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ABSTRACT State prescription drug monitoring programs are promising 
tools to rein in the epidemic of prescription opioid overdose. We used 
data from a national survey to assess the effects of these programs on the 
prescribing of opioid analgesics and other pain medications in 
ambulatory care settings at the point of care in twenty-four states from 
2001 to 2010. We found that the implementation of a prescription drug 
monitoring program was associated with more than a 30 percent 
reduction in the rate of prescribing of Schedule H opioids. This reduction 
was seen immediately following the launch of the program and was 
maintained in the second and third years afterward. Effects on overall 
opioid prescribing and prescribing of non-opioid analgesics were limited. 
Increased use of these programs and the adoption of new policies and 
practices governing their use may have contributed to sustained 
effectiveness. Future studies are needed to evaluate the policies’ 
comparative effectiveness. 

p 
rescription opioid pain relievers 
were responsible for dose to 19,000 

overdose deaths in the United 

States in 2014.1 More than ten mil- 

lion Americans reported using 

opioids nonmedically in 2014.2 Nonmedical 

users may obtain controlled substances by get- 

ting multiple prescriptions from multiple pre- 

scribers, a behavior known as "doctor shop- 

ping,-3,4 or from friends or relatives for whom 

the substances were prescribed, a practice 

known as "diversion."s Prescribers--generally 

primary care physicians and dentists, as opposed 

to pain medicine specialists’--are thus an impor- 

tant link in helping address this deadly drug 

overdose epidemic. Information on potential 

misuse and abuse of prescription opioids can 

help these prescribers strike a balance between 

alleviating pain for patients and ensuring safe 

prescribing. 

Prescription drug monitoring programs are 

statewide databases that gather information 
from pharmacies on dispensed prescriptions of 
controlled substances and, as such, are promis- 
ing tools to help combat the prescription opioid 
epidemic. Prescribers, pharmacists, law enforce- 
ment agencies, and medical licensure boards are 
among the typical users of these databases. Pre- 
scription drug monitoring programs date back 
to the late 1930s. A newwave of implementation 
began in the early 2000s, and all states except 
Missouri have either implemented or upgraded 
their programs or have enacted legislation to 
do so.7 Prescription drug monitoring programs 
implemented since the late 1990s are all elec- 
tronic instead of paper-based; typically allow 
users, especially prescribers, access by means 
of an online portal; and cover a wider range of 
controlled substances, compared to programs 
implemented earlier. 

Effective prescription drug monitoring pro- 
grams can help change prescribers’ behavior 

Yuhua B~o (yub2OO3@med 

.comelLedu) is an associate 

professor of healthcare policy 

and research at Weill Comell 

Medical College, in New York 

Qty. 

Y[jun Pan is a PhD candidate 

in ecanomics at Comell 

University, in Ithaca, New 

York. 

Aryn Taylor iS a PhD 

candidate in policy analysis 

and management at Comell 
University. 

Shan~ini Radakrishnan is a 

senior analyst at Abt 
Associates in Cambridge, 

Ma ssachusetts. 

Feijun Luo is a senior service 

fellow at the Centers for 

Disease Control and 

Prevention, b Atlanta, 
Georgia, 

Harold Alan I~ncus is vice 

chair of the Department of 

Psychiatry. College of 

Physicians and Surgeons. 

Columbia University. and 

director of quality and 

outcomes research at New 

York Presbyterian Hospital, 
bol~ b New York City. 

Brace R. Schackm~n is a 
professor of heaRhcare policy 

and research at Weill Comell 

Medical College. 

JUNE 2016 35:6 HEALTH AFFAIRS 1045 

TE-SF-02469.00001 

CCSF v Purdue Pharma, et al.
3:18-CV-7591

TE-SF-02469
Admitted:                       



by identifying patients at a high risk of doctor 

shopping or diversion. They also enable law 

enforcement agencies and medical licensure 

boards to monitor aberrant prescribing practic- 

es. Evidence is limited, however, about the ex- 
tent to which the implementation of these pro- 

grams has actually changed opioid prescribing at 

the point of care. 

Several studies have linked prescription drug 

monitoring program implementation in s elected 

states or years with trends in aggregate opioid 
consumptions 13 or population rates of opioid 

abuse, opioid-related inpatient admissions, and 

overdose deaths,s 11,14,15 These studies have had 

mixed findings.16 Survey12 or observational17 

studies based on data from a single academic 

medical center found substantial changes in opi- 

oid prescribing rates from before to after the use 

of a prescription drug monitoring program. 

Meanwhile, there is a concern that the overall 
low rate of registration with and low use of such 

programs by prescribersis may limit the pro- 

grams’ effectiveness. Evidence at the national 

level from recent implementations of prescrip- 

tion drug monitoring programs is needed to in- 

form the next phase of state policy making. 

In this study we assessed the effects of recent 

state implementation of prescription drug mon- 

itoring programs on the prescribing of opioids 

and other pain medication to manage pain in 

ambulatory care settings. We used national data 

reflecting prescribing decisions at the point of 

care that covered a ten-year period of implemen- 

tation of electronic prescription drug monitor- 

ing programs in about half of the states. Because 

it may take time for prescribers to become aware 

of and use a prescription drug monitoring pro- 

gram, we also assessed whether the effects of 

implementation became stronger the longer a 

program had been in effect. 

Study Data And Methods 
DATA The National Ambulatory Medical Care 

Survey (NAMCS) is a nationally representative 

annual survey of ambulatory visits to non- 

federally employed office-based physicians that 

is conducted by the National Center for Health 

Statistics.19 Each year people in a systematic sam- 

ple of physicians (based on the American Medi- 

cal Association’s Physician Masterfile) and clini- 

cians at community health centers are asked to 

complete a survey for about thirty visits that oc- 

curred during a randomly selected one-week pe- 

riod. In 2010 NAMCS had an unadjusted physi- 

cian response rate of 58 percent.19 

The survey collects patient, visit, and clinician 
or practice information. Of particular relevance 

to this study is information on reasons for a 

particular visit, diagnoses pertaining to the visit, 

and information on up to eight medications that 

were prescribed or continued at the visit. No 

dosage information was collected for the medi- 

cations. The National Center for Health Statistics 

applies rigorous quality assurance procedures to 

NAMCS data collection and processing, which 

contribute to a keying and coding error rate of 

less than 1 percent.2° 

We used restricted NAMCS data for the period 

2001-10, which also identified the state in which 
the office visit took place. Changes to the sample 

design and survey instruments were minimal 

during the study period. The medication classi- 

fication system, however, experienced a major 

change in 2006. We adopted SAS software pro- 

grams developed by the National Center for 

Health Statistics to map drug characteristics for 

data before 2006 onto the current system to en- 

able longitudinal analysis.21 

STUDY POPULATION AND SAMPLE Our study 

population consisted of patients ages eighteen 

and older who reported pain as one of the rea- 

sons for a visit to an office-based physician. Us- 

ing the NAMCS coding system, we identified a 

set of codes that represented pain, soreness, dis- 

comfort, aches, cramps, spasms, burning, or 

stinging.22 Our main analysis was restricted to 

office visits that occurred in one of the twenty- 

four states that had implemented a prescription 

drug monitoring program during the study peri- 

od. Online Appendix Exhibit A1 provides infor- 

mation on date of implementation, controlled 

substances monitored, and other policies and 

regulations governing the use of each of the 

twenty-four programs we examined.23 

MeASUReS Our main outcomes of interest 

were both dichotomous: having at least one 

Schedule II opioid analgesic and having at least 

one opioid of anykind prescribed or continued at 

a pain-related ambulatory care visit. All opioid 

analgesics are either Schedule II (the category 

with the highest potential of abuse and depen- 

dency among all drugs with currently accepted 

medical use) or Schedule III (a category with a 
lower potential for abuse and dependency than 

Schedule II). Identification of opioid analgesics 

was initially based on the Multum drug ontology 

used by NAMCS.~ A clinician investigator fur- 

ther reviewed all generic drug names included 

in the category of opioid analgesics to exclude 

drugs that had been misclassified or were not 

typically used for pain management. 

We examined two additional outcomes. The 
first was an indicator of at least one pain medi- 

cation (opioid analgesics; non-opioid analge- 

sics; anticonvulsants; muscle relaxants; Cym- 

balta and tricyclic antidepressants, which are 

frequently prescribed for pain; and topical anes- 
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level from recent implementations of prescrip- 

tion drug monitoring programs is needed to in- 

form the next phase of state policy making. 

In this study we assessed the effects of recent 

state implementation of prescription drug mon- 

itoring programs on the prescribing of opioids 

and other pain medication to manage pain in 

ambulatory care settings. We used national data 
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riod. In 2010 NAMCS had an unadjusted physi- 

cian response rate of 58 percent.19 

The survey collects patient, visit, and clinician 
or practice information. Of particular relevance 

to this study is information on reasons for a 

particular visit, diagnoses pertaining to the visit, 

and information on up to eight medications that 

were prescribed or continued at the visit. No 

dosage information was collected for the medi- 

cations. The National Center for Health Statistics 

applies rigorous quality assurance procedures to 

NAMCS data collection and processing, which 

contribute to a keying and coding error rate of 

less than 1 percent.2° 

We used restricted NAMCS data for the period 

2001-10, which also identified the state in which 
the office visit took place. Changes to the sample 

design and survey instruments were minimal 

during the study period. The medication classi- 

fication system, however, experienced a major 

change in 2006. We adopted SAS software pro- 

grams developed by the National Center for 

Health Statistics to map drug characteristics for 

data before 2006 onto the current system to en- 

able longitudinal analysis.21 

STUDY POPULATION AND SAMPLE Our study 

population consisted of patients ages eighteen 

and older who reported pain as one of the rea- 

sons for a visit to an office-based physician. Us- 

ing the NAMCS coding system, we identified a 

set of codes that represented pain, soreness, dis- 

comfort, aches, cramps, spasms, burning, or 

stinging.22 Our main analysis was restricted to 

office visits that occurred in one of the twenty- 

four states that had implemented a prescription 

drug monitoring program during the study peri- 

od. Online Appendix Exhibit A1 provides infor- 

mation on date of implementation, controlled 

substances monitored, and other policies and 

regulations governing the use of each of the 

twenty-four programs we examined.23 

MeASUReS Our main outcomes of interest 

were both dichotomous: having at least one 

Schedule II opioid analgesic and having at least 

one opioid of anykind prescribed or continued at 

a pain-related ambulatory care visit. All opioid 

analgesics are either Schedule II (the category 

with the highest potential of abuse and depen- 

dency among all drugs with currently accepted 

medical use) or Schedule III (a category with a 
lower potential for abuse and dependency than 

Schedule II). Identification of opioid analgesics 

was initially based on the Multum drug ontology 

used by NAMCS.~ A clinician investigator fur- 

ther reviewed all generic drug names included 

in the category of opioid analgesics to exclude 

drugs that had been misclassified or were not 

typically used for pain management. 

We examined two additional outcomes. The 
first was an indicator of at least one pain medi- 
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balta and tricyclic antidepressants, which are 

frequently prescribed for pain; and topical anes- 
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thetics) prescribed or continued during a visit 

where the patient presented with pain. The sec- 

ond was an indicator of at least one non-opioid 

analgesic (a subset of pain medications that in- 

cludes nonsteroidal anti-inflammatory agents, 

salicylates, anfimigraine agents, Cox-2 inhibi- 

tors, and analgesic combinations) similarly 

being prescribed or continued. These measures 

allowed us to examine whether prescribers 

substituted non-opioid pain medications for 

opioids. 

We defined prescription drug monitoring pro- 

gram implementation as the date on which a state 

opened online access to its database to prescrib- 

ers and dispensers .We obtained this information 

in part from the National Alliance for Model 

State Drug Laws .24 For states whose information 

was missing from the state drug law database, 

we contacted state program administrators and 

searched legal databases and state websites for 

information. An ambulatory care visit was deter- 

mined to be "postimplementation" if the visit 

occurred after the state provided prescribers or 

dispensers with access to its database. 

ANALVSm We exploited the staggered imple- 

mentation of prescription drug monitoring pro- 

grams across states and compared the prescrib- 

ing of opioids and other pain medication before 

and after implementation; as controls, we used 

visits in states that had not yet implemented such 

programs. Our main analysis focused on the 

twenty-four states that implemented a program 

during the study period. This was arguably a 

stronger study design than including states that 

had implemented a program before 2001 or had 

not yet implemented one by 2010, because it 

allowed states with proximal timing of imple- 

mentation to serve as controls for each other. 

To assess the robustness of our findings, we in- 

cluded all states in a sensitivity analysis. 

We estimated a linear probability regression 

model and a logistic regression model to check 

the robustness of results for each prescribing 

outcome. The main independent variable was 

the postimplementation status of a given office 

visit. We included a set of dichotomous state in- 

dicators, one for each state (state fixed effects), 

to control for differences between states that did 
not change over time and a set of year fixed 

effects to control for nationwide trends in pain 

medication prescribing. Each model also con- 

trolled for patient characteristics (age, sex, in- 

surance type, and household income in the 

pracfice’s ZIP code), visit characteristics (the 

patient was new to the practice; pain was a 

new condition; the patient had a current diagno- 

sis of cancer, which applied to 1 percent of the 

entire sample; the patient had musculoskeletal 

versus other pain; and how many chronic con- 

ditions were recorded for the visit), and physi- 

cian characteristics (sex, primary care provider 
status, and practice size as measured by the num- 

ber of physicians). 

We first estimated the average effect of imple- 

mentation of a prescription drug monitoring 

program regardless of how long the program 

had been in operation. We then conducted an 

analysis that allowed the effect of the drug moni- 

toring program to differ by time since implemen- 

tation.We did this by eliminating the postimple- 

mentafion indicator but including indicators 

that a given office visit occurred during 0-6, 

7-12, 13-18, 19-24, or 25 or more months after 
implementation. 

L~ M ~TAT~ O N $ The study had several limitations. 

First, we did not have data to determine the ap- 

propriateness of opioid or other pain medication 

prescribing or nonprescribing. We therefore 

could not evaluate whether patients’ pain man- 

agement needs were adequately met and wheth- 

er this changed as a result of drug monitoring 

program implementation. However, given the 

sheer volume of opioid prescribing each year 

in the United States (enough to medicate every 

US adult for a month)25 and the lack of evidence 
supporting long-term opioid use for chronic 

noncancer pain,26 changes in opioid prescribing 

in response to the existence of prescription drug 

monitoring programs are likely to reflect a move 

toward more appropriate prescribing of pain 

medications among some prescribers. 

Second, the medication data in NAMCS maybe 

subject to reporting errors and are not the same 
as information on filled prescriptions captured 

in prescription drug claims. In addition, given 

the NAMCS survey design, medication recorded 

in the data reflect snapshots of physicians’ pre- 

scription decisions instead of a complete picture 

of a given physician’s prescribing behaviors or 

patterns. However, survey data such as ours, 

based on medical records (instead of prescrip- 

tion claims), provide arguablybetter measures of 

prescribing decisions at the point of care--the 
construct of interest in this study. 

Third, because of lags in data availability, our 

analysis was restricted to prescription drug mon- 

itoring programs implemented in the period 

2001-10. The effects of program implementation 

in more recent years (2011-14) may differ from 
those in the past and should be examined in 

future studies. 

Finally, to the extent that implementation of a 

prescription drug monitoring program in a state 

coincided with other reasons for changes in pre- 

scribers’ behavior, the relationship we estimated 

may be associational and not causal. 
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in response to the existence of prescription drug 

monitoring programs are likely to reflect a move 

toward more appropriate prescribing of pain 

medications among some prescribers. 
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Study Results 
Our analytical sample contained 26,275 ambu- 
latory care office visits for pain that took place in 
the twenty-four states that had implemented a 
prescription drug monitoring program during 
the period 2001-10. Patient, visit, and physician 
characteristics and study outcomes are summa- 
rized in online Appendix Exhibit A2.23 

Five percent of the ten-year pooled sample of 
visits resulted in the prescription of at least one 
Schedule II opioid, 15 percent in at least one 
opioid analgesic of any kind, 41 percent in any 
pain medication, and 24 percent in at least one 
non-opioid analgesic. The results regarding pre- 
scription drug monitoring program effects are 
based on linear probability models. Logistic 
models produced very similar results. Full re- 
gression results for the linear and logistic mod- 
els are available in Appendix Exhibits A3-A6.23 

PROaRAMS’ OVERALL EFFECT ~ analysis in- 

dicated that the implementation of a prescrip- 
tion drug monitoring program was associated 
with a reduction in the prescri~oing of Schedule 
II opioids, opioids of any kind, and pain medica- 
tion overall (Exhibit 1). The implementation of a 
program also slightly increased the prescribing 
of non-opioid analgesics. However, the only sig- 

EXHIBIT ~. 

Effects of the impiemematim of a pre~ drag mo~to~ng ~ (POMP) on the 
prescribing of opioid analgesics and other pain medications 

¯ No monitoring program ¯ Monitoring program 

0.4 

._~ 0.3 

~- 0,2 

0.1 

Schedule II opioids Opioids Pain medication Nomoptoid analgesics 

(ME :-0.017") (ME :-0.015) (ME =-0.014) (Iv~ = 0,016) 

¯ ou~a Authors’ analysis of data for 2001 10 from tile National Ambulatory Medical Care Survey. 

No, us The data shown are predicted probabilities of receiving or continuing a prescription for an 

opioid analgesic or other pain medication at a pain related ambulatery care visit with and without a 

PDMR ~ whiskers represent 95% confidence intervals. Schedule II opioids are explained in the 

text. ME is the marginal effect of a PDMR ***p < 0.01 

nificant effect was on Schedule II opioid pre- 
scribing, in which there was a reduction in the 
probability of prescribing at an office visit with 
pain from 5.5 percent to 3.7 percent. This was a 
more than 30 percent reduction, relative to the 
rate of prescribing before implementation of a 
drug monitoring program. 

IFFICTS BY TIME SINCl IMPLBMBNTATION In 

our analysis that allowed the effect to vary with 
time since implementation of a prescription 
drag monitoring program, we found a reduction 
in Schedule II opioid prescribing of 2.1 percent- 
age points during the first six months of imple- 
mentation, 2.2 percentage points in months 
7-12, and 1.8 percentage points in months 19- 
24 (Exhibit 2). The effect was smaller and not 
significant at other times. Prescription drug 
monitoring programs were associated with a sig- 
nificant reduction (2.2 percentage points) in the 
prescribing of opioid analgesics of any kind in 
the first six months of implementation, but 
no subsequent reductions were significant. For 
overall pain medication prescribing, there was 
a significant reduction of 4.3 percentage points 
when a program was in its third year or later 
(Exhibit 3). 

Our sensitivity analysis that included all states 
indicated an overall reduction in the prescribing 
of Schedule II opioids in response to implemen- 
tation of a prescription drug monitoring pro- 
gram, although the effect was smaller than in 
the main analysis. An analysis that included all 
states and allowed the program effect to vary by 
time since implementation indicated a strong 
reduction in Schedule II opioid prescribing dur- 
ing the first year but not in subsequent time 
periods. Regression outputs for these sensitivity 
analyses are found in Appendix Exhibits A7 
and A8.23 

Discussion 
Our analysis of the NAMCS data suggests that the 
recent wave of implementations of prescription 
drug monitoring programs was associated with 
a sizable reduction in the prescribing of Sched- 
ule II opioids--the subset of prescription opioids 
deemed to be at the highest risk of misuse and 
abuse--while having limited effects on the pre- 
scribing of opioid analgesics of any kind and of 
other pain medicatio~ We also found that the 
effect of implementation on the prescribing of 
Schedule II opioids and all opioids was immedi- 
ate, and that after the first six months this effect 
remained strong for Schedule II opioids but was 
attenuated for opioids of any kind. 

It is possible that the implementation of a pre- 
scription drug monitoring program byitselfsub- 
stantially raised awareness among prescribers 
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visits resulted in the prescription of at least one 
Schedule II opioid, 15 percent in at least one 
opioid analgesic of any kind, 41 percent in any 
pain medication, and 24 percent in at least one 
non-opioid analgesic. The results regarding pre- 
scription drug monitoring program effects are 
based on linear probability models. Logistic 
models produced very similar results. Full re- 
gression results for the linear and logistic mod- 
els are available in Appendix Exhibits A3-A6.23 

PROaRAMS’ OVERALL EFFECT ~ analysis in- 

dicated that the implementation of a prescrip- 
tion drug monitoring program was associated 
with a reduction in the prescri~oing of Schedule 
II opioids, opioids of any kind, and pain medica- 
tion overall (Exhibit 1). The implementation of a 
program also slightly increased the prescribing 
of non-opioid analgesics. However, the only sig- 

EXHIBIT ~. 

Effects of the impiemematim of a pre~ drag mo~to~ng ~ (POMP) on the 
prescribing of opioid analgesics and other pain medications 

¯ No monitoring program ¯ Monitoring program 

0.4 

._~ 0.3 

~- 0,2 

0.1 

Schedule II opioids Opioids Pain medication Nomoptoid analgesics 

(ME :-0.017") (ME :-0.015) (ME =-0.014) (Iv~ = 0,016) 

¯ ou~a Authors’ analysis of data for 2001 10 from tile National Ambulatory Medical Care Survey. 

No, us The data shown are predicted probabilities of receiving or continuing a prescription for an 

opioid analgesic or other pain medication at a pain related ambulatery care visit with and without a 

PDMR ~ whiskers represent 95% confidence intervals. Schedule II opioids are explained in the 

text. ME is the marginal effect of a PDMR ***p < 0.01 

nificant effect was on Schedule II opioid pre- 
scribing, in which there was a reduction in the 
probability of prescribing at an office visit with 
pain from 5.5 percent to 3.7 percent. This was a 
more than 30 percent reduction, relative to the 
rate of prescribing before implementation of a 
drug monitoring program. 

IFFICTS BY TIME SINCl IMPLBMBNTATION In 

our analysis that allowed the effect to vary with 
time since implementation of a prescription 
drag monitoring program, we found a reduction 
in Schedule II opioid prescribing of 2.1 percent- 
age points during the first six months of imple- 
mentation, 2.2 percentage points in months 
7-12, and 1.8 percentage points in months 19- 
24 (Exhibit 2). The effect was smaller and not 
significant at other times. Prescription drug 
monitoring programs were associated with a sig- 
nificant reduction (2.2 percentage points) in the 
prescribing of opioid analgesics of any kind in 
the first six months of implementation, but 
no subsequent reductions were significant. For 
overall pain medication prescribing, there was 
a significant reduction of 4.3 percentage points 
when a program was in its third year or later 
(Exhibit 3). 

Our sensitivity analysis that included all states 
indicated an overall reduction in the prescribing 
of Schedule II opioids in response to implemen- 
tation of a prescription drug monitoring pro- 
gram, although the effect was smaller than in 
the main analysis. An analysis that included all 
states and allowed the program effect to vary by 
time since implementation indicated a strong 
reduction in Schedule II opioid prescribing dur- 
ing the first year but not in subsequent time 
periods. Regression outputs for these sensitivity 
analyses are found in Appendix Exhibits A7 
and A8.23 

Discussion 
Our analysis of the NAMCS data suggests that the 
recent wave of implementations of prescription 
drug monitoring programs was associated with 
a sizable reduction in the prescribing of Sched- 
ule II opioids--the subset of prescription opioids 
deemed to be at the highest risk of misuse and 
abuse--while having limited effects on the pre- 
scribing of opioid analgesics of any kind and of 
other pain medicatio~ We also found that the 
effect of implementation on the prescribing of 
Schedule II opioids and all opioids was immedi- 
ate, and that after the first six months this effect 
remained strong for Schedule II opioids but was 
attenuated for opioids of any kind. 

It is possible that the implementation of a pre- 
scription drug monitoring program byitselfsub- 
stantially raised awareness among prescribers 
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about controlled substance misuse and abuse 
and made them more cautious when prescribing 
pain medications with a great potential for abuse 
and dependenc~. It is also possible that knowing 
that their prescrfoing was being =watched" de- 
terred them from prescrfoing Schedule II opioids 
to some extent. 0,03 

Our results also provide evidence that the ef- 
fect on Schedule II opioid prescln~oing was not ~     o.o2 
transient Following some attenuation after the ~ o.ol 

~L 
first year, the effect regained strength eighteen 
months after implementatiom This longer-term 
effect could be a result of increased use of drug 
monitoring programs over time, which is the 
mechanism by which such programs are ex- 
pected to work. 

It could also result from increased adoption of 
state policies and practices that govern the use of -0.05 
prescription drug monitoring programs in re- 
cent years. Prominent examples of these policies 
include mandating that prescribers register with 
prescription drug monitoring programs (poli- 
cies that had been adopted by twenty states as 
of June 2014),~ mandating that prescribers use 
the program in certain circumstances (adopted 
by twenty-two states as of June 2014),~ provid- 
ing unsolicited reports of patients’ questionable 
use of controlled substances to prescribers or 
reports of questionable prescribing practices 
to law enforcement officials or licensure boards 
(adolXed by twenty-six states to varying extents 
as of 2012),2’ and passing laws that authorize 
prescription monitoring program account hold- 
ers (prescm%ers) to delegate access to non- 
prescribing staff members in their practices 
(adopted by thirty-six states and implemented 
by twenty-eight by 2014).~ Because these poli- 
cies and practices were rapidly adopted after 0.06 
2012, it is unlikely that they alone accounted 
for the sustained effects of initial program im- 0.04 
plementation during our study period (2001- ~ 
10). The effectiveness of these policies needs ~ o.02 
to be further assessed as more recent data be- ~ 

come available, e~6 0.00 
The reduction in the prescribing of Schedule lI 

~ opioids associated with implementation of a -~ -o.02 
drug monitoring program is encouraging be- " 

cause it suggests that providers are moving away ~ -o.o4 
from prescribing opioid analgesics that have the m 

highest risks of abuse and dependency. Our ad- -o.06 
ditional analyses indicate that prescribing of 
Schedule III opioids, in contrast, did not change 
in a clinically or statistically significant way in 
response to implementation (Appendix Exhily 
it A9),z~ which dampens concerns that prescrib- 
ers may have substituted Schedule I. opioids 
for Schedule II opioids to some extent in their 
prescn~oing2° 

A major subclass of Schedule III opioids-- 

EXHIBIT 2 

Effects of a I~ drag monitoring IX~gram (PD~| on the ix~x~ibin~ of op~oid 

-*--Opiolds ¯ Schedule II opioids 

000 

-O.Ol 

-0.02 

7-12 13-18 19-24 

Months since PDMP implementation 

25 or more 

sou.¢- Authors’ analysis of data for 2001 10 from tho National Ambulato~ Medical Care Survey. 
.o~s The data shown are marginal effects of a PDMP o~ the probability of receiving a prescription 
for an opioid analgesic or a Schedule II opioid during a pain related ambulatory care visit by time 
intervals since PDMP impleme~tatior~ The whisk~s represent 95% confidence intervals. 

EXHIBIT | 

Effects of a pmscriptim drug monitodn~ ixo~ram (POkl)) m the ixescdbi~ of any pain 

--e- Non-opioid analgesics * Pain medication 

7-12 13-18 1~-24 

Months since PDMP implementation 

2.5 or more 

souaca Authors’ analysis of data for 2001 10 from the National Ambulatory Medical Care Survey. 
Novas The data shown are marginal effects of POMP on the probability of receiving a prescription 
for pain medication or a nonopioid analgesic during a pain related ambulatory care visit by time in 
tervals since implementation. The whiskers represent 95% confidence intervals. 
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cause it suggests that providers are moving away ~ -o.o4 
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ditional analyses indicate that prescribing of 
Schedule III opioids, in contrast, did not change 
in a clinically or statistically significant way in 
response to implementation (Appendix Exhily 
it A9),z~ which dampens concerns that prescrib- 
ers may have substituted Schedule I. opioids 
for Schedule II opioids to some extent in their 
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combination drugs containing hydrocodone, 

such as Vicodin and Lortab--was recently elevat- 

ed to the category of Schedule II by the Drug 

Enforcement Administration (DEA).31 The DEA 
made this change based on the belief that the 

looser control of and relative ease in obtaining 

long-term supplies of these medications have 

fueled the rapid increase in opioid use over time. 

Our analysis of the NAMCS data indicates that 

in 2010 hydrocodone-containing combination 

opioids were prescribed in close to 50 percent 

of all ambulatory visits with an opioid prescrip- 
tion and in 63 percent of ambulatory visits with 

a Schedule III opioid prescription (data not 

shown). It remains to be seen whether the pre- 

scribing of these drugs will decrease in response 

to the reclassification, and whether prescribers 

will access drug monitoring databases more fre- 

quently when prescribing these drugs than they 

did before the reclassification. 

It is worth noting that there might be substan- 

tial heterogeneity in how pain medication pre- 

scribing has responded or will respond to drug 

monitoring program policies across states. In an 

exploratory analysis in which we assigned spe- 

cific drug monitoring program implementation 

indicators to the seventeen states with at least 

a hundred observations both before and after 

implementation, we found that eight states (Ala- 

bama, California, Illinois, Indiana, Louisiana, 

Michigan, South Carolina, and Tennessee) had 

large reductions in the rate of Schedule II opioid 

prescribing (Appendix Exhibit A10),23 while the 

other nine states had effect sizes that were close 

to zero. Such heterogeneity is likely to increase 

with the recent wave of state mandates and other 

policies governing the use of prescription drug 

monitoring programs. 

Despite the almost universal implementation 

of drug monitoring programs among states, pre- 
scribers’ overall awareness and use of these pro- 

grams remained low.12’32’33 A recent report by 

the Prescription Drug Monitoring Program Cen- 

ter of Excellence at Brandeis estimated a median 

drug program registration rate of 35 percent 

among licensed prescribers who prescribed at 

least one controlled substance in the period 

2010-12)8 The limited effect of implementation 

that we found on overall opioid and pain medi- 

cation prescribing can be partly explained by this 

low take-up. However, states’ increasing adop- 

tion of policies and practices governing the use 

of prescription drug monitoring programs, such 

as their mandatory registration, use, or both and 

the delegating of access authority, could increase 

take-up and regular use among prescribers.7 

Conclusion 
Our analysis of national data reflecting point-of- 

care prescribing practices for pain medication 

indicated that states’ implementation of pre- 

scription drug monitoring programs during 

the period 2001-10 was associated with more 

than a 30 percent reduction in the rate of pre- 

scribing of Schedule II opioid analgesics. This 

effect was immediate following the launch of 

providers’ and dispensers’ access to a program 

database and was sustained in the second and 

third years afterward. As prescription drug mon- 

itoring program policy making has shifted from 

implementation to enhancement, future re- 
search is needed to evaluate the comparative ef- 

fectiveness of key policies and practices designed 

to promote the reach and effectiveness of these 

programs. ¯ 
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Enforcement Administration (DEA).31 The DEA 
made this change based on the belief that the 

looser control of and relative ease in obtaining 

long-term supplies of these medications have 

fueled the rapid increase in opioid use over time. 

Our analysis of the NAMCS data indicates that 

in 2010 hydrocodone-containing combination 

opioids were prescribed in close to 50 percent 

of all ambulatory visits with an opioid prescrip- 
tion and in 63 percent of ambulatory visits with 

a Schedule III opioid prescription (data not 

shown). It remains to be seen whether the pre- 

scribing of these drugs will decrease in response 

to the reclassification, and whether prescribers 

will access drug monitoring databases more fre- 

quently when prescribing these drugs than they 

did before the reclassification. 

It is worth noting that there might be substan- 

tial heterogeneity in how pain medication pre- 

scribing has responded or will respond to drug 

monitoring program policies across states. In an 

exploratory analysis in which we assigned spe- 

cific drug monitoring program implementation 

indicators to the seventeen states with at least 

a hundred observations both before and after 

implementation, we found that eight states (Ala- 

bama, California, Illinois, Indiana, Louisiana, 

Michigan, South Carolina, and Tennessee) had 

large reductions in the rate of Schedule II opioid 

prescribing (Appendix Exhibit A10),23 while the 

other nine states had effect sizes that were close 

to zero. Such heterogeneity is likely to increase 

with the recent wave of state mandates and other 

policies governing the use of prescription drug 

monitoring programs. 

Despite the almost universal implementation 

of drug monitoring programs among states, pre- 
scribers’ overall awareness and use of these pro- 

grams remained low.12’32’33 A recent report by 

the Prescription Drug Monitoring Program Cen- 

ter of Excellence at Brandeis estimated a median 

drug program registration rate of 35 percent 

among licensed prescribers who prescribed at 

least one controlled substance in the period 

2010-12)8 The limited effect of implementation 

that we found on overall opioid and pain medi- 

cation prescribing can be partly explained by this 

low take-up. However, states’ increasing adop- 

tion of policies and practices governing the use 

of prescription drug monitoring programs, such 

as their mandatory registration, use, or both and 

the delegating of access authority, could increase 

take-up and regular use among prescribers.7 

Conclusion 
Our analysis of national data reflecting point-of- 

care prescribing practices for pain medication 

indicated that states’ implementation of pre- 

scription drug monitoring programs during 

the period 2001-10 was associated with more 

than a 30 percent reduction in the rate of pre- 

scribing of Schedule II opioid analgesics. This 

effect was immediate following the launch of 

providers’ and dispensers’ access to a program 

database and was sustained in the second and 

third years afterward. As prescription drug mon- 

itoring program policy making has shifted from 
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fectiveness of key policies and practices designed 

to promote the reach and effectiveness of these 
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