiaries during the study period) and no 

evidence of attempts to restore sinus rhythm in the past year. As a sensitivity analysis, we 

varied this claims threshold and found no changes to our findings. Detailed definitions for 

each cohort are provided in Supplemental Digital Content tables A1 and A2.

Primary Outcomes

The primary outcome for the diabetes cohort was a dichotomous indicator for concurrent 

statin and fenofibrate therapy in a given patient-quarter (the unit of analysis). The indicator 

was equal to one if the patient had a supply of a fibrate (fenofibrate, fenofibric acid, or 

gemfibrozil) during that quarter and zero otherwise. For the cohort of patients with 

permanent AF, dronedarone use was defined similarly in each patient-quarter.

Patient Characteristics

We analyzed differences in reduction in use according to three patient characteristics: race 

and ethnicity, SES, and rurality. For race and ethnicity, we created indicators for race/

ethnicity groups (non-Hispanic White, non-Hispanic Black, Hispanic, Asian, and other non-

Hispanic/non-White) using the Research Triangle Institute (RTI) race codes in the Medicare 

beneficiary file (Eicheldinger and Bonito 2008). For SES, we used AHRQ’s composite SES 

index for Medicare beneficiaries. This index aggregates seven census block measures related 

to SES, including measures of employment, income, wealth, education, and crowding 

(Agency for Healthcare Research and Quality n.d.). We created a low-SES indicator for 

patients living in zip codes in the bottom quartile of this index. As a second proxy for SES, 
we used an indicator for dual enrollment in Medicare and Medicaid. For rurality, we 

created an indicator for whether the patient lived in a non-metropolitan county (i.e, rural 

county), according to rural-urban continuum codes in the Area Health Resource File (United 

States Department of Agriculture Economic Research Service 2018).
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As additional covariates, patient age, sex, and comorbidities were taken from Medicare 

claims. We used comorbidities to construct a Charlson comorbidity index score for each 

patient (Stagg 2006).

Provider characteristics

We attributed each patient-year to a provider responsible for the patient’s care using a 

validated attribution algorithm based on the plurality of condition-specific Evaluation and 

Management visits in office settings, supplemented by medication refills (Higuera and 

Carlin 2017; Mehrotra et al. 2010; Pham et al. 2007). Details of the attribution algorithm are 
described in Supplemental Digital Content section A3.

To analyze changes in reduction use by provider characteristics, we obtained data on the 

attributed provider’s sex, age, and specialty from a comprehensive database assembled by 

Doximity that collects provider data from well-validated data sources such as the National 

Provider Identifier Registry and state medical boards. This database has been previously 

described and validated (Jena et al. 2015; Jena, Olenski, and Blumenthal 2016; Tsugawa et 

al. 2018). We created two dichotomous variables: an indicator for female providers and an 

indicator for providers age 65 or older. We identified the provider specialties representing at 

least five percent of patient-quarters in each cohort, and based on this created a categorical 

variable for specialty type: primary care (internal medicine, family practice, pediatrics, or 

nurse practitioner), cardiology, endocrinology (for the diabetes cohort only), and all other 

specialty types.

Statistical Analysis

The ACCORD lipid trial was published on April 29, 2010 and the PALLAS trial for 

permanent AF was published on November 14, 2011. The unit of analysis was patient-

calendar quarter. We estimated changes in the level and trend in the use of both medications 

after evidence introduction using standard interrupted time series analysis (Kontopantelis et 

al. 2015; Penfold and Zhang 2013; Wagner et al. 2002). We then interacted both the level 

and the trend changes with a dichotomous variable for the patient or provider characteristic 

of interest to assess differences in changes by group. In sensitivity analyses, we excluded 
data from the quarters in which the trials were published and one quarter afterwards 
to avoid possible anticipatory effects or effects due to uncertainty in evidence 
introduction (Supplemental Digital Content Table A5.1). All models adjusted for the other 

patient and provider characteristics; standard errors were clustered at the patient level. 

Supplemental Digital Content section A4 provides details of the statistical specification.

To assess whether the changes in level and trend in use of medications were affected by 

changes in patient population after the trial publication, we also estimated the same models 

on a subset of patients with qualifying diagnoses before trial evidence introduction 

(prevalent cohort).

All analyses were performed with SAS software, Version 9.4 (Copyright © 2002–2012 SAS 

Institute Inc.) and Stata 14.2 (StataCorp, College Station, TX). The study was deemed 

Smith et al. Page 5

Int J Health Econ Manag. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



exempt from review by the University of Minnesota Institutional Review Board because the 

data were de-identified.

RESULTS

Patient Cohort Characteristics

Among patients in the diabetes cohort, 7.1 million patient-quarters were analyzed during 

2008–2013 from 808,449 unique patients. Overall, 74.5% were non-Hispanic White; 9.7% 

were non-Hispanic Black; 9.3% were Hispanic; 5.0% were Asian; and 1.5% were other non-

Hispanic, non-White; 21.8% lived in a non-metropolitan county; and 29.8% lived in a 

socioeconomically disadvantaged zip code. Roughly 82.7% of patient-quarters were 

attributed to providers under the age of 65; 77.9% of attributed providers were male; 79.3% 

were primary care providers, 5.0% were cardiologists; and 7.0% were endocrinologists 

(Table I). The permanent AF cohort included 830 thousand patient-quarters during 2009–

2013 from 114,535 unique patients. Of these patients, 91.4% were non-Hispanic White; 

3.4% were non-Hispanic Black; 3.3% were Hispanic; 1.3% were Asian; and 0.6% were 

other non-Hispanic, non-White; 19.9% lived in a non-metropolitan county; and 19.9% lived 

in a socioeconomically disadvantaged zip code. Roughly 84.0% of patient-quarters were 

attributed to providers under the age of 65; 85.5% of attributed providers were male; 47.9% 

were primary care providers; and 47.2% were cardiologists (Table II).

Changes in Use over Time

Concurrent fenofibrate and statin therapy—In the nine quarters before the ACCORD 

trial showed fenofibrate-statin combination therapy to be ineffective, the proportion of statin 

users prescribed fenofibrates steadily increased, from 6.4% of patients to 6.9% (Table I). 

Following the 2010 publication, adjusted use of concurrent statin and fenofibrate therapy 

decreased by 0.01 percentage points per quarter [95% CI −0.02 to −0.01] from Q2 2010 

through Q4 2013. (Table III, Panel A and Figure I, Panel A).

Dronedarone—From dronedarone’s initial FDA approval, its use increased among 

permanent AF patients and reached a peak of 3.8% of patients in 2011 (Table II). Following 

the PALLAS trial published in November of 2011, adjusted dronedarone use decreased by 

0.13 percentage points per quarter (95% CI −0.15 to −0.10) from Q4 2011 through Q4 2013 

(Table III, Panel B and Figure I, Panel B).

Changes in Trends of Use by Race/Ethnicity, Socioeconomic Status and Rurality

Concurrent fenofibrate and statin therapy (Table III, Panel A)—Before the 

ACCORD lipid trial, fenofibrate gradually increased for all patient sub-groups (Non-

Hispanic White/Non-White, High/Low socio-economic status, Metropolitan/Non-

Metropolitan). Following trial publication, use declined modestly in each sub-group, with a 

statistically significant change in trend following the new evidence (Non-Hispanic White: 

−0.10 percentage points [95% CI −0.13 to −0.08]; Non-Hispanic Black: −0.06 percentage 

points [95% CI −0.10 to −0.03]; Hispanic: −0.12 [95% CI −0.19 to −0.06]; Asian: −0.18 
[95% CI −0.26 to −0.10]; other non-Hispanic, non-White: −0.24 [95% CI −0.39 to −0.08]; 

High-SES: −0.11 percentage points [95% CI −0.14 to −0.09] and Low-SES: −0.08 
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percentage points [95% CI −0.11 to −0.08]; Dual-enrolled: −0.11 [95% CI −0.15 to 
−0.08]; non-dual-enrolled: −0.08 [95% CI −0.11 to −0.06]; Metropolitan: −0.11 

percentage points per quarter [95% CI −0.13 to −0.08]; Non-Metropolitan: −0.11 percentage 

points per quarter [95% CI −0.14 to −0.05]). However, the change in trends did not differ 

significantly between the sub-groups (non-Hispanic Black/non-Hispanic White: P=0.05; 
Hispanic/non-Hispanic White: P=0.60; Asian/non-Hispanic White: P=0.10; Other non-

Hispanic, non-White/non-Hispanic White: P=0.08; socioeconomic status: P=0.09; dual 
eligibility: P=0.14; rurality: P=0.64).

Dronedarone (Table III, Panel B)—Use of dronedarone increased steadily before the 

PALLAS trial, and declined modestly after trial publication in each sub-group. The change 

in trends following trial publication was statistically significant within each group (Non-

Hispanic White: −0.59 percentage points [95% CI −0.63 to −0.55]; Non-Hispanic Black: 

−0.63 percentage points [95% CI −0.84 to −0.42]; Hispanic: −0.55 [95% CI −0.77 to −0.33]; 

Asian: −0.87 [95% CI −1.27 to −0.47]; other non-Hispanic, non-White: −0.69 [95% CI 

−1.21 to −0.18]; High-SES: −0.55 percentage points [95% CI −0.59 to − 0.50]; Low-SES: 

−0.53 percentage points [95% CI −0.63 to −0.44]; Dual-enrolled: −0.43 [95% CI −0.50 to 
−0.36]; non-dual-enrolled: −0.66 [95% CI −0.71 to −0.6]; Metropolitan: −0.60 percentage 

points [95% CI −0.64 to −0.55]; Non-Metropolitan: −0.58 percentage points [95% CI − 0.67 
to −0.49]). The change in trends was significantly larger for patients dually-enrolled in 
Medicare and Medicaid compared to non-dually enrolled patients (P<0.001). The 
change in trends was not different between any other two groups (P=0.72; P=0.73; 

P=0.09; P=0.39; P=0.69, P=0.74 for non-Hispanic Black, Hispanic, Asian, other non-

Hispanic non-White [each relative to non-Hispanic White], socioeconomic status, and 

rurality, respectively).

Additional analyses conducted on a subset of our study cohort using the drug before the trial 

was published (prevalent cohort) revealed similar results to those discussed above across all 

specifications (Supplemental Digital Content Table A5.2).

Changes in Trends of Use by Provider Characteristics

Concurrent fenofibrate and statin therapy (Table III, Panel A)—Before the 

ACCORD lipid trial, fenofibrate use increased very gradually, or remained constant, for 

patients attributed to each provider characteristic category (sex, age, and specialty). 

Following the trial’s publication, use declined modestly, with a statistically significant 

change in trend after the publication of new evidence among all provider categories except 

cardiologists, for whom there was no significant change in the trend (Male: −0.10 

percentage points [95% CI − 0.12 to −0.08] and Female: −0.12 percentage points [95% CI 

−0.17 to −0.08]; Under 65: −0.12 percentage points [95% CI −0.14 to −0.09] and 65+: −0.06 
percentage points [95% CI −0.10 to − 0.01]; Cardiologists: −0.03 percentage points [95% CI 

−0.15 to 0.09]; PCPs: −0.12 percentage points [95% CI −0.14 to −0.09]; Endocrinologists: 

−0.b percentage points [95% CI −0.40 to −0.18]; Other Specialists: −0.03 [95% CI −0.09 to 

−0.04]). There were no significant differences in the changes in trends by provider sex 

(P=0.29). Providers under 65 had a larger change in trend relative to providers age 
65+, but they also had a steeper positive trend before the evidence reversal. 
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Endocrinologists had a larger change in trend relative to PCPs (P=0.00), but PCPs had a 
larger change in trend relative to all other specialty types (P=0.02). There were no 

significant differences between PCPs and cardiologists (P=0.16).

Dronedarone (Table III, Panel B and Figure II)—Among all providers, use of 

dronedarone increased steadily prior to the PALLAS trial and declined after its publication. 

The change in trends following trial publication was statistically significant within each 

provider category (Male: −0.62 percentage points [95% CI − 0.66 to −0.57] and Female: 

−0.48 percentage points [95% CI −0.58 to −0.38]; Under 65: −.61 percentage points [95% 

CI −0.66 to −0.57] and 65+: −0.53 percentage points [95% CI −0.62 to − 0.44]; 

Cardiologists: −0.89 percentage points per quarter [95% CI −0.96 to −0.82]; PCPs: −0.34 
percentage points per quarter [95% CI −0.38 to −0.29]; Other Specialists: −0.35 [95% CI 

−0.48 to −0.21]). The change in trends was larger among male providers relative to female 

(P=0.01). There were no significant differences in the changes in trends by provider age 

group (P=0.10), but providers under age 65 did have a larger immediate level-shift at 
the time of the new evidence (Under 65: −1.73 percentage points [95% CI −1.91 to 
−1.54] and 65+: −1.29 percentage points [95% CI −1.64 to −0.95]; P=0.03). The change 

in trends was larger among cardiologists relative to PCPs (P<0.001), and cardiologists also 
had a larger immediate level-shift (Cardiologists: −2.47 percentage points per quarter 
[95% CI −2.77 to −2.18]; PCPs: − 0.94 percentage points per quarter [95% CI −1.12 to 
−0.76]; P<0.001). There was no significant difference between among non-cardiology 

specialists and PCPs (P=0.89) (Figure II).

DISCUSSION

The change in use of treatments in response to evidence about ineffectiveness or safety has 

received little attention in the clinical literature, and this is one of the first studies to analyze 

the patient and provider characteristics associated with changes in use (Bekelis et al. 2017). 

In a national random sample of Medicare FFS beneficiaries, we found that the use of two 

medications that were ultimately found to be ineffective or unsafe – fenofibrate and 

dronedarone – decreased after evidence emerged about their ineffectiveness or lack of safety. 

Reduction in use of fenofibrate was overall very modest. The most notable differences by 

patient and provider characteristics were found in the reduction of dronedarone, according to 

patients’ dual enrollment status, provider sex, and provider specialty. Specifically, 

dronedarone was de-adopted faster among patients not dually-enrolled in Medicare and 

Medicaid compared to patients dually-enrolled, among patients seen by male providers 

compared to female, and among patients treated by cardiologists compared to PCPs.

Our findings suggest that reductions in use may vary significantly depending on the type of 

medication, and whether new evidence found the medication to be ineffective versus unsafe. 

We found overall very modest reduction in use of fenofibrates (found to be ineffective), but 

more significant reductions in use of dronedarone (found to be unsafe). We did not find 

evidence of disparities according to patient race or ethnicity, inconsistent with prior case 

studies in de-adoption (Carson et al. 2017; Cook et al. 2019; DePetris and Cook 2013). 

However, we did find that patients dually-enrolled for Medicare and Medicaid experienced 

slower reductions in use of the dronedarone, suggesting there may be socioeconomic 
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disparities – consistent with prior work (Qato et al. 2016). Our most notable finding was that 

reduction in use of dronedarone was faster among cardiologists, the specialty most 

commonly treating patients with permanent AF. This suggests cardiologists had more 

information about the new evidence – perhaps disseminated to them through a specialty 

association – and/or were more likely to act on new information compared to PCPs. 

Cardiologists also had the highest adoption rates before the Black Box warning, consistent 

with them being more responsive to new information.

Identifying the characteristics driving reduction in use is critical for several reasons. First, 

understanding how information regarding the effectiveness and/or safety of existing 

practices affects clinical practice contributes to a better understanding of how the health care 

system can address safety and outcomes disparities. Second, identifying patient and provider 

characteristics associated with faster or slower response to clinical evidence may inform 

policy and organizational strategies to promote timely and equitable reduction in use (Niven, 

Mrklas, et al. 2015). Third, disparities in care may relate to where patients receive care; a 

growing literature finds care for minority and lower socioeconomic status patients may be 

clustered among providers and facilities of lower quality and weaker credentials (Anderson 

et al. 2014; Bach et al. 2004; Barnato et al. 2005; Girotti et al. 2014; Groeneveld, Laufer, 

and Garber 2005a; Khera et al. 2015; Reschovsky and O’Malley 2008; Rhoads et al. 2015; 

Rothenberg et al. 2004; Tsai, Orav, and Joynt 2014). Documenting differences in response to 

evidence on ineffectiveness and safety could improve our understanding of whether racial 

and ethnic minorities and lower socioeconomic status patients are clustered among a group 

of lower quality providers and facilities, and how this may contribute to disparities.

Our study had several limitations. First, this was a retrospective, observational study using 

administrative data; our findings reflect associations, not causal relationships. Second, 

patient populations were identified using diagnoses codes and medication use in 

administrative claims, which may not match a gold-standard population definition. Third, 

our analysis was limited to Medicare FFS beneficiaries – an important population with a 

high burden of morbidity and mortality – but the findings may not be the same in other 

groups. Finally, other factors – such as medication costs, patient preferences, and providers’ 

clinical assessments of the treatment effectiveness for patients – likely influence use of 

medications, and we are unable to adjust for these factors.

Future work should consider other medications and other patient populations, including 

Medicare Advantage beneficiaries and commercially insured patients. Further, while this 

study focuses on differences based on patient and provider characteristics, future research 
should investigate other potential mechanisms that may affect changes in use of medications 

in response to evidence. Other potential mechanisms include the role of specialty 
organizations, pharmaceutical sales representatives, and continuing medical education 
in disseminating information to providers; health care delivery organization factors; and 

market-level factors. In summary, after evidence emerged about medications being 

ineffective or harmful, we found use of the ineffective medication declined very modestly 

among Medicare patients, and we found no evidence of racial or ethnic, socioeconomic, 
or rural/urban disparities in reductions in use. Use of the unsafe medication declined 
more substantially, but there was some evidence of differences in de-adoption 
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according to patient socioeconomic status, provider sex, and provider specialty. These 
results suggest de-adoption may look different on a case-by-case basis, and more work 

is needed to promote timely reduction in use of ineffective and unsafe medications for all 
patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure I: Adjusted use of fenofibrates and dronedarone before and after new evidence
Panel A: Adjusted use of fenofibrates, 2008–2013

Panel B: Adjusted use of dronedarone, 2009–2013

Notes: Estimates represent fitted values from multivariate regression models that adjust for 

patient race/ethnicity, SES, rurality, age, sex, and Charlson comorbidity index, and for 

provider age, sex, and specialty. The vertical lines indicate when the de-adoption evidence 

was introduced (April 2010 for fenofibrates and November 2011 for dronedarone).
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Figure II: Adjusted use of Dronedarone by provider characteristics, 2009–2013
Notes: Estimates represent fitted values from multivariate regression models that adjust for 

patient race/ethnicity, SES, rurality, age, sex, and Charlson comorbidity index, and for 

provider age, sex, and specialty. The vertical lines indicate when the de-adoption evidence 

was introduced (November 2011).
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Table I:

Type 2 Diabetes (DM2) Cohort Descriptive Statistics, 2008–2013 (N=7,081,113)

Number bene-quarters (in millions) Percent

PATIENT CHARACTERISTICS

Age Group

    65–74 3.37 47.6

    75–84 2.73 38.6

    85+ 0.97 13.8

Sex

    Male 2.90 41.0

    Female 4.18 59.0

Non-white race/ethnicity 1.81 25.5

    Black 0.69 9.7

    Asian 0.35 5.0

    Hispanic 0.66 9.3

    Other non-Hispanic, non-white 0.11 1.5

Lives in socioeconomically disadvantaged zip code 2.11 29.8

Dually Eligible for Medicare & Medicaid 2.46 34.8

Lives in non-metropolitan county 1.54 21.8

Prescribed statins only 6.60 93.2

Prescribed statins & fibrates concurrently 0.48 6.8

Mean (Standard Deviation)

Charlson comorbidity score 1.64 (2.00)

PROVIDER CHARACTERISTICS

Provider age group

    Under 65 5.85 82.7

    65 or older 1.23 17.3

Provider sex

    Male 5.52 77.9

    Female 1.56 22.1

Provider Specialty

    Primary Care 5.62 79.3

    Cardiology 0.35 5.0

    Endocrinology 0.50 7.0

    All other specialties 0.62 8.7

FIBRATE USE

All years 0.48 6.8

2008 0.04 6.4

2009 0.07 6.5

2010 0.08 6.9
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Number bene-quarters (in millions) Percent

2011 0.09 6.9

2012 0.10 6.8

2013 0.10 6.8
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Table II:

Permanent Atrial Fibrillation Cohort Descriptive Statistics, 2009–2013 (N=830,392)

Number bene-quarters (in millions) Percent

PATIENT CHARACTERISTICS

Age group

    65–74 0.19 23.0

    75–84 0.37 44.9

    85+ 0.27 32.1

Sex

    Male 0.32 38.1

    Female 0.51 61.9

Non-white race/ethnicity 0.07 8.6

    Black 0.03 3.4

    Asian 0.01 1.3

    Hispanic 0.03 3.3

    Other non-Hispanic, non-white <0.01 0.6

Lives in socioeconomically disadvantaged zip code 0.16 19.9

Dually Eligible for Medicare & Medicaid 0.21 25.0

Lives in non-metropolitan county 0.17 19.9

Mean (Standard Deviation)

Charlson comorbidity score 1.97 (2.19)

PROVIDER CHARACTERISTICS

Provider age group

    Under 65 0.70 84.0

    65 or older 0.13 16.0

Provider sex

    Male 0.71 85.5

    Female 0.12 14.5

Provider Specialty

    Primary Care 0.40 47.9

    Cardiology 0.39 47.2

    All other specialties 0.41 4.9

DRONEDARONE USE

All years 0.021 2.5

2009 0.000 0.0

2010 0.005 3.0

2011 0.006 3.8

2012 0.005 2.9

2013 0.005 2.5
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Table III:

Trends in adjusted rates of fenofibrate and dronedarone use before and after evidence introduction, by patient 

and provider characteristics

Panel A: Concurrent fenofibrate and statin therapy

Before After After-Before (Change in 
Trends)

After-Before (Change in 
Level)

All patients in the cohort 0.09 (0.07, 0.11) −0.01 (−0.02, −0.01) −0.10 (−0.12, −0.08) 0.10 (0.03, 0.18)

Patient Characteristics

Non-Hispanic White 0.09 (0.07, 0.11) −0.01 (−0.02, −0.00) −0.10 (−0.13, −0.08) 0.06 (−0.03, 0.16)

Non-Hispanic Black 0.06 (0.03, 0.08) −0.01 (−0.02, −0.01) −0.06 (−0.10, −0.03) 0.03 (−0.11, 0.17)

Diff. P-value 0.054 0.38 0.05 0.69

Non-Hispanic White 0.09 (0.07, 0.11) −0.01 (−0.02, −0.00) −0.10 (−0.13, −0.08) 0.06 (−0.03, 0.16)

Asian 0.17 (0.10, 0.24) −0.01 (−0.04, 0.02) −0.18 (−0.26, −0.10) 0.04 (−0.30, 0.38)

Diff. P-value 0.05 0.89 0.10 0.92

Non-Hispanic White 0.09 (0.07, 0.11) −0.01 (−0.02, −0.00) −0.10 (−0.13, −0.08) 0.10 (0.02, 0.17)

Other non-Hispanic, non-white 0.17 (0.04, 0.31) −0.07 (−0.12, −0.01) −0.24 (−0.39, −0.08) −0.13 (−0.77, 0.52)

Diff. P-value 0.20 0.10 0.08 0.50

Non-Hispanic White 0.09 (0.07, 0.11) −0.01 (−0.02, −0.00) −0.10 (−0.13, −0.08) 0.06 (−0.03, 0.15)

Hispanic 0.11 (0.06, 0.16) −0.01 (−0.04, 0.01) −0.12 (−0.19, −0.06) 0.31, (0.05, 0.57)

Diff. P-value 0.50 0.90 0.60 0.07

High socioeconomic status 0.09 (0.07, 0.11) −0.02 (−0.03, −0.01) −0.11 (−0.14, −0.09) 0.09 (−0.00, 0.18)

Low socioeconomic status 0.08 (0.05, 0.11) 0.00 (−0.01, 0.02) −0.08 (−0.11, −0.04) 0.13 (−0.01, 0.27)

Diff. P-value 0.38 0.01 0.09 0.65

Non-Dual eligible patients 0.08 (0.06, 0.10) −0.01 (−0.01, 0.01) −0.08 (−0.11, −0.06) 0.09 (−0.01, 0.19)

Dual eligible patients 0.09 (0.06, 0.12) −0.02 (−0.03, −0.01) −0.11 (−0.15, −0.08) 0.13 (0.00, 0.26)

Diff. P-value 0.43 0.04 0.14 0.61

Metropolitan 0.09 (0.07, 0.11) −0.02 (−0.03, −0.01) −0.11 (−0.13, −0.08) 0.10 (0.02, 0.19)

Non-Metropolitan 0.09 (0.05, 0.13) −0.01 (−0.02, 0.01) −0.09 (−0.14, −0.05) 0.10 (−0.01, 0.27)

Diff. P-value 0.93 0.31 0.64 1.00

Provider Characteristics

Male provider 0.09 (0.07, 0.11) −0.01 (−0.02, 0.00) −0.10 (−0.12, −0.08) 0.09 (−0.00, 0.18)

Female provider 0.09 (0.05, 0.13) −0.04 (−0.05, −0.02) −0.12 (−0.17, −0.08) 0.16 (−0.17, 0.33)

Diff. P-value 0.94 0.01 0.29 0.48

Provider under 65 0.10 (0.08, 0.12) −0.01 (−0.02, −0.01) −0.12 (−0.14, −0.09) 0.07 (−0.02, 0.16)

Provider 65 or over 0.04 (0.01, 0.08) −0.02 (−0.03, 0.00) −0.06 (−0.10, −0.01) 0.22 (0.05, 0.39)

Diff. P-value 0.003 0.89 0.02 0.15

Cardiologist 0.00 (−0.11, 0.11) −0.03 (−0.07, 0.01) −0.03 (−0.15, 0.09) 0.10 (−0.31, 0.51)
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Panel A: Concurrent fenofibrate and statin therapy

Before After After-Before (Change in 
Trends)

After-Before (Change in 
Level)

Primary care provider 0.10 (0.08, 0.12) −0.02 (−0.03, −0.01) −0.12 (−0.14, −0.09) 0.10 (0.02, 0.19)

Diff. P-value 0.08 0.49 0.16 0.98

Endocrinologist 0.23 (0.13, 0.32) −0.06 (−0.11, −0.01) −0.29 (−0.40, −0.18) 0.21 (0.85, 2.65)

Primary care provider 0.10 (0.08, 0.12) −0.02 (−0.03, −0.01) −0.12 (−0.14, −0.09) 0.10 (0.02, 0.19)

Diff. P-value 0.01 0.06 0.00 0.65

Other specialty types 0.05 (−0.01, 0.10) 0.02 (−0.01, 0.05) −0.03 (−0.09, 0.04) 0.02 (−0.26, 0.30)

Primary care provider 0.10 (0.08, 0.12) −0.02 (−0.03, −0.01) −0.12 (−0.14, −0.09) 0.10 (0.02, 0.19)

Diff. P-value 0.09 0.01 0.02 0.60

Panel B: Dronedarone

Before After After-Before (Change in 
Trends)

After-Before (Change in 
Level)

All patients in the cohort 0.47 (0.45, 0.49) −0.13 (−0.15, −0.10) −0.59 (−0.64, −0.55) −1.64 (−1.80, −1.48)

Patient Characteristics

Non-Hispanic White 0.47 (0.45, 0.49) −0.12 (−0.15, −0.09) −0.59 (−0.63, −0.55) −1.64 (−1.81, −1.48)

Non-Hispanic Black 0.43 (0.32, 0.54) −0.20 (−0.33, −0.06) −0.63 (−0.84, −0.42) −1.33 (−2.14, −0.52)

Diff. P-value 0.51 0.27 0.72 0.46

Non-Hispanic White 0.47 (0.45, 0.49) −0.12 (−0.15, −0.09) −0.59 (−0.63, −0.55) −1.64 (−1.81, −1.48)

Asian 0.63 (0.43, 0.83) −0.28 (−0.51, −0.06) −0.91 (−1.29, −0.54) −2.68 (−4.23, −1.14)

Diff. P-value 0.13 0.15 0.09 0.19

Non-Hispanic White 0.47 (0.45, 0.49) −0.12 (−0.15, −0.10) −0.59 (−0.63, −0.55) −1.64 (−1.79, −1.48)

Other non-Hispanic, non-white 0.55 (0.28, 0.83) −0.25 (−0.54, 0.05) −0.80 (−1.28, −0.33) −2.24 (−4.43, −0.05)

Diff. P-value 0.55 0.41 0.39 0.59

Non-Hispanic White 0.47 (0.45, 0.49) −0.12 (−0.15, −0.09) −0.59 (−0.63, −0.55) −1.64 (−1.81, −1.48)

Hispanic 0.42 (0.31, 0.53) −0.13 (−0.28, 0.01) −0.55 (−0.77, −0.33) −1.33 (−2.18, −0.48)

Diff. P-value 0.35 0.86 0.73 0.48

High socioeconomic status 0.47 (0.45, 0.50) −0.13 (−0.16, −0.10) −0.60 (−0.65, −0.55) −1.64 (−1.82, −1.47)

Low socioeconomic status 0.46 (0.42, 0.51) −0.11 (−0.17, −0.05) −0.58 (−0.67, −0.49) −1.63 (−1.99, −1.26)

Diff. P-value 0.76 0.71 0.69 0.94

Non-Dual eligible patients 0.51 (0.48, 0.54) −0.15 (−0.18, −0.11) −0.66 (−0.71, −0.61) −1.69 (−1.88, −1.50)

Dual-eligible patients 0.36 (0.32, 0.39) −0.08 (−0.12, −0.03) −0.43 (−0.50, −0.36) −1.49 (−1.77, −1.22)

Diff. P-value P<0.001 0.02 P<0.001 0.25

Metropolitan 0.47 (0.45, 0.50) −0.12 (−0.16, −0.09) −0.60 (−0.64, −0.55) −1.62 (−0.12, −1.44)

Non-Metropolitan 0.46 (0.41, 0.50) −0.13 (−0.18, −0.07) −0.58 (−0.67, −0.49) −1.73 (−2.07, −1.38)

Diff. P-value 0.49 0.98 0.74 0.59

Provider Characteristics

Int J Health Econ Manag. Author manuscript; available in PMC 2021 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Smith et al. Page 22

Panel A: Concurrent fenofibrate and statin therapy

Before After After-Before (Change in 
Trends)

After-Before (Change in 
Level)

Male provider 0.49 (0.46, 0.51) −0.13 (−0.16, −0.10) −0.62 (−0.66, −0.57) −1.70 (−1.87, −1.52)

Female provider 0.38 (0.33, 0.43) −0.10 (−0.17, −0.03) −0.48 (−0.58, −0.38) −1.31 (−1.69, −0.92)

Diff. P-value P<0.001 0.42 0.01 0.07

Provider under 65 0.49 (0.46, 0.51) −0.13 (−0.16, −0.10) −0.61 (−0.66, −0.57) −1.73 (−1.91, −1.54)

Provider 65 or over 0.40 (0.36, 0.45) −0.13 (−0.18, −0.06) −0.53 (−0.62, −0.44) −1.29 (−1.64, −0.95)

Diff. P-value 0.001 0.97 0.10 0.03

Cardiologist 0.70 (0.66, 0.73) −0.19 (−0.24, −0.15) −0.89 (−0.96, −0.82) −2.47 (−2.77, −2.18)

Primary care provider 0.28 (0.25, 0.30) −0.06 (−0.09, −0.03) −0.34 (−0.38, −0.29) −0.94 (−1.12, −0.76)

Diff. P-value P<0.001 P<0.001 P<0.001 P<0.001

Other specialty types 0.26 (0.19, 0.33) −0.09 (−0.18, −0.01) −0.35 (−0.48, −0.21) −0.83 (−1.44, −0.22)

Primary care provider 0.28 (0.25, 0.30) −0.06 (−0.09, −0.03) −0.34 (−0.38, −0.29) −0.94 (−1.12, −0.76)

Diff. P-value 0.68 0.61 0.89 0.73

Notes: Estimates represent linear time trends in the proportion of patient-quarters in the diabetes/permanent AF cohorts using fenofibrates/
dronedarone. 95% confidence intervals reported in parentheses. Models adjusted for patient characteristics (race/ethnicity, SES, rurality, age, sex, 
and Charlson comorbidity index) and provider characteristics (provider age, sex, and specialty). All models were estimated using multivariate linear 
regression. The “Diff. P-value” rows provide p-values for a test that the time trends or level differences are different for the two patient subgroups. 
For Panel A, “Before” refers to Q1 2008-Q1 2009, prior to evidence from the ACCORD trial on April 29, 2010 declaring fenofibrate-statin 
combination therapy to be ineffective, and “After” refers to Q2 2010-Q4 2013. For Panel B, “Before” refers to Q1 2009-Q3 2011, prior to evidence 
from the PALLAS trial on November 14, 2011 declaring dronedarone to be unsafe, and “After” refers to Q4 2012-Q4 2013.

Int J Health Econ Manag. Author manuscript; available in PMC 2021 September 01.


	Abstract
	INTRODUCTION
	METHODS
	Study Population
	Primary Outcomes
	Patient Characteristics
	Provider characteristics
	Statistical Analysis

	RESULTS
	Patient Cohort Characteristics
	Changes in Use over Time
	Concurrent fenofibrate and statin therapy
	Dronedarone

	Changes in Trends of Use by Race/Ethnicity, Socioeconomic Status and Rurality
	Concurrent fenofibrate and statin therapy (Table III, Panel A)
	Dronedarone (Table III, Panel B)

	Changes in Trends of Use by Provider Characteristics
	Concurrent fenofibrate and statin therapy (Table III, Panel A)
	Dronedarone (Table III, Panel B and Figure II)


	DISCUSSION
	References
	Figure I:
	Figure II:
	Table I:
	Table II:
	Table III:

