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STUDY METHODOLOGY AND INTERVENTION 

In this section we describe the intervention for prescribers of quetiapine in full detail. We review 

the methodology by which the prescribers were identified and the mailings that prescribers in 

each group were sent. 

Identification of Prescribers and Randomization 

We conducted an analysis to identify outlier prescribers of quetiapine in the Medicare Part D 

event file for each of two time periods, calendar year 2013 (called universe 1) and calendar year 

2014 (called universe 2). We define quetiapine prescriptions as prescriptions for branded 

Seroquel, Seroquel XR, or generic quetiapine. 

First, for each universe, all general-care prescribers (which includes General Practitioners, 

Family Practitioners, and Internal Medicine practitioners; practitioners with a secondary or 

tertiary specialty of Psychiatry were excluded) with at least 10 quetiapine prescription drug 

events (PDEs, or records in the Part D events file that are generated whenever patients fill 

prescriptions) were identified. Prescriptions filled through long-term care pharmacies and filled 

to beneficiaries residing in institutional settings were then removed. This category of fills was 

included in all data collected to analyze the intervention, however. 

Prescribers were then grouped by state (e.g. a prescriber’s peer group was other prescribers in 

his/her state) and two outlier thresholds were calculated for each group. In order to be considered 

an outlier, the prescriber had to pass both thresholds. 

The first threshold was with respect to quetiapine prescription drug treatments, or PDT. A 

quetiapine PDT rolls up all the PDE for a given prescriber-beneficiary-day into one treatment; 

multiple PDE delivered to a beneficiary from one prescriber on the same day only count as one 

PDT. The threshold was set equal to the 75th percentile for prescribers within the state plus 0.25 

times the interquartile range (called the Tukey method; see Tukey, 1977). 

The second threshold was with respect to quetiapine 30-day equivalent PDTs – the total “days 

supply” of each PDT (which equals the maximum “days supply” of the PDEs included in the 

PDT), divided by 30. The threshold for 30-day equivalents was set by the same Tukey method. 

When this analysis was conducted using PDT and 30-day equivalent PDT from universe 1, 7,349 

outlier prescribers were identified. When it was conducted using records from universe 2, 7,614 

outlier prescribers were identified. 5,056 prescribers were outliers in both years; one prescriber 

had died by March 1, 2015 and was removed from the analysis. The remaining 5,055 prescribers 

became the study sample. 

On March 13, 2015 we randomly allocated each of the 5,055 prescribers to a treatment or control 

group. Randomization was performed in Stata with a pre-specified re-randomization procedure 

to reject samples with large imbalances in covariates between treatment and control groups. We 

did not stratify the sample when randomizing. 

The re-randomization procedure was as follows: 
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1. Random values are generated. Prescribers with values below the median are assigned to 

control. All others assigned to treatment. 

2. We test covariate balance for a set of covariates using MANOVA, equivalent to the 

Mahalanobis distance (recommended in Lock Morgan and Rubin 2012). This is very 

similar to regressing each covariate on treatment indicator, then jointly testing all the 

coefficients on the treatment indicators. The covariates are: 

a. PDT Count, 2014 

b. PDT Count, 2013 

c. 30-Day PDT Count, 2014 

d. 30-Day PDT Count, 2013 

e. $ Paid for quetiapine, 2014 

f. $ Paid for quetiapine, 2013 

g. Indicator for Census Northeast (CT, ME, MA, NH, RI, VT, NJ, NY, PA) 

h. Indicator for Census Midwest (IL, IN, MI, OH, WI, IA, KS, MN, MO, NE, ND, 

SD) 

i. Indicator for Census West (AZ, CO, ID, MT, NV, NM, UT, WY, AK, CA, HI, 

OR, WA) 

Note: reference category is Census South. We included Puerto Rico in this 

category. 

j. Indicator for found in Medicare Part D program integrity contractor’s tracking 

database 

k. Indicator for found in CMS Fraud Investigation Database (FID) 

l. Indicator for found in CMS Compromised Numbers Checklist (CNC) 

m. Indicator for enrolled in Medicare according to Provider Enrollment, Chain and 

Ownership System (PECOS) database 

n. Indicator for found in Schedule II outlier prescriber study (see Sacarny et. al., 

2016) 

3. If the p-value of the F test is < 0.4, return to step 2. Otherwise accept the randomization. 

The first run of randomization passed the balance test so no re-randomization was conducted. 

2,527 prescribers were allocated to the treatment group and 2,528 were allocated to the control 

group. Summary statistics about the prescribers derived from the pre-intervention data we used 

are shown in Table P1. 

Intervention 

The intervention involved one placebo letter for the control group and an initial letter and 2 

followup letters for the treatment group. The role of the placebo letter was to observe letters 

returned to sender in the full study sample so that CMS could verify the accuracy of addresses 

for the prescribers. An additional notice was also sent to the control group. Prescriber addresses 

were drawn from the CMS PECOS and National Plan and Provider Enumeration System 

(NPPES) files. With permission of the institutional review boards overseeing the study, the 

intervention messages did not state that they were sent as part of a study (and participants were 

not otherwise notified of the study) to avoid contaminating the research design. 
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Control Group Intervention 

On April 20, 2015, the control group was sent a letter describing a new Medicare regulation that 

would require health care providers to enroll in Medicare in order to write prescriptions in 

Medicare Part D (see Attachment 1). The letter also included a “Medicare Learning Network” 

attachment (MLN Matters Number SE1434) describing the regulation. This mailing did not 

mention the prescriber’s outlier quetiapine prescribing. 

CMS was in the process of delaying the new regulation, and also found that some prescribers 

who received the letter had questions about their enrollment status. To clarify these points, the 

placebo group was sent a mailing during the week of June 8, 2015 (dated June 10, see 

Attachment 2). The mailing did not mention the prescriber’s outlier quetiapine prescribing. 

Treatment Group Intervention 

On April 20, 2015, the treatment group was sent a letter indicating that they were under review 

by CMS for their quetiapine prescribing. The letter is included in Attachment 3. 

CMS then collected letters that were returned to sender. By July 1, 2015, 324 letters had been 

returned to CMS. 159 of these prescribers were in the treatment group. Their addresses were 

resolved and they were re-sent the initial letter (with refreshed data in the letter and a new date 

stamp) on July 9, 2015. The control group prescribers with returned correspondence were not re-

sent the placebo letter. 

In letters dated August 31, the treatment group prescribers were sent a followup letter updating 

them on their prescribing of quetiapine in 2015 using prescribing records as of June 2015 

(Attachment 4). Two of the treatment group prescribers had died by this time and they were not 

contacted. Prescribers with 2015 quetiapine volumes below their peers or with no quetiapine 

prescribing in 2015 were sent a similar letter with a modified message that acknowledged this 

fact. Prescribers who had changed their taxonomy code received a letter with an additional 

paragraph acknowledging the change. 

A second followup was sent to treatment prescribers in October. This followup was an updated 

version of the August letter, dated October 20, 2015. The letter was identical to the first 

followup, with the only changes being to the dates listed in the letter and that the data in it 

reflected prescribing through September 2015. 
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ANALYSIS PLAN AND EXTENDED RESULTS 

In this section, we present the full results of the study following the pre-specified analysis plan 

that was archived on March 5, 2016, prior to unblinding to post-intervention data.1 The contents 

of this section are based on, and in some cases incorporate, the text of the original analysis plan. 

We note all ex-post clarifications and modifications to the analysis plan. 

The goal of this study is to understand the effects of the letters on both prescribers and patients. 

The primary outcome of the study is the effect of the letters on the prescribing of quetiapine over 

the 9 months following the initial sending of the letters. Prescribing is defined as the total days 

supply of quetiapine attributed to the prescriber (defined as Seroquel, Seroquel XR, and generic 

quetiapine). For the primary outcome, we define the outcome as days supply of prescription drug 

treatments (PDT): one treatment refers to one or more prescription fills attributed to one 

prescriber and one patient on a given day. Multiple quetiapine fills from the prescriber to the 

patient on that day do not count as additional treatments. The days supply adjustment counts the 

treatment with the greatest “days supply” listed on the included fills – a treatment with a 30 day 

supply counts as 30, while a treatment with a 15 day supply counts as 15.2 

We consider additional outcomes as well. Through these additional analyses, we explore a broad 

set of the effects of the letters on prescribing and prescription drug receipt. Additional analysis 

for prescribers includes explorations of effects on new vs. old prescriptions, effects on the types 

of patients receiving prescriptions, effect heterogeneity, quantile treatment effects, and 

substitution toward other substances. We also conduct analyses looking at a cohort of patients 

who were treated by the prescribers in the year prior to the sending of the letters. As described in 

the text, we assign these patients to treatment and control groups based on whether their 

attributed prescriber was a treatment or control prescriber and study the receipt of quetiapine by 

patients, heterogeneity in treatment effects, and substitution toward other substances. We also 

study impacts on health care utilization. 

We observe the behavior of prescribers and outcomes of patients through our access to the CMS 

Integrated Data Repository (IDR), the database used by Medicare and its program integrity 

contractors to detect and stop fraud, waste, and abuse. The IDR includes beneficiary enrollment 

information, risk-adjustment information, Medicare Part A and B claims, Medicare Part C 

encounter data, and Medicare Part D prescription drug events. This study uses enrollment 

information, risk-adjustment information, and Part D event data. 

Statistical Approach 

The physician level regressions are of the form: 

                                                 
1 The original analysis plan can be accessed from the study’s AEA RCT registry page, 

https://www.socialscienceregistry.org/trials/729 
2 The original analysis plan defined the primary outcome as 30 day equivalent PDT rather than 

days supply of PDT; this approach was also used in the initial analysis to identify and randomize 

the prescribers. The days supply metric is the 30 day equivalent metric multiplied by 30. In the 

main text and this supplement, for ease of exposition, we use the days supply metric. 

https://www.socialscienceregistry.org/trials/729
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𝑦𝑖 = 𝛼 + 𝛽 ∗ 𝑡𝑟𝑒𝑎𝑡𝑖 + 𝑋𝑖Γ + 𝑒𝑖 

Where 𝑖 indexes physicians, 𝑦𝑖 is the outcome (e.g. number of prescriptions), 𝑡𝑟𝑒𝑎𝑡𝑖 is an 

indicator for physician 𝑖 being in the treatment group, and 𝑋𝑖 is the set of physician controls. 𝛽, 

the effect of the treatment on the outcome, is the coefficient of interest. The standard errors for 

these regressions are heteroscedasticity-robust. 

The patient level regressions are of the form: 

𝑦𝑗 = 𝛼 + 𝛽 ∗ 𝑡𝑟𝑒𝑎𝑡𝑖(𝑗) + 𝑋𝑖(𝑗)Γ + 𝑍𝑗Θ + 𝑒𝑗 

Where 𝑗 indexes patients, 𝑖(𝑗) is patient 𝑗’s baseline physician, 𝑦𝑗 is the outcome (e.g. 

prescriptions filled by the patient), 𝑡𝑟𝑒𝑎𝑡𝑖(𝑗) is an indicator for the patient’s physician being in 

the treatment group, 𝑋𝑖 is the set of controls for characteristics of the patient’s baseline 

physician, and 𝑍𝑗 is the set of controls for characteristics about the patient. 𝛽, the effect of the 

treatment on the outcome, is the coefficient of interest. Standard errors are clustered at the level 

of the baseline physician in all patient-level regressions to allow intra-physician correlations in 

the disturbance term. 

Regression Control Variables 

Since the treatment was assigned at random, the regressions produce valid estimates of the 

coefficients of interest even without controls. However, controls can raise power by reducing the 

variance of the regression error term. The analysis plan listed three specifications, with the 

baseline specification (reported in main tables) the one with the richest set of controls: 

1. No control variables. This specification will yield the difference in means between the 

treatment and control arms. 

2. Lagged outcome controls. The regression controls for the outcome measure in the time 

period before the letters were sent. That is, if the outcome is quetiapine treatments over 3 

months, the control is quetiapine treatments in the 3 months before the letters were sent. 

In the patient level specifications, we include the lagged value of the physician outcome 

as well. 

3. Lagged outcome controls + additional controls (baseline specification). The 

regression includes the controls of the second specification plus more information about 

the prescriber (and, when applicable, the patient). 

Because our sample of claims began in 2013, lagged outcomes at durations longer than 1 year 

could not be constructed for all outcomes (some outcomes, like lookback-based new prescribing, 

require an additional prior year of data). As a result, for specifications 2 and 3 and outcome 

durations longer than 1 year, we use the 1 year lagged outcome.  

For specification 3, we defined the additional controls before running the regressions. We used 

the following additional physician controls, which were collected in advance of the intervention 

going into the field: 

• 30-Day equivalent treatments (days supply divided by 30) in 2013 
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• 30-Day equivalent treatments (days supply divided by 30) in 2014 

• Indicator for entry in the CMS Fraud Investigation Database 

• Indicator for entry in the Medicare Part D integrity contractor’s tracking database 

• Indicator for entry in the Compromised Number Checklist 

• Indicator for enrollment in Medicare (PECOS) 

For patient-level regressions, we additionally included the physician controls and the following 

patient controls: 

• Age/Race/Sex interactions (age at intervention start in 5-year categories with the first 

category age<40 and the last category age>=90; race as white/nonwhite, and sex as 

female/not female) 

• Indicator for being institutionalized in a long-term care facility in March 2015 

• Indicators for a history of the following conditions using Medicare Part D risk-adjustment 

data based on 2013 and 2014 diagnosis codes. These codes were submitted by Medicare 

Advantage plans (for Medicare Advantage enrollees) or were collected in Medicare Part 

A and B claims (for Original Medicare enrollees). We provide the CMS RxHCC category 

we used in parentheses: 

o Alzheimer’s (RxHCC 54) 

o Dementia (RxHCC 55) 

o Schizophrenia (RxHCC 58) 

o Bipolar Disorder (RxHCC 59) 

o Major Depression (RxHCC 60) 

o Specified Anxiety, Personality, and Behavior Disorders (RxHCC 61) 

o Depression (RxHCC 62) 

o Anxiety Disorders (RxHCC 63) 

• Indicator for being a new beneficiary, defined as lacking risk-adjustment data in both 

2013 and 2014 

In the supplement, we present specifications 1 and 3. In the Sensitivity section, we show the 

sensitivity of the outcomes presented in Table 2 of the main text to the different specifications. 

Outcome Measurement Period (Horizon) 

In the analysis plan, we pre-specified that the primary outcome would be a count of quetiapine 

supplied over a 9 month duration – any fill in the 9 months following the mailing of the letters on 

April 21, 2015. In the main text and supplement, all secondary outcomes are therefore presented 

counting fills or encounters during the same time period (defined as 270 days starting on April 

21, 2015) unless otherwise noted. 

In the Sensitivity section, we show effects on quetiapine supply at a set of alternative durations, 

in 3 month increments, to 2 years. The analysis plan listed 15 and 18 month durations as optional 

analyses, and did not pre-specify any longer durations. However, at the most recent time of data 

extraction, data was reliable at durations as long as 2 years. In the main text, we therefore show 

this exploratory extension of outcome duration. 
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The plan also pre-specified that we calculate outcomes for the time periods before and after each 

letter was sent to look for suggestive evidence of incremental effects of additional letters. 

Because this evidence would be only suggestive and would not yield causal effects of the 

subsequent letters, we have not constructed nor studied outcomes that count quetiapine supplied 

during these alternative time periods. 

Results 

Tables P2 through P6 present the pre-specified outcomes for prescribers. Tables P7 through P12 

present outcomes for patients. Tables P13 through P15 test the sensitivity of the outcomes to 

different specifications and measurement approaches. 

All outcomes are based on the quetiapine days supply (of PDT) measure unless otherwise stated. 

The percent difference and adjusted difference in the tables are based on the regression 

specification with the full set of controls (specification 3) unless the table notes state otherwise. 

The adjusted difference is the coefficient on the treatment arm indicator in the regression. The 

percent difference is that coefficient (and its standard error) divided by the control group mean 

outcome. The raw difference presented in the tables is the coefficient on the treatment arm 

indicator from the regression specification without any controls (specification 1). 

All outcomes are at the 9 month (270 day) duration, replicating the primary study outcome 

duration, except where stated in the sensitivity tables. 

Prescriber-Level Outcomes 

Total Quetiapine Prescribing 

The main text presents the primary outcome: total quetiapine prescribing measured in days 

supply of PDT occurring over the 9 month duration (the 270 days beginning with April 21, 2015, 

the day after the initial mailing of the letters). 

The prespecification document listed other ways of measuring of total quetiapine prescribing, 

which we consider secondary outcomes. The document also listed other outcome horizons, i.e. 

the same measures of quetiapine prescribing but counting prescriptions over alternative time 

ranges, as additional secondary outcomes. Estimates of effects on these secondary outcomes are 

presented in robustness tables P14 and P15, and are described in the Sensitivity and Robustness 

section. 

New and Continuing Prescribing 

Quetiapine prescriptions may have refills, allowing patients to continue receiving the drug even 

if their physician has begun limiting prescribing. Relatedly, physicians may focus their efforts on 

stopping new initiations of quetiapine prescribing, or they may try to reduce prescribing to their 

existing patients. To explore where physicians concentrated their efforts, we develop two 

approaches to differentiating between new and continuing prescribing. Table P2 presents these 

results. By both definitions, new prescribing declined more than continuing prescribing. 
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The lookback-based definition uses historical prescription drug records to define whether a 

prescription to a patient is new or continues an existing prescribing relationship. A new fill is one 

that occurs after at least 1 year of no fills for that patient attributed to the physician. Continuing 

fills are those that occur within 1 year of an earlier fill. In columns 2 and 3, we find that new 

prescribing declined by 27.1%, almost three times the decline in continuing prescribing of 9.9%. 

However, new prescribing only accounted for 7.6% of the control group prescribing volume, so 

most of the reduction in prescribing was due to a slowing of continuing prescribing. 

The fill field definition uses the record’s fill number (a field in the prescription drug event data) 

to differentiate between new and existing prescriptions. A fill that is not marked as a refill is 

considered new, while fills marked as refills are considered to be continuing. We de-emphasize 

this measure for two reasons. First, the fill field is known by CMS to be inaccurate at times. 

Second, this approach does not precisely differentiate between new and continuing prescribing: 

if a physician stops prescribing to an existing patient, both new and continuing fills will decline 

by the fill field definition, since when patients exhaust their refills, they must return to their 

physician to get a new prescription. Given this fact, new prescriptions are unsurprisingly a bigger 

fraction (40.4%) of baseline prescribing under the fill field approach. Still, looking to columns 4 

and 5, this approach also finds a bigger reduction in new prescribing (15.0%) than continuing 

prescribing (8.8%). 

Prescribing to Low-Value and Guideline-Concordant Patients 

The main text presents and discusses our findings with respect to prescribing to low-value and 

guideline-concordant patients (see Table 2; eFigure 2A in Supplement 2 displays the effects over 

time). The prespecification document proposed that we would split patients into relatively 

questionable and appropriate candidates for quetiapine using claims-based indicators like 

whether the patient resides in a nursing home, has a history of dementia, and has a history of 

psychiatric disorders (we use the terms low-value and guideline-concordant in the text instead of 

questionable and appropriate, respectively). To operationalize this proposal, we define low-value 

patients as those with a history of Alzheimer’s or dementia (RxHCCs 54 or 55 in Medicare Part 

D risk-adjustment data based on 2013 and 2014 encounters) without a history of schizophrenia, 

bipolar, or major depression (RxHCCs 58, 59, or 60 in the same risk-adjustment data). We define 

guideline-concordant patients as those with a history of schizophrenia, bipolar disorder, or major 

depression without a history of Alzheimer’s or dementia. See eTable 1 in Supplement 2. 

Characteristics of the Average Patient 

In Table P3, we test how the letters affect the characteristics of the average patient who receives 

quetiapine from the prescriber. The characteristics are: 

• Patient age 

• Patient resides in a long-term care institution in March 2015 (the month prior to the 

intervention start) 

• Patient has prior diagnosis of dementia 

• Patient has prior diagnosis of psychiatric disorder 
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For each characteristic and each prescriber, we take the (days supply of PDT weighted) average 

of the characteristic. We use these averages as left-hand side measures in the regressions. 

There were two statistically significant effects. First, we find that the fraction of patients residing 

in a long-term care institution rises by a statistically significant 0.5 percentage points or 5.7% 

(column 2). Second, the fraction with a history of major psychiatric disorders rises by a 

statistically significant 0.1 percentage points or 2.0% (column 4). 

Heterogeneous Effects on Prescribers 

We test for heterogeneous effects across physicians and present the results in Table P4. 

In columns 2 and 3 we look across the dimension of having a previous fraud investigation – the 

letters may have a different effect depending on whether the doctor was already investigated. We 

split the sample of physicians into those who were previously investigated for fraud before the 

letters were sent out vs. those who were not investigated. We define fraud investigation as 

having an entry in the Fraud Investigation Database (FID), the Medicare Part D integrity 

contractor’s internal database, or the Compromised Number Checklist (CNC). The 

prespecification document indicated that we would include prescribers flagged in the Fraud 

Prevention System (FPS), but we excluded it from the definition because it does not signify an 

investigation of fraud, but rather that the prescriber was flagged as potentially fraudulent. 

The 607 prescribers with a previous investigation tend to have a higher mean volume than other 

prescribers (4,242 days supplied vs. 2,685 days supplied, in the respective control arms) and the 

intervention reduced their quetiapine prescribing by 14.7%, more than the 10.4% reduction 

observed for the other prescribers. 

In columns 4 and 5 we split prescribers into two groups: those below or above median 

prescribing volume (measured in days supply) in the 9 months before the letters were sent. 

Columns 6 through 9 present an exploratory approach (i.e. not pre-specified) of dividing them 

into 4 groups on the basis of quartiles of previous prescribing volume. We find that prescribing 

declined in all groups regardless of the method of dividing the prescribers. The decline was 

greater for those above median than below (12.0% vs. 8.9%). The quartile breakdown reveals 

that the magnitude of the percent effect did not increase monotonically through more narrowly 

defined groups (the smallest magnitude occurred in quartile 2 and the largest occurred in quartile 

3), though the absolute effect did. 

Quantile Effects 

In Table P5 we estimate quantile treatment effects to consider the impact of the letters on points 

of the ex post prescribing distribution. We look at effects on the 10th, 25th, 50th, 75th, and 90th 

quantiles. 

The interpretation of coefficients in quantile regressions is affected by the inclusion of controls. 

The coefficient for the treatment variable gives the treatment effect conditional on the controls. 

In quantile regression, unlike linear regression, this effect does not generally equal the effect of 

the treatment on the unconditional distribution of the outcome (Powell 2016). It is the 

unconditional effect which is of interest, as this effect indicates how the point of the distribution 
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was affected by the intervention. Thus, in Table P5 we use no control variables, making all 

effects unconditional by definition. These estimates are unbiased due to the randomization. 

Column 1 repeats the primary study outcome under the specification without controls 

(specification 1) for comparison with the subsequent quantile regressions. This linear regression 

approach yields an estimated decline in the average level of prescribing of 14.3%. 

Columns 2 through 6 present the quantile effects. We estimate that the intervention reduced the 

10th quantile of prescribing by 3.8%, the 25th quantile by 8.9%, the median by 10.3%, the 75th 

quantile by 11.6%, and the 90th quantile by 18.0%. The effects for the 25th quantile and above are 

statistically significant. Thus the intervention reduced prescribing at all points of the distribution 

(though we fail to reject no effect at the very bottom of the distribution); the reductions were 

biggest, in percent terms, at the top of the distribution. 

Prescribing of Other Psychiatric Drugs 

Telling physicians that their quetiapine prescribing is being monitored could trigger them to 

substitute their patients to other psychiatric drugs. Substitution activity could be considered 

gaming of the review notification if it moves patients to similar drugs with similar guideline 

indications and effects. For example, if prescribers moved patients to other atypical 

antipsychotics (drugs in the same class as quetiapine) or first generation antipsychotics (which 

are also not recommended for behavior control for the elderly, see American Geriatrics Society 

2015), there may be little change in downstream health outcomes. On the other hand, physicians 

could substitute their patients to drugs that are better aligned to their conditions. For example, 

quetiapine is not labeled for patients with moderate depression, and a patient with moderate 

depression but lacking a severe mental illness diagnosis could be moved to an antidepressant 

drug. 

In Table P6 we consider prescribing of other psychiatric drugs and find no effect on any of them, 

though the point estimates are consistent with a small reduction in prescribing of other 

antipsychotic drugs. To use a measurement that is standard across drug classes, this table 

presents all outcomes in the total number of days supplied of prescription drug events (PDE) 

rather than prescription drug treatments (PDT). These measurements both count the days 

supplied of the fills; they are the same except when multiple fills are dispensed to the same 

patient, from the same prescriber, on the same day. In this case, the days supply of PDE tallies 

the days supply of all of the fills, while the days supply of PDT only tallies the days supply of 

the fill that had the greatest days supply. 

Column 1 considers quetiapine prescribing. Due to the use of PDE rather than PDT, the estimate 

matches the result in column 4 of Table P15 (which presents robustness of the primary outcome 

to alternative measures of prescribing). By this measure, quetiapine prescribing fell by 11.0%, 

rather than 11.1% as reported in the main text. 

Columns 2 and 3 consider prescribing of other atypical antipsychotics and first generation 

antipsychotics, respectively, and find negative effects on both; these effects are statistically 

insignificant, though the point estimates are consistent with, if anything, an additional reduction 

in prescribing for these two categories. Column 4 considers benzodiazepine drugs commonly 
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prescribed for psychiatric indications like anxiety and estimates no significant effect. Columns 5 

and 6 find no effect on prescribing of drugs commonly used as sleep aids looking at both the 

benzodiazepine and non-benzodiazepine classes, respectively. Column 7 estimates no significant 

effect on prescribing of antidepressants. 

We thus do not find evidence that physicians prescribed their patients other drugs, whether to 

game the metric about which they were notified or to change the alignment of their prescribing to 

guidelines. These results are the same as those presented in eTable 4 in Supplement 2. 

Patient Level Outcomes 

Baseline patients were identified as those who had one or more quetiapine fills from study 

prescribers in the year before the letters were sent. Of the 103,758 such patients, we excluded 

those associated with multiple study prescribers (2.1%); those who were not enrolled in 

Medicare Part D in March 2015, immediately prior to the study (9.7%); and those who had died 

by the study start date (11.4%). Of the resulting 89,500 patients, 43,911 were aligned to the 

treatment arm and 45,589 were aligned to the control arm. See eFigure 1 of Supplement 2. 

We classified 30,443 of the baseline patients as low-value, having Alzheimer’s or dementia but 

not schizophrenia, bipolar disorder, or major depression. 24,628 were classified as guideline-

concordant, having the psychiatric disorders without Alzheimer’s or dementia. Using RxHCC 

(Part D risk-adjustment) codes based on 2013 and 2014 diagnosis codes, the psychiatric 

disorders were identified in patients by the presence of RxHCCs 58, 59, and 60; Alzheimer’s and 

dementia were identified by RxHCCs 54 and 55. See eTable 1 of Supplement 2. 

We did not pre-specify analyses of the intermediate group of baseline patients who fit neither the 

low-value nor the guideline-concordant definitions. This group comprised 40,330 patients. 

16,858 of them had both a history of psychiatric disorders and a history of Alzheimer’s or 

dementia, making the appropriate classification unclear. The remaining 23,472 lacked a 

diagnosis history of any of these disorders, also leaving the proper classification unclear. 

Among those lacking a diagnosis history, 1,951 were new to Medicare and their diagnosis data 

was not populated for 2013 and 2014. The remaining 21,521 had been enrolled in Medicare long 

enough to have populated data in 2013 and/or 2014, but had no diagnoses that fit the low-value 

or guideline-concordant definitions. 

The analysis plan described a second approach to identifying a patient cohort, using patients who 

received evaluation and management services from the study prescribers in the year prior to the 

intervention. Given the focus of the study on quetiapine prescribing and the multiplicity of 

outcomes already required by the analysis plan, this additional patient cohort was neither 

constructed nor analyzed. 

The patients are described in more detail in eTable 2 in Supplement 2. 

Patient Receipt of Quetiapine 

A key question is how targeting the prescribers affects patients’ source of quetiapine and their 

overall receipt of it. Even if study prescribers taper their own patients, they could refer them to 
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other prescribers, or patients could seek out other prescribers on their own volition. If these other 

prescribers have formal training in psychiatry they may have more knowledge of guidelines and 

recommendations about the prescribing of antipsychotics. 

Table P7 explores the effect of the intervention on overall quetiapine receipt by the baseline 

patients as well as their receipt of quetiapine by source. In tallying quetiapine days for the 

outcome, column 1 counts prescriptions from all prescribers. Column 2 only counts prescriptions 

from the prescriber from which the patient received quetiapine in the year before the intervention 

– the patient’s baseline prescriber. Column 3 considers prescriptions from all prescribers in 

Medicare Part D other than the baseline prescriber. Column 4 considers the subset of these 

prescriptions that were written by prescribers with psychiatric specialization according to their 

taxonomy codes in the NPPES database. 

For each source the table displays, at the bottom, the contribution of that source to the total 

percent effect of the intervention on quetiapine receipt (i.e. the adjusted effect for the source 

divided by the control group all-prescriber average level of quetiapine receipt). It also displays 

the percent effect (i.e. the effect for the source divided by the control arm average level of 

quetiapine receipt from that source). By definition, these two effects are equal for the all-

prescriber count (column 1) but are not equal for columns counting prescriptions from subsets of 

the prescribers (columns 2-4). 

Baseline patients saw a 3.9% reduction in their receipt of quetiapine due to the intervention. The 

baseline study prescribers contributed 4.9 percentage points to this effect – that is, only counting 

the effect of the intervention on prescriptions from baseline study prescribers led to a 4.9% 

reduction in total quetiapine receipt. This reduction was offset by increased receipt from other 

prescribers; fills from these prescribers contributed a positive 1.0 percentage points to the effect. 

Of the 1.0 percentage points, 0.6 percentage points (i.e. three-fifths) of the effect came from 

psychiatric prescribers. All of these effects were statistically significant. 

The contributions of the baseline prescribers and the other prescribers would sum to exactly the 

all-prescriber effect if the two regressions used the same control variables. However, the 

contributions are estimated from regressions that control for the outcome measured in the 9 

months before the intervention began. The lagged outcome control is not identical across the 

regressions (i.e. prior receipt of quetiapine from the attributed prescriber does not equal prior 

receipt of quetiapine from other prescribers). Thus the estimated intervention effect on the 

components does not exactly sum to the estimated total intervention effect. 

Quantile Effects 

We prespecified analyses to estimate the effect of the intervention on points of the distribution of 

quetiapine receipt by patients. These analyses use quantile regressions. As in the prescriber-level 

analysis, we omit all control variables from the quantile regressions to ensure that we estimate 

unconditional effects. 

Table P8 presents these results. Column 1 shows OLS results omitting controls to make the 

specification align with the subsequent quantile effects. This column shows that the intervention 
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reduced the average level of quetiapine receipt by 4.0%. Columns 2 through 6 show effects on 

the 10th, 25th, 50th, 75th and 90th quantiles. 

A substantial fraction of the patients in the control group received no quetiapine in the 9 month 

post-intervention period; the 10th and 25th quantiles of the distribution were 0. The quantile 

effects at these points were 0 (columns 2 and 3); this is expected if the intervention reduces all 

points of the distribution since it cannot reduce receipt of quetiapine below zero. The 

intervention reduced the median by 6.2% (column 4). Columns 5 and 6 find no effect on the 75th 

and 90th quantiles, respectively. In the control arm, these quantiles correspond to a 270 day or 

more supply of quetiapine, sufficient for the entire 270 day (9 month) outcome horizon. These 

results suggest that the intervention did not reduce quetiapine receipt at the points in the 

distribution where patients had enough days supply of the drug to cover the entire outcome 

window. 

Heterogeneous Effects on Patients 

Table P9 shows the results looking at heterogeneity in effects for different groups of patients. 

In columns 2 through 5 we divide patients into quartiles on the basis of their receipt of quetiapine 

in the 9 months prior to the intervention. We find that the effect of the intervention was 

strongest, in percent terms, for patients receiving less quetiapine before the letters were sent. The 

lowest quartile saw a 11.0% reduction in quetiapine, the second quartile saw a 5.2% reduction, 

and the third and fourth quartile saw 3.9% and 1.7% declines, respectively. In absolute terms, 

effects were largest for the third quartile (8.4 day reduction). The effects were statistically 

significant for all four quartiles. 

The remaining columns split patients into two groups on the basis of whether they were 

previously associated with multiple prescribers or solely their baseline study prescriber. 

Specifically, column 6 limits to the 34% of baseline patients that received quetiapine from 

multiple prescribers – though, by definition of the patient cohort, only one study prescriber – in 

the 9 month pre-intervention period. The letters reduced quetiapine receipt by a statistically 

significant 1.9% for this group. Column 7 limits to the remaining 66% of patients that received 

quetiapine from only their attributed (i.e. study) prescriber during that time. The effect for these 

patients was a 5.2% reduction, almost three times larger than the effect for the patients who were 

not solely attached to their study prescriber. 

These results show that patients who already had established links to other prescribers to receive 

quetiapine saw smaller reductions in quetiapine receipt due to the letters. While the findings are 

suggestive, these patients may have more easily moved to other prescribers to counteract 

reductions from study prescribers. 

Effects for Low-Value and Guideline-Concordant Patients by Source 

Table P10 shows the effects of the intervention on all-prescriber quetiapine receipt for low-value 

and guideline-concordant patients (columns 1 and 5, respectively). These effects were pre-

specified in our analysis plan. For each category of patients it also breaks down the effect by 

quetiapine source (columns 2-4 and 6-8), as Table P7 did for the full set of baseline patients. 

These columns were not pre-specified and represent exploratory analyses. As in Table P7 and 
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explained in its supporting text, the effects of each source do not have to sum to exactly the all-

prescriber effect. The table matches eTable 3 in Supplement 2 and Figure 3 in the main text, 

except that in this table we present the subdivision of other prescribers differently (showing a 

column for other non-psychiatric prescribers rather than a column for all other prescribers). 

Low-value patients saw a statistically significant reduction in quetiapine receipt of 5.9%. 5.9 

percentage points of this effect were due to the patients’ baseline study prescribers, and this 

contribution was statistically significant. Other prescribers contributed 0.1 percentage points to 

this effect, and the contribution of the subset of these prescribers with psychiatric specialization 

was 0.0 percentage points. These contributions were not statistically significant. 

The reduction for guideline-concordant patients was 2.4%. Baseline study prescribers 

contributed a reduction of 3.9 percentage points, offset by a positive contribution of 1.6 

percentage points from other prescribers; the subset of these other prescribers with psychiatric 

specialization contributed 1.1 percentage points. All of these contributions were statistically 

significant. 

Receipt of Other Psychiatric Drugs 

For several reasons, patients may have changed their receipt of psychiatric drugs besides 

quetiapine as a result of the intervention. A patient’s study prescriber may have shifted him or 

her to other drugs, the patient may have been referred to another prescriber who sought to treat 

the patient with a different approach, or the patients may have sought out other prescribers and in 

turn received other drugs. 

Table P11 considers several categories of psychiatric drugs and finds no statistically effect on 

patient receipt of any of them. As in Table P6, which considered prescribers, we use the days 

supply of PDE rather than PDT so that the measurement is consistent across the categories (see 

Prescribing of Other Psychiatric Drugs on page 12 for a full description of the differences). This 

measure counts the days received (i.e. days supply dispensed to the patient) of drugs in the class. 

The first column of the table shows the quetiapine result of the main text using the days supply 

of PDE outcome rather than the baseline measure that uses PDT. We find a statistically 

significant reduction in quetiapine receipt of 3.9%, effectively the same result as the baseline 

measure. 

Columns 2 and 3 consider atypical antipsychotics (other than quetiapine) and first generation 

antipsychotics. We estimate an increase in patient receipt of these classes of drugs of 2.9% and 

4.0%, respectively; neither effect is statistically significant. The point estimate of 0.7 days for 

atypical antipsychotics would offset 11% of the 6.9 day reduction in quetiapine (the implied 

offset is 15% if the point estimate of 0.3 days for other antipsychotics is also included). Thus the 

overall reduction in quetiapine receipt is of similar magnitude even including effects on the 

receipt of other antipsychotics. For additional exploratory analyses of antipsychotic receipt by 

patient guideline conformity, see the main text and eTable 6 in Supplement 2. 

Columns 4 through 7 consider, in order, benzodiazepine drugs often prescribed for psychiatric 

indications like anxiety, benzodiazepine drugs commonly prescribed as sleep aids, non-



 17 

benzodiazepine sleep aids, and antidepressants. We do not detect any statistically significant 

effects on patient receipt of these classes of drugs. 

These results in Table P11 are the same as those presented in eTable 5 in Supplement 2.  

Patient Mortality and Health Care Utilization 

The impact of the intervention on patient health will depend on whether prescribing at the 

margin (and thus prescribing removed due to the intervention) was clinically beneficial or 

harmful. To provide more direct evidence on the quality of such marginal prescribing, we 

consider outcomes related to patient health: mortality and utilization of health care. 

The Medicare administrative data includes information on the date of death of Medicare 

beneficiaries, allowing us to track mortality. We measure utilization through fee-for-service 

Medicare Part A and B claims, which include inpatient stays, emergency department encounters, 

and individual practitioner (including physicians, nurse practitioners, and other health care 

providers like psychologists) encounters. Because these claims are only available for Original 

Medicare enrollees, for utilization outcomes we reduce the sample of baseline patients to those 

enrolled in Original Medicare, both Parts A and B, in March 2015 (the baseline sample is already 

limited to those enrolled in Medicare Part D in March 2015). After this restriction, the baseline 

sample for utilization outcomes numbered 60,425 enrollees. 

Table P12 presents the results. The outcome in column 1 is an indicator of patient death within 

270 days of the intervention. We detect no effect on mortality. 

The remaining columns look at different measures of claims-based care utilization in the 270 day 

outcome period. To avoid double counting when a provider bills for the same encounter over 

multiple claims, we treat multiple claims with the same provider on the same day as one 

encounter. 

For inpatient and ED encounters, in addition to looking at total counts, we also subdivide them 

according to the underlying reason for the encounter using the patient’s principal diagnosis code. 

We grouped the principal diagnosis codes into categories with the single-level index from 

Healthcare Cost and Utilization Project’s (HCUP) Clinical Classifications Software (CCS). To 

identify principal diagnosis codes related to substance use disorder, we used the CCS categories 

660 (alcohol-related disorders) and 661 (substance-related disorders). To identify principal 

diagnosis codes related to mental health, we followed the methodology of Heslin et al. (2015) 

and used CCS categories 650-652, 655-659, 662, 663, and 670. 

Column 2 considers all inpatient visits, column 3 counts only the subset with a principal 

diagnosis of mental health conditions, and column 4 counts only the subset with a principal 

diagnosis of substance use disorders. Likewise, column 5 considers all ED encounters that did 

not end in an inpatient stay. Columns 6 and 7 tally the subsets of these encounters due to mental 

health conditions and substance use disorders, respectively. Although we find point estimates 

consistent with a decline in these encounters, particularly those due to mental health conditions, 

none of the estimates reach statistical significance. 
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Columns 8 and 9 analyze encounters with health care practitioners (we present two approaches in 

order to operationalize the prespecified outcome “receipt of outpatient mental health services”). 

Here we exclude encounters that occur in an inpatient or ED setting (specifically, those with a 

place of service of inpatient hospital, hospital emergency room, inpatient rehabilitation facility, 

or inpatient psychiatric facility) to focus on physician encounters apart from those due to 

utilization already measured in columns 2-7. Column 8 considers encounters with psychiatric 

providers: physicians with psychiatric specialization and psychiatric nurse practitioners. Column 

9 considers encounters with providers carrying a specialization of psychologist. We detect no 

effect on either outcome. 

As an exploratory exercise, eTable 7 in Supplement 2 presents these outcomes (without breaking 

out inpatient and ED encounters by principal diagnosis, and omitting psychologist encounters) 

for low-value and guideline-concordant patients separately, and is discussed in the main text. 

Sensitivity and Robustness 

The remaining tables test the robustness and sensitivity of the study outcomes. 

Table P13 considers how the effects presented in Table 2 of the main text vary depending on the 

set of statistical controls. For each outcome, it presents the estimated absolute effect of the 

intervention under the three pre-specified approaches: using the full set of controls (“All 

Controls”), using the outcome measure in the 9 months before the intervention as a control (“Lag 

DV Control”), and using no controls (“Raw Difference”). The Lag DV Control approach for the 

patient-level columns includes controls for both the prior patient outcome and the prior attributed 

prescriber outcome. 

In general, the lagged outcome variables have high explanatory power for the observed outcome, 

and including these variables as controls thus raises the statistical power of the regressions to 

detect effects. Consistent with this fact, the standard errors for prescriber level effects (columns 

1-4) shrink approximately 30-60% with the inclusion of the lagged dependent variable; the 

standard errors for the patient level effects (columns 4-6) shrink approximately 20-40%. Adding 

further controls has little effect on the standard errors for prescriber level outcomes and yields a 

small additional reduction in standard errors (approximately 5-15%) for patient level outcomes. 

The prescriber level effects (columns 1-4) attenuate and become more precisely estimated with 

the addition of the controls. The attenuation is nearly entirely from the addition of the lagged 

dependent variables. Patient level effect estimates (columns 5-7) become more precisely 

estimated with the addition of controls, and the point estimates here are less sensitive to the 

specification. 

Table P14 shows how the effect on the primary outcome, days supply (of PDT), evolved over 

time by considering alternative measurement durations. The column headings show the exact 

number of days to which each duration corresponds. In the month after the letters were sent, we 

estimate that quetiapine prescribing declined in the treatment group by 5.4%. The magnitude of 

the decline increased to 11.1% at 9 months (the primary study outcome), to 12.8% at 1 year, to 

14.7% at 18 months (the longest duration in the pre-specified analysis plan), and to 15.6% at 2 

years (the exploratory extension of outcome duration reported in the main text). 
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Table P15 considers alternative approaches to measuring prescribing volume for the primary 

outcome. Column 1 replicates the main study measure (days supply of PDT). Column 2 

measures prescribing in grams supplied of quetiapine. Column 3 measures it in prescription drug 

events (PDE) – the number of quetiapine fills associated with the prescriber, counting multiple 

fills to the same patient on the same day separately and not adjusting for the days supply on the 

fills. Column 4 measures the total days supply of the PDE (see Prescribing of Other Psychiatric 

Drugs on page 12 for a description of the difference between days supply of PDT and PDE). 

These approaches all yield similar estimates of prescribing declines. Column 5 measures the total 

Part D payments for the quetiapine fills, including payments made by beneficiaries and their Part 

D plans, and finds a larger decline of 15.4%. 
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Attachment 3 (Treatment Letter)
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Attachment 4 (Followup Treatment Letter)
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