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Abstract
The U.S. has addressed the opioid crisis using a two-front approach: state regulations lim-
iting opioid prescriptions for acute pain patients, and voluntary federal CDC guidelines 
on shifting chronic pain patients to lower opioid doses and non-opioids. No opioid policy 
research to date has accounted for this two-pronged approach in their research design. We 
develop a theory of physician prescribing behavior under this two-pronged incentive struc-
ture. Using the Medical Expenditure Panel Survey, we empirically corroborate the theory: 
regulations and guidelines have the intended effects of reducing opioid prescriptions for 
acute and chronic pain, respectively, as well as the predicted unintended effects—income 
effects cause regulations on acute pain treatment to increase chronic pain opioid prescrip-
tions and the chronic pain treatment guidelines spillover to reduce opioids for acute pain. 
Moreover, we find that the guidelines worked as intended in terms of the reduced usage, 
with chronic pain patients shifting to non-opioids and also tapering opioid doses. For those 
who discontinued opioids under regulations and guidelines, we find no harm in terms 
of increased work limitations due to pain a year after discontinuing opioids. Finally, we 
observe an unexplained dichotomy—regulations reduce opioid use by causing fewer new 
starts, whereas guidelines reduce opioid use by discontinuing current users, with no impact 
on new starts.
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Introduction

Opioid misuse is still a national crisis, costing an estimated $2.5 trillion between 2015 
and 2018 in increased medical spending, lost productivity, lives lost due to overdoses, 
and more (Council of Economic Advisors, 2019). With the onset of the economic and 
social stress of the COVID-19 pandemic, 700,000 more opioid deaths are expected 
over the next few years (Kang, 2020). Prescription opioids can be an important tool for 
managing pain; yet, improper prescribing, including excessive dosages (Manchikanti 
et al., 2017; Rosenberg et al., 2018; Rudd et al., 2016) or extended use (Edlund et al., 
2014; Paulozzi et al., 2014; Brat et al., 2018), has been an important contributor to the 
opioid crisis (Califf, 2016), and numerous state and federal efforts have been launched 
to alter physician prescribing practices (Adams & Giroir, 2019; Delcher et al., 2019). 
Due in part to these public efforts, the U.S. experienced a decline in prescription opi-
oid use beginning in 2012 and accelerating after 2015 (Bohnert et al., 2018; Olaughlin 
& Brantlye, 2018; Schieber et al., 2019).

These aggregate declines, however, have raised concerns that reductions affected 
populations for whom opioid use is appropriate and may have too often involved the 
abrupt discontinuation of use among patients with opioid dependencies (Dowell et al., 
2019). State and federal policy efforts have encountered difficult choices regarding 
what to do with opioid users with chronic pain. Almost all recent state opioid pol-
icy regulations that limit prescription opioid quantities have exempted patients with 
chronic pain from their regulations (National Conference of State Legislatures, 2019; 
Davis et  al., 2019). To specifically address patients with chronic pain, at the federal 
level the Centers for Disease Control and Prevention (CDC) released the “Guideline 
for Prescribing Opioids for Chronic Pain” in 2016 to deal with the concern that high 
dosages and long-term use of opioids for chronic pain can lead to opioid use disorder 
and its adverse health outcomes (Dowell et al., 2016). Expanding on earlier evidence 
from the Agency for Healthcare Research and Quality (AHRQ) on the low effective-
ness of opioids in treating chronic pain (outside of cancer care and palliative care), the 
CDC Guidelines recommended reduced use of opioids among those with non-cancer 
chronic pain, with a preference for non-opioid analgesics (Chou et  al., 2014). While 
previous research has shown that these federal and state regulations have played a 
key role in the recent aggregate reductions in opioid use (Kaestner & Ziedan, 2019; 
Olaughlin & Brantlye, 2018), we know very little about the differential impact of regu-
lations on patterns of opioid and non-opioid analgesic use for those with and without 
chronic pain.

In this paper, we use nationally representative data from AHRQ’s Medical Expendi-
ture Panel Survey (MEPS) to fill several key gaps in the literature on how public policy 
altered prescription opioid use. First, MEPS conditions data enable us to track trends in 
opioid prescriptions separately for adults with and without (non-cancer) chronic pain. 
Second, by following individuals across the two years they participated in the survey, 
we can trace the dynamics of prescription opioid use, including opioid initiation, con-
tinuation among new users, and persistence, tapering, and substitution of non-opioid 
analgesics among long-term opioid users with chronic pain. Third, because MEPS 
data are nationally representative and collected consistently over time, they allow us to 
examine the extent to which recent state and federal opioid prescribing policies were 
associated with changes in these dynamic patterns of opioid use.
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Background on the opioid epidemic

In 2000, the U.S. Congress passed H.R. 3244, establishing 2000–2010 as the “Decade of 
Pain Control and Research” (Brennan, 2015). The aim was to improve pain management, 
especially for chronic pain, which was often thought by many pain experts to be under-
treated during the 1990s. The Joint Commission on Accreditation of Healthcare Organiza-
tions (JCAHO) soon came out with new, more aggressive pain treatment standards requir-
ing physicians to assess pain along with other vital sign during medical visits, as the “Fifth 
Vital Sign.” The average consumption of opiates per patient quickly increased by 15% from 
2000 to 2002 at the Mayo Clinic, with the greatest increase in the post anesthesia care unit 
(PACU) (62%). This was hailed as an initial victory (Baker, 2017). However, this increase 
in opioids accelerated at a faster pace than ever expected. By the end of the decade in 2011, 
the CDC had to officially declare that the U.S. was in the midst of opioid epidemic. By 
2010, the MMEs (morphine milligram equivalents) prescribed per person was more than 
4 times as high as in 1999, 782 versus 180. Based on the Drug Enforcement Agency’s 
data, the typical prescription from 2006 to 2012 would have totaled 123 MME a day—an 
amount 37% above the maximum recommended by the CDC, 90 MME a day. Compared 
to a 20 MME dose per day, a 90 MME dose per day increases the risk of overdose death 
tenfold (Schuchat et al., 2017).

As a result, U.S. hospitalizations for opioid and heroin poisoning increased almost 
fivefold from 7000 in 2000 to 34,000 in 2011 (Song, 2017). Annual drug overdose deaths 
almost doubled from 19,800 in 2000 to 38,300 in 2010 and the increase in deaths has con-
tinued unabated. In 2019, there were 70,630 drug overdose deaths (Hedegaard et al., 2020), 
and by 2020, this has spiked to 90,000 annual deaths (Mattson et al., 2021). Roughly two 
thirds of the deaths are due to opioids, and one third of those opioid deaths are due to 
prescription opioids (Scholl et  al., 2018). While the other third of opioid deaths are due 
to heroin, nearly 80% of recent heroin users reported using prescription opioids prior to 
heroin (Lankenau et al., 2012; Cicero et al., 2014; Jones, 2013; Muhuri et al., 2013). The 
final third of opioid deaths are due to illicit synthetic opioids (e.g., fentanyl). These are 
often combined with prescription opioids. Deaths from this combination have increased 
five-fold from 0.3 deaths per 100,000 capita in 2013 to 1.5 deaths per 100,000 in 2019 
(Mattson et al., 2021).

This epidemic has multiple likely causes. Firstly, the Great Recession of 2008 has been 
blamed for creating an environment of despair ripe for opioid misuse. Sacks et al., (2019) 
report a positive association between county-level unemployment and opioid-involved 
overdose deaths—a 1-percentage-point increase in a county’s unemployment rate is asso-
ciated with a 0.19-person increase in the rate of opioids involved in overdose deaths per 
100,000. However, Bernard et al., (2020) found that the employed were more likely to start 
opioids. Also, the bulk of the opioid deaths occurred in large states with low unemploy-
ment rates. Overall, Currie and Schwandt (2020) conclude that economic distress did not 
cause the opioid epidemic.

What has received less attention as one main driving cause of the epidemic has basically 
been the creation of a new market–the chronic pain pharmaceutical market. Before the epi-
demic, there was no dearth of opioids for acute pain. In fact, in 1980, acute pain was so 
often treated with opioids that propoxyphene was the second-most dispensed prescription 
drug in the United States. The Carter White House declared, “Diversion, misuse, and abuse 
of legal drugs may be involved in as many as seven out of ten reports of drug-related injury 
or death” (Dasgupta et al., 2018). But, noncancer chronic pain was managed largely with 
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cognitive behavioral therapy, even hypnosis. Pain advocates began to recommend opioids 
for chronic pain on a long term basis. Addiction was not a concern due to a pair of influ-
ential studies that found little evidence of risk. A now infamous one-paragraph letter in 
the New England Journal of Medicine in 1980 found that among a large sample of 11,882 
hospitalized patients given opioids, only four developed addiction (Porter & Jick, 1980). 
Another paper found no opioid addiction among 10,000 burn patients (Perry & Heidrich, 
1982). Pain advocacy groups incorrectly assumed these acute pain results applied to out-
patient chronic pain patients. In 1990, the President of the American Pain Society wrote an 
editorial in the Annals of Internal Medicine creating the chronic pain treatment movement 
of the 1990s, citing the 1980 article to claim that the “therapeutic use of opiate analge-
sics rarely results in addiction” (Max, 1990). Amidst this environment, Purdue Pharma set 
out to create a chronic pain management market outside of cancer care for opioids (refer-
ence?). In 1990, facing expiration of the patent for their MS Contin opioid (time-released 
morphine), they created OxyContin (time-released oxycodone, which is 50% stronger than 
morphine). They marketed it as being rarely addictive, citing only the two 1980 studies 
above in their promotional material. In 1995, the FDA approved it with the label “safer 
than other opioids,” and addiction “very rare,” without any clinical evidence. OxyContin 
quickly became a blockbuster drug for chronic pain, with little competition. Withdrawals 
from the market of popular nonopioid analgesics (NSAIDs) because of cardiovascular risk 
and acetaminophen toxicity raised doubts about the effectiveness of nonopioid alterna-
tives (Dasgupta et al., 2018). And, due to the obesity epidemic, the incidence of noncan-
cer chronic pain was increasing dramatically. By 2011, the Institute of Medicine’s Report, 
Relieving Pain in America, claimed that “chronic pain affects about 100 million Ameri-
can adults—more than the total affected by heart disease, cancer, and diabetes combined.” 
While this was quite exaggerated, the FDA was even still using this statistic in 2014 for 
their press release for the approval of the opioid Zohydro.

The creation of this large, new chronic pain drug market was further fueled by extremely 
low drug prices. Between 2000 and 2016, the price of prescription opioids declined by 
45% due to generic entry. More importantly, between 2000 and 2010 the out-of-pocket 
price of opioids fell by 81%. This was mainly driven by the implementation of Medicare 
Part D in 2006. The number of potency-adjusted opioids per capita subsidized by Medicare 
increased by 2,400% between 2001 and 2010. In 2007, uninsured Americans could buy 
1 g of OxyContin for an average of $144. An uninsured person with an opioid use disorder 
consuming between 0.5 g and 1 g of OxyContin every day for a year would have had to 
spend between $26,280 and $52,560 in 2007—an amount that was than the median house-
hold income of about $50,000 in that year (in 2007 dollars). In contrast, a person enrolled 
in the new Medicare Part D in 2007 would have paid only $9.78 per gram, or between 
$1785 and $3570 per year to pay for the same level of consumption. Opioids had become 
very affordable (Council of Economic Advisors, 2020).

Unfortunately, opioids were not as safe as expected for treating chronic pain. Oxy-
Contin was intended to be continuously taken by chronic pain patients at the rate of two 
pills per day (Contin = continuous). However, OxyContin often only lasted 8 h, not 12 h 
(Keefe, 2017) Thus, by 2004, 20% of the prescriptions now gave 3 pills a day instead of 
2 a day. Many overdoses and deaths resulted. Purdue had marketed it to primary care 
physicians, who were not trained in pain management and addiction. By 2004, half of 
all OxyContin prescriptions were written by primary care physicians (Van Zee, 2009). 
The International Association for the Study of Pain (IASP) defines chronic pain as “pain 
that persists beyond normal tissue healing time, which is assumed to be three months.” 
However, we now know that, even for low doses, using opioids for more than three 
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months increases the risk of addiction 15-fold (CDC 2017). Between 8 and 12%percent 
of people using an opioid for chronic pain develop an opioid use disorder (Vowles et al., 
2015).

Moreover, it was becoming clear that opioids were not effective for noncancer chronic 
pain. For example, the 2014 National Institutes of Health Pathways to Prevention work-
shop found insufficient evidence “to determine the effectiveness of long-term opioid 
therapy for improving chronic pain and function” but did find evidence of a “dose-
dependent risk for serious harms” (Chou et al., 2015). These results were echoed in a 
2014 AHRQ Evidence Report (Chou et al., 2014). About the same time, the American 
Medical Association and the American Academy of Family Physicians voted to rescind 
their previous support of pain as the 5th Vital Sign (Ballantyne & Sullivan, 2015). In 
2016, the CDC issued the “Guideline for Prescribing Opioids for Chronic Pain,” with 
twelve main points directed toward primary care clinicians. Firstly, it stresses that opi-
oids are not first-line medications for the treatment of chronic pain. Nonpharmacologic 
therapy and nonopioid pharmacologic therapy are preferred for chronic pain. Secondly, 
if opioids are prescribed for chronic pain, they should rarely be increased above 50 
MME, avoiding going beyond 90 MME. Thirdly, the patient should be evaluated every 
three months. If the patient has not improved in pain and function by 30%, the opioid 
should be tapered and discontinued (Dowell et  al., 2016). The goal of the guidelines 
was to train primary care clinicians in treating chronic pain with opioids. According to 
a 2011 study, many medical schools at that time offered less than 5 h of training in pain 
management to their students (Mezei & Murinson, 2011). Only a third of physicians 
felt adequately trained to manage patients with chronic pain (Yanni 2010; Compton and 
Jones 2019).

The CDC Guideline did not address opioids for acute pain. At about the same time there 
were several State regulations to limit the supply of opioids for acute pain. To reduce lefto-
ver opioids, at least 35 states have now implemented limits that restrict either the duration 
or number of doses in opioid prescriptions for acute pain (Chua & Kimmel, 2020). Next, 
a Prescription Drug Monitoring Program (PDMP) is a centralized database containing a 
record of all of a patient’s prescription opioids. PDMPs are designed to increase the sharing 
of information across providers who may potentially prescribe opioids to the same patient. 
By 2017, all states had a PDMP. However, only thirteen states had a comprehensive PDMP 
mandate, which must meet the following criteria as defined by Wen et  al., (2019): “All 
providers…are subject to the mandate; providers are required to check the program upon 
initial prescribing and at least every twelve months…; and providers are not allowed to 
rely on their own judgment to determine whether it is necessary to check the program in 
individual cases.” Finally, several states have implemented Pill Mill laws. These laws set 
up strict regulations on physicians having more than 50% of their patients on opioids (e.g., 
“pill mills”). They are required to operate as a regulated, licensed pain management clinics.

All of these state regulations have had some impact on reducing the opioid crisis. See 
Maclean et al., (2020) for a review of the economic evidence. Overall, dispensing of opioid 
prescriptions has declined 43% from the peak in 2012 at 81.3 per 100 persons to 46.7 per 
100 in 2019 (CDC 2020). This was accompanied by a 41% decline in the overdose death 
rate for prescription opioids not combined with illicit synthetic opioids, from 4.1 deaths per 
100,000 people in 2013 to 2.4 deaths per 100,000 in 2019 (Mattson et al., 2021). However, 
what has not been studied by the literature has been the relative magnitude in the decline in 
opioids for chronic pain versus acute pain. Nor have researchers examined the differential 
impact of the CDC guidelines and state regulations on opioids for both chronic and acute 
pain during the opioid epidemic. This is the topic that we address in this paper.
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Theoretical model

Here we develop a simple theoretical model to guide our empirical examination of how 
state regulations and federal CDC guidelines might impact physician prescribing behavior 
for opioids. We adapt the seminal physician model of Ellis and McGuire (1986) to opi-
oids by introducing two quantities: qa the quantity of opioid prescriptions for the doctor’s 
acute pain patients, and qc, the quantity of opioid prescriptions for the doctor’s chronic pain 
patients. The physician will select qa and qc to maximize her utility over profit and patient 
welfare, U(profit, welfare):

where πi is the physician’s profit on the quantity of opioid prescriptions qi and Vi is the 
aggregate value the patients get from such a quantity (i = a, acute pain; i = c, chronic pain). 
Note that the physician may increase qi by either writing another prescription to continue 
a patient on opioids, or by starting a new patient on opioids. R is state regulation on the 
prescribing of opioids for acute pain, and G are CDC guidelines on prescribing for chronic 
pain. R is defined on [0,1], indexing the strictness of state regulations on opioid prescrib-
ing for acute pain, such that the profit πa on acute pain patients declines in R. For example, 
as state limits on opioid quantities for acute pain become more severe, it is more costly for 
the physician in time and effort to try to increase quantities. G is defined on [0,1], index-
ing the persuasiveness of the CDC Guidelines on opioid prescribing for chronic pain. That 
is, we assume that as G increases, Vc declines, in the sense that the physician sees that the 
patient’s value from the opioids is less than she previously thought (e.g., the risk of addic-
tion is larger than previously thought).

Assumptions  For simplicity, we will also assume that the corresponding marginal profit 
and marginal value are also declining or constant in the policies: d2πa/dqadR <  = 0 and 
d2Vc/dqcdG <  = 0. We assume that utility U is concave, with U11 < 0 and U22 < 0. For sim-
plicity, we assume separable utility, U12 = 0 (all results below hold more generally for com-
plements, U12 >  = 0). We also assume that π and V are concave with an existing maximum 
(e.g., at high levels of q, V declines, reflecting the risks and harms of addiction). Define qi’ 
to be the quantity that maximizes πi, and define qi’’ to be the quantity that maximizes Vi. 
Let qa* and qc* be the optimal quantities that maximize the overall physician utility U in 
(1), solving the first order conditions below:

Next, assume simple profit specifications: �a(q,R) = pq − Rbc(q) and �c(q) = pq − bd(q) 
for reimbursement p, cost parameter b > 0, and convex cost functions c and d. Then we 
have the following result.

Proposition 1  If reimbursement is high enough and/or costs low enough, the physician will 
overprescribe opioids: qi’’ < qi* for i = a,c.

Proof  By concavity of profit, qa’ will solve c’(q) = p/bR and qc’ will solve d’(q) = p/b. By 
convexity of c and d, we have c’ and d’ increasing in q, so that qi’ is increasing in the ratio 
p/b. Thus, for a given qi’’, i = a,c, there is a p large enough or b low enough, such that the 
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ratio p/b is large enough so that qi’ > qi’’ for i = a,c. From (2) we see that qi* is a weighted 
average of qi’ and qi’’. Thus, qi’ > qi’’ implies that qi’ > qi* > qi’’ for i = a,c. That is, we then 
have overprescribing at qi* for i = a,c.

Comparative statics in an overprescribed State of the World

Let us assume we are in an overprescribed state of the world as in Proposition 1 (equivalent 
to assuming qi’’ < qi’ for i = a,c). In this “overprescribed” state of the world, we then ask 
what happens to optimal opioid quantities qi* when we increase the regulation R on acute 
pain and increase guidelines G on chronic pain. First, define mi =

−𝜕2U

𝜕qi𝜕qi
> 0 , i = a,c. Then, 

totally differentiating (2) and using the Implicit Function Theorem, we have the following 
four policy comparative statics in R and G at qi*, i = a, c, in (3)–(6) below. To sign the ine-
qualities in these comparative statics, note that at qi* we are in a state of the world where 
physicians are “overprescribing” (beyond the maximum for V) but not quite yet maximiz-
ing profit: qi’’ < qi* < qi’ for i = a,c. This will then imply due to concavity that 𝜕𝜋i

𝜕qi
> 0 and 

𝜕Vi

𝜕qi
< 0 at qi*, i = a, c.

These comparative statics reveal three incentive effects of regulations and guidelines:

Direct effects

These are the intended effects as seen in (4) and (5). Regulations on acute pain opioids will 
cause quantities to decline for acute pain (if income effects (U11) are low) in (4). And, in 
(5), guidelines on opioids for chronic pain will cause opioids to decline for chronic pain. 
However, (3), (4), and (6) also reveal two unintended effects of regulations and guidelines:

The income effects of regulations

Firstly, in (3), regulations on acute pain opioids will increase opioids for chronic pain. 
This is due entirely to income effects (U11). That is, when profits are pinched on acute 
pain opioids due to the regulations, physicians increase opioid volume for chronic pain 
in order to maintain a certain level of income. This behavior was first noted in general by 
McGuire and Pauly (1991) (albeit, in the context of volume increasing after reimbursement 
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decreases). There is also an income effect on acute pain opioids in (4), where we see that 
the acute pain quantity of opioids will decrease with regulation R if the income effect U11 
is small (close to 0). However, if the income effect is large, it can be the case that doctors 
actually increase the quantity of acute pain opioid prescriptions as regulation R increases. 
Overall, the empirical implication of these income effects is that physicians will increase 
new opioid starts or continuations (refills) for chronic pain patients, as well as possibly for 
acute pain patients, as state regulations become more severe on acute pain opioids.

The spillover effects of guidelines

As the perceived value of opioids declines for chronic pain patients due to the new infor-
mation in the guidelines, the quantity of opioids for chronic pain declines in (5). This is the 
intended direct effect of guidelines on the management of chronic pain. However, guide-
lines also have a spillover effect on how physicians deal with acute pain, causing them 
to decrease opioids for acute pain as well, as seen in (6). Intuitively, the guidelines cause 
a direct decrease in chronic pain opioids due to the doctor learning that the chronic pain 
patient’s benefits Vc were less than expected. As a result, the doctor would prefer a com-
pensating rise in Va, (akin to the income effect of wanting to increase the profits on the 
unregulated drug). To accomplish this, the doctor surprisingly does not increase qa. Recall 
that we are in an overprescribed state of the world where qa* is larger than qa’’, the opti-
mum of Va. Thus, to increase Va, one has to decrease qa down from qa* towards qa’’. This 
explains the spillover effect on acute pain opioids.

Comparing (3) and (5), we see that regulations increase chronic pain opioids, while 
guidelines decrease them, leaving the net effect, when both policy levers are applied, 
in doubt. In contrast, comparing (4) and (6), both regulations and guidelines will likely 
decrease opioids for acute pain, unless there is a large income effect. Moreover, if there is 
a large income effect and the inequality in (4) is positive, we have the unusual case in (3) 
and (4) where the regulations cause opioids to increase for both acute pain and chronic pain 
patients. Thus, the actual impact of regulations and guidelines on opioids for both chronic 
pain and acute pain is an open question that we will next examine empirically.

Data and methods

We will use nationally representative data to estimate the effect of state regulations and 
the CDC guidelines as predicted by the theory model. Moreover, if there are direct effects 
in terms of reduced opioid use, we will examine if this was accomplished with tapering of 
opioid doses and by shifting to non-opioids, as well as if opioid discontinuations resulted 
in harm in terms of increased work limitations due to more pain the year after stopping.

The data come from the 2013–2017 Medical Expenditure Panel Survey-Household 
Component (MEPS-HC), sponsored by AHRQ. The MEPS-HC is a 2-year rotating panel 
of households designed to yield nationally representative estimates of health care expen-
ditures for the civilian, non-institutionalized population (Cohen, 2000). We use the two-
year longitudinal files for Panels 18–21, which enable national estimates of person-level 
changes in health care utilization across each two-year period. The pooled sample includes 
48,509 adults; we exclude 1474 adults who do not have two years of data (3.0%). We fur-
ther exclude 2439 adults with cancer (5.1%), leading to a final sample of 44,596 adults.
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Chronic pain treatment

We identify adults treated for conditions associated with chronic pain using the Weitz-
man Quality Institute algorithm based on ICD-9-CM condition codes (Tian et al., 2013). 
This algorithm was used with MEPS data in prior research to examine opioid use among 
adults treated for conditions associated with chronic pain (Bernard et  al., 2019). The 
most commonly treated conditions associated with chronic pain are back problems 
(59%), osteoarthritis and other non-traumatic joint disorders (21%), and systemic lupus 
and connective tissues disorders (20%). Starting in 2016, MEPS transitioned to ICD-
10-CM codes. There is no structural break in the chronic pain trend from 2014 to 2017 
due to the transition to ICD-10, as shown in Appendix  1 Table  1. Our final sample 
includes 4982 adults with chronic pain treatment and 39,614 with no chronic pain treat-
ment in the current year. We will refer to non-chronic pain as acute pain.

Policy variables

There are two key policy variables. The first is an indicator for the CDC Guidelines 
released in March 2016, which assigns a value of 1 for 2016 and 2017 and 0 for 2014 
and 2015. The second is an indicator for state regulations, which assigns all observa-
tions in a given state a value of 1 for the year it is implemented and all subsequent years, 
and 0 for years before implementation. Appendix 1 Table 2 lists the state regulations. 
Thirteen states had a comprehensive Prescription Drug Monitoring Programs (PDMP) 
mandate, which met the criteria defined by Wen et al. (2019) Appendix 1 Table 2 (Wen 
et al., 2019). Eleven states had Pill Mill laws, which impose state oversight over pain 
clinics (Rutkow & Vernick, 2017). Seventeen states had caps on the quantity of opioids, 
with fifteen limiting the first prescription to a seven-day supply.

Empirical methods

Policies can decrease opioid use either by decreasing the number of new starters or by 
decreasing the number of persisters, as examined below.

Adults with acute pain

(1)	 New starts (initiation) of prescription opioids using data from the second or “current” 
year of MEPS on opioid naive persons (i.e., those with no observed prescription opioid 
use in the first or “prior” year of MEPS), we examine the likelihood of three choices 
in the second year:

a.	 filling at least one opioid prescription,
b.	 use of a prescribed non-opioid analgesic-only, or
c.	 no prescribed opioids or non-opioids at all.
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(2)	 Persistence of prescription opioids among those who began prescription opioid use in 
the first half of the prior year (their first year in MEPS), we examine three choices:

a.	 the continued use of prescription opioids in the second year of MEPS,
b.	 discontinuing prescription opioids and using a prescribed non-opioid analgesic, or
c.	 discontinuing prescription opioids and using no prescribed non-opioids at all.

In both cases, we estimate multinomial logit regressions (See Appendix 1-Methods for 
details). Following AHRQ 2020 recommendations, we code non-opioid analgesics using 
the following drug therapeutic classes from the 2018 Redbook: nonsteroidal anti-inflam-
matory drugs (NSAIDs), muscle relaxants, anticonvulsants, corticosteroids, antidepres-
sants, and antiarrhythmics (Ryder and Stannard 2005; AHRQ 2020a).

Adults with chronic pain

(1)	 New starts (initiation) of prescription opioids as in the case for those with acute pain, 
for opioid naive persons with chronic pain, we estimate a multinomial logit regression 
for the likelihood of the three choices: filling at least one opioid prescription in the 
second year, use of a prescribed non-opioid analgesic, or no prescribed analgesics at 
all.

(2)	 Persistence of prescription opioids as for adults without treatment for chronic pain, we 
examine data from the second or “current” year of MEPS for persons with prescribed 
opioid use in the first or “prior” year of MEPS. In this instance, however, we first exam-
ine all persons with chronic pain who had any year 1 use. We then focus more narrowly 
on “long term users” (those whose opioid use began prior to the start of MEPS). We 
use these samples to estimate multinomial logit regressions for the likelihood of the 
three choices: continued use of prescription opioids, discontinuing prescription opioids 
and either using a prescribed non-opioid analgesic or no prescribed analgesics at all.

(3)	 Tapering of prescription opioid use among long-term users here, we subset to chronic 
pain patients with prescription opioid use in both years of MEPS and whose use 
began prior to MEPS. For these long-term users, we measure tapering as the within-
person%%age drop in their number of annual opioid prescription fills between years 1 
and 2. We also examine tapering as changes in the distribution of annual (cumulative) 
MME (Morphine Milligram Equivalents) across long-term users, using two annual 
MME categories: below 700, and above 3000. We first focus on 700 MME since the 
CDC has determined that, for a new user, this is the critical point at which the prob-
ability of continuing opioids for one and three years has the largest incremental increase 
(Shah et al., 2017). The 3000 MME threshold approximately splits the remaining 
sample in half. For estimating the probability of using less than 700 MME (or more 
than 3000 MME), we use logit regression analysis. For the effect on the within-person 
change in number of opioid fills from years 1 to 2, we use linear regression analysis.

Finally, for both acute and chronic pain, we examine people who stopped opioids in year 
1 to see if in year 2 they had worse, same, or less work limitations due to pain compared to 
year 1. We estimate this change in limitations with a multinomial logit on three outcomes 
(less limitations, the same limitations, or more limitations) among those who took opioids 
in year 1. The key independent variables are stopping opioids in year 1 interacted with state 
regulations and with the CDC guidelines. See Appendix 1 for method details.
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All models control for the following year 2 variables: time trend, age, age squared, 
sex, race/ethnicity, pain limitations in work, insurance status, priority chronic conditions, 
mental health status, hopelessness, surgery, obesity, pregnancy, smoking, marital status, 
employment, poverty, education, and rural. We also include state fixed effects. All results 
are weighted to represent the U.S. civilian non-institutionalized population. Descriptive 
statistics are reported in Appendix 2 Tables 3 and 4. All regression results are reported in 
Appendix 2. All analyses were conducted using svy commands in Stata 16, adjusting the 
standard errors for the complex survey design.

Results

From 2014 to 2017, on average there were 28.2 million adults with chronic pain in a given 
year, accounting for 12.2% of the civilian non-institutionalized population. From 2014 to 
2017, for those without chronic pain, opioid use (as any use in the year) declined 23% from 
10.2 to 7.9%. Opioid use among those with chronic pain declined 14% from 39.9 to 34.0%. 
And, among long-term (past multi-year) users with chronic pain, opioid use declined by 
8% from 92.6 to 85.0% (Data Not Shown).

Impact on opioids

In Figs. 1 through 4, the right-hand side columns show the effect of guidelines and state 
regulations on opioid use.

Fig. 1   The effects of state regulations and the CDC guidelines on starting opioids versus using only non-
opioids among adults with acute pain, 2014–2017. Nationally representative estimates of the effects of the 
2016 CDC guidelines and state regulations (caps on number of prescription, pill mill laws, and comprehen-
sive PDMPs) on current year opioids use or non-opioids analgesics-only among adults with acute pain with 
no opioids in prior year, excluding cancer patients. See Appendix 2 Table 5 for full state-fixed multinomial 
regression. *** (**) (*) statistically significant difference compared to the no state regulations/no guide-
lines case at the p < 0.01 (p < 0.05) (p < 0.1) level. Sources: Authors’ calculations using MEPS
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Adults with acute pain

Figure 1 shows that among adults with acute pain and without opioid use in the prior 
year, the state regulations (red bars) were associated with a 1.6% point decline (from 
7.9 to 6.3%, p = 0.03) in the percentage of people starting new opioid use, compared to 
the counterfactual with neither CDC Guidelines nor state regulations (blue bars). These 
results are consistent with Sacks et al., (2019) who show that most of these state regu-
lations limiting opioid use affected initial prescriptions. There was no statistically sig-
nificant association between the CDC Guidelines and initiation of prescribed opioids for 
adults without chronic pain.

Figure  2 shows prescription opioid persistence among adults with acute pain who 
initiated opioid use during the first half of the prior year (their first year in MEPS). 
The CDC Guidelines (green bars) were associated with a 12.4% point reduction in the 
frequency of prescription opioid use in the second year of MEPS (from 28.6 to 16.2%, 
p = 0.001).

Overall, Fig. 2 corroborates our theory section result on the spillover effect in (6)—
the CDC guidelines on chronic pain spilled over to reduce opioids for acute pain by 
increasing discontinuations (p < 0.01). Moreover, Fig. 2 demonstrates the dominating of 
the income effect in (4) as discussed in the theory section. In particular, the state regula-
tions were associated with a 32% increase in opioid continuations from 28.6 to 37.8% 
for acute pain (p = 0.09).

Fig. 2   The effects of state regulations and the CDC guidelines on discountinuing opioids and using non-
opioids analgesics after starting opioids among adults with acute pain, 2014–2017. Nationally representa-
tive estimates of the effects of the 2016 CDC guidelines and state regulations (caps on number of prescrip-
tion, pill mill laws, and comprehensive PDMPs) on the percent of prior year opioids users (starting in first 
half of the prior year) who discontinue opioids in the current year with nothing else used, or with non-opi-
oids analgesics only, or continue with opioids, for those with acute pain, excluding cancer patients. See full 
state fixed effect multinomial logit regression result in Appendix 2 Table 7. *** (**) (*) statistically signifi-
cant difference compared to the no state regulations/no guidelines case at the p < 0.01 (p < 0.05) (p < 0.1) 
level. Sources: Authors’ calculations using MEPS
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Adults with chronic pain

Similar to the case for adults without chronic pain, Fig. 3 suggests that state regulations 
may have been associated with a 4.9% point decline in new starts among adults with 
chronic pain, although these results were not significant (p = 0.14). As was also the case for 
adults without chronic pain, the CDC Guidelines did not appear to affect new starts for this 
group.

The CDC Guidelines were associated with large declines in the rate of prescription opi-
oid persistence. Figure 4 shows that among adults with chronic pain who had opioid use in 
the prior year, the CDC Guidelines were associated with an 11.4% point decline in the per-
cent continuing with opioids into the current year (from 74.3 to 62.9%, p = 0.07), compared 
to the counterfactual with neither CDC Guidelines nor state regulations. Finally, in Fig. 4, 
we do see partial evidence of the income effect predicted in (3) in the theory section: an 
increase of 3.3% points for continuations for chronic pain due to state regulations, but the 
latter effect is not statistically significant (p = 0.45).

Impact on non‑opioids

Adults without chronic pain

In Fig. 1, the 1.6% point decline (from 7.9 to 6.3%, p = 0.03) in the percentage of people start-
ing new opioid use was accompanied by a 1.7% point increase (from 18.5 to 20.2%, p = 0.07) 
in those taking non-opioid analgesics instead of starting opioids. In Fig. 2, a little more than 

Fig. 3   The effects of state regulations and the CDC guidelines on starting opioids versus using only non-
opioids among adults with chronic pain, 2014–2017. Nationally representative estimates of the effects of 
the 2016 CDC guidelines and state regulations (caps on number of prescription, pill mill laws, and com-
prehensive PDMPs) on current year opioids use or non-opioids analgesics-only among adults with chronic 
acute pain with no opioids in prior year, excluding cancer patients. See Appendix 2 Table 5 for full state-
fixed multinomial regression. *** (**) (*) statistically significant difference compared to the no state reg-
ulations/no guidelines case at the p < 0.01 (p < 0.05) (p < 0.1) level. Sources: Authors’ calculations using 
MEPS
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half of the 12.4% point reduction in persistence was due to an increase (from 49.4 to 56.4%) 
in adults who discontinued opioids and used no prescription pain relievers at all, with the 
remainder reflecting an increase (from 22.0 to 27.4%) in adults who used non-opioid anal-
gesics instead of opioids. In terms of relative risk ratios, adults without chronic pain under 
CDC Guidelines had 186% (p = 0.02) higher relative risks of taking a non-opioid-only over 
continuing opioids compared to if there were no CDC Guidelines (not shown). However, this 
group likely did not substitute non-opioid analgesics for opioids since they maintained a con-
stant number of non-opioid prescription fills (6.6) per year in years 1 and 2 (not shown).

Adults with chronic pain

In Fig. 3, offsetting the 4.9% point decline in new starts was a 5% point increase in the use 
of no pain medications, although again this was not statistically significant (p = 0.15). In 
terms of relative risk ratios, adults with chronic pain under state regulations had 37.2% 
(p = 0.08) lower relative risks of choosing a new start over no analgesics compared to if 
there were no state regulations (not shown). As was also the case for adults without chronic 
pain, the CDC Guidelines did not appear to affect new starts for this group.

In Fig. 4, in addition to the CDC Guidelines being associated with an 11.4% point decline 
in the percent continuing with opioids (from 74.3 to 62.9%, p = 0.07), the Guidelines were 
also associated with an 11.7% point increase in the use of non-opioid analgesics (without opi-
oids) (from 17.7 to 29.4%, p = 0.03). This was a 66.1% increase in non-opioid-only analgesics 
use after prior-year opioid use. Among these non-opioid users, there was an increase in the 
annual number of non-opioid fills of 1.5 from 8.1 to 9.6 between years 1 and 2 (not shown) 
(p < 0.01). Thus, the opioid discontinuations may partially substitute into non-opioids.

Fig. 4   The effects of state regulations and the CDC guidelines on discountnuing opioids and using non-
opioids analgesics among adults with chronic acute pain, 2014–2017. Nationally representative estimates 
of the effects of the 2016 CDC guidelines and state regulations (caps on number of prescription, pill mill 
laws, and comprehensive PDMPs) on the percent of prior-year opioids users discontinue opioids in the cur-
rent year with nothing else used, or with non-opioids analgesics only, or continue with opioids, for those 
with chronic pain, excluding cancer patients. See full state fixed effect multinomial logit regression result in 
Appendix 2 Table 7. *** (**) (*) statistically significant difference compared to the no state regulations/no 
guidelines case at the p < 0.01 (p < 0.05) (p < 0.1) level. Sources: Authors’ calculations using MEPS
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The sample for Fig. 4 includes adults with chronic pain who had prior year prescription 
opioid use. To further examine opioid use patterns for long-term users, we subset to those 
with prescription opioid starts that predated their MEPS participation. Our estimates for 
continuing opioids versus switching to only non-opioid analgesics yield results for long-
term users that are stronger than those in Fig. 4. In particular, while the CDC Guidelines 
were again associated with increased discontinuation (p = 0.081) and substitution into non-
opioid analgesics (p = 0.047), less than one percent of long-term users discontinue opioids 
and go without any prescribed pain relief (not shown). For this long-term user group, there 
was a 131.4 percent increase (from 8.6 to 19.9%) in non-opioid-only analgesic use associ-
ated with the CDC Guidelines [an effect that was twice as large as the 66% increase for all 
users (Fig.  4)]. Moreover, long-term users increased their number of annual non-opioid 
analgesic fills by 1.3 from 11.9 to 13.2 (p < 0.001) between years 1 and 2 (not shown).

Impact on non‑stoppers: tapering

Nevertheless, most long-term users continued opioids into the current year. For this subset 
of adults, representing on average 17.4% of all those with chronic pain, the CDC Guidelines 
were associated with increased tapering of the number of opioid fills between the prior and 
current years (results are summarized below, not shown in tables). Under the CDC Guide-
lines, a majority of these long-term users (53.9%) tapered fills, compared to 34.8 percent if 
there were neither CDC Guidelines nor state regulations (p = 0.023). On average, the CDC 
Guidelines were associated with a drop of two opioid prescriptions between years 1 and 2, 
within-person, from 9.6 to 7.6 prescriptions annually (p = 0.083). The share of long-term 
users with chronic pain using less than 700 annual MMEs increased from 14.4 to 26.2 
percent under the CDC Guidelines, compared to no Guidelines and no state regulations 
(p = 0.076). The CDC Guidelines were associated with only a small decline in the share 
of long-term users with chronic pain using more than 3000 annual MMEs, from 55.9 to 
53.8% (a difference that is not statistically significant). Overall, state regulations had no 
impact on tapering among long-term users with chronic pain. An open question is whether 
tapering was also associated with substitution toward non-opioid analgesics. We cannot 
accurately measure this concurrent use of non-opioids and opioids since many opioid pills 
already come combined with a non-opioid analgesic.

Impact on stoppers: work limitations due to pain

For patients who discontinued opioids, it may be the case that the guidelines and state reg-
ulations caused patients to stop opioids “too early.” In Figs. 5 and 6, we try to measure this 
by examining whether their work limitations due to pain actually increased the year after 
they stopped opioids (relative to limitations in the prior year). Work limitations refer to 
pain interfering with normal work, ranging from 1 (not at all) to 5 (extremely). In Fig. 5, 
for acute pain, we see that in the year after stopping opioid, work limitations were not exac-
erbated by stopping opioids under regulations or guidelines compared to the counterfactual 
of no guidelines or regulations. However, in Fig. 6, for people with chronic pain, the stop-
ping attributable to the guidelines was associated with fewer people having a decline or no 
change in work limitations in the following year (relative to the prior year) compared to 
the counterfactual of no guidelines and no regulations. Work limitations did increase for 
24.8% of them, but this was not statistically significant different from the 17.3% under the 
counterfactual. In contrast, the stopping attributable to the state regulations was associated 
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Fig. 5   Work limitation due to pain after discontinuing opioids under state regulations and the CDC guide-
lines among adults with acute pain, 2014–2017. Nationally representative estimates of the  effects of the 
2016 CDC guidelines and state regulations (caps on number of prescription, pill mill laws, and compre-
hensive PDMPs) on the change in work limitation due to pain from year 1 to 2 year among adults with 
acute pain and opioid use in prior year, excluding cancer patients. Stopping is interacted with guidelines 
and regulations. See Appendix 2 Table 13 for full state-fixed multinomial regression. *** (**) (*) statisti-
cally significant difference compared to the no state regulations/no guidelines case at the p < 0.01 (p < 0.05) 
(p < 0.1) level. Sources: Authors’ calculations using MEPS

Fig. 6   Work limitation due to pain after discontinuing opioids under state regulations and the CDC guide-
lines among adults with chronic pain, 2014–2017. Nationally representative estimates of the effects of the 
2016 CDC guidelines and state regulations (caps on number of prescription, pill mill laws, and compre-
hensive PDMPs) on the change in work limitation due to pain from year 1 to year 2 among adults with 
chronic pain and opioid use in prior year, excluding cancer patients. Stopping is interacted with guidelines 
and regulations. See Appendix 2 Table 13 for full state-fixed multinomial regression. *** (**) (*) statisti-
cally significant difference compared to the no state regulations/no guidelines case at the p < 0.01 (p < 0.05) 
(p < 0.1) level. Sources: Authors’ calculations using MEPS
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with a large drop in work limitations the following year, with 47.8% of stoppers under state 
regulations versus 34.7% of stoppers in the counterfactual experiencing less limitation due 
to pain. This may be a manifestation of the income effect in (3) in our theory section that 
was corroborated by the data, where we saw that physicians react to state regulations by 
decreasing new starts on acute pain and increasing continuations on chronic pain patients. 
If this is indeed happening, then the chronic pain patients that these doctors select to con-
tinue with opioids are likely the sicker patients, and those that discontinue in this scenario 
may be healthier than average. Thus, we observe decreased work limitations the year after 
for these “selection-biased” stoppers. Overall, we have a mixed picture for patients with 
chronic pain. We cannot say that the guidelines and regulations significantly harmed stop-
pers by stopping them too early, but clearly this should be studied in future research.

Discussion

Our research lies at the intersection of two growing literatures. One line of research 
employs cohort studies to examine the dynamics of opioid use, using either household sur-
vey data or clinical samples of convenience (Alghnam & Castillo, 2017; Heins et al., 2016; 
Hoppe et al., 2015). The other examines the determinants and consequences of the pub-
lic interventions that reduced aggregate prescription opioid use (Adams & Giroir, 2019; 
Schieber et al., 2019; Olaughlin et al., 2018; Bernard et al., 2019; Haffajee et al 2018; Bao 
et al., 2018; Wen et al, 2017; Hincapie-Castillo et al., 2020). Ours is the first study to exam-
ine how public interventions at the federal and state levels may have affected the dynamics 
of opioid use. Of particular importance, we stratify our analysis based on the presence or 
absence of (non-cancer) chronic pain. Our research yields 6 main findings:

(1)	 Direct effects. State regulations were associated with decreased prescribed opioid initia-
tion for adults without chronic pain. The CDC Guidelines were associated with reduced 
persistence of prescribed opioid use for adults with chronic pain.

(2)	 Income effects. State regulations were associated with increased prescribed opioid 
continuations for adults with and without chronic pain, corroborating the presence of 
physician income effects as predicted by the theory.

(3)	 Spillover effects. The CDC Guidelines were associated with reduced persistence of 
prescribed opioid use for adults with acute pain, corroborating the spillover effect of 
guidelines predicted by the theory.

(4)	 Non-opioid substitution. The CDC Guidelines were associated with a corresponding 
increase in non-opioid-only analgesic use among opioid-discontinuing adults, with 
some degree of non-opioid substitution for those with chronic pain.

(5)	 Tapering. Among long-term opioid users with chronic pain who continued to use pre-
scription opioids, the CDC Guidelines were associated with a tapering in the number 
of annual opioid prescription fills and with a shift towards lower annual MME.

(6)	 Harm. People attributed to stopping opioids due to the CDC guidelines were more 
likely to have elevated, but statistically insignificant work limitations due to pain a 
year after stopping (compared to the year before). People attributed to stopping opioids 
due to state regulations were more likely to have less pain limitations than the year 
before stopping compared to stoppers under no state regulations and before the CDC 
guidelines.
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Taken together, these results indicate that the guidelines and regulations did work as 
predicted by theory, both in terms of anticipated outcomes and in terms of unintended 
effects, both good and bad. However, these incentives were displayed in unexpected ways. 
The bulk of the incentives were manifested in terms of opioid continuations or discontinu-
ations. The only incentive working through initial starts were state regulations and their 
direct impact on acute pain starts. Future research should examines why this is the case.

One limitation of our research is that while the MEPS contains detailed informa-
tion on prescribed medicines, it does not ask questions regarding illicit use. If dis-
continuation or tapering among long-term users of prescription opioids was associated 
with increased illicit use, that would be an unfavorable outcome that is not measured 
in MEPS. Another limitation is that while MEPS supports analysis of year-to-year 
changes in opioid use, it is not really designed to capture within-year, month-to-month 
variation in use that would help to determine whether discontinuations between the two 
years of MEPS were managed with an appropriate degree of tapering. As noted in our 
Introduction, important concerns were raised about abrupt discontinuations for persons 
with chronic pain, and in some cases opioid dependencies, due to the federal and state 
interventions to alter opioid prescribing during our study period. In response, HHS in 
2019 released a new guide for clinicians on appropriate dosage reduction and discon-
tinuation of long-term opioid analgesics for persons with chronic pain. In 2020, AHRQ 
released the Six Building Blocks Program for improving the care of long-term opi-
oid users, including a self-service how-to guide for clinicians (AHRQ 2020b). Future 
research using more detailed claims data may prove helpful in tracking the impact of 
policy interventions on the within-year dynamics of opioid prescribing.

Our results on the CDC Guidelines give much hope that long-term chronic pain 
opioid users can be successfully shifted off opioids and onto non-opioid analgesics. 
However, the CDC Guidelines were not successful at reducing new starts of opioids 
among naïve users. Instead, state regulations had success with reducing new opioid 
starts among people without chronic pain, while encouraging new starts with non-opi-
oid analgesics, and without adversely impacting long term chronic pain opioid users. 
Many of these state regulations such as limits on number of pills did not apply to peo-
ple with chronic pain. Our results indicate that it may be useful to begin to apply these 
state regulations to people with chronic pain in order to reduce new opioid starts.

Appendix 1: Methods

Background on the Medical Expenditure Panel Survey Household Component 
(MEPS‑HC)

Data are household reported and one respondent typically reports for the entire house-
hold. A computer assisted personal interviewing (CAPI) data collection mode is used 
and questions are asked for a recall period of about 3–6 months.

Medical conditions

Medical conditions in the MEPS-HC were collected from households verbatim and coded by 
professional coders using the International Classification of Diseases, Ninth Revision (ICD-9). 
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Chronic conditions are defined using the fully specified ICD-9-CM diagnosis codes. The MEPS 
medical condition files include conditions associated with medical events, disability days and/
or days reported as bothersome due to a health issue during the year. The MEPS event types for 
which associated condition information is collected include office-based medical visits, hospi-
tal outpatient department visits, visits to emergency departments, hospital inpatient stays, pre-
scribed medicines fills, and home healthcare. Associated health condition information is not 
collected in MEPS for dental visits or other miscellaneous healthcare expenditures.

Prescription drugs

Only prescribed drugs purchased in outpatient settings are included in MEPS; because it 
is a household survey, information on prescription medicines administered in an inpatient 
setting or in a clinic or physician’s office are not collected. We examine outpatient prescrip-
tion fills of opioids that are commonly used to treat pain. These opioids are identified using 
generic drug names for narcotic analgesics and narcotic analgesic combinations in the Mul-
tum Lexicon database from Cerner Multum, Inc. We excluded opioids not used for pain 
management from this analysis. These exclusions, which encompass respiratory agents, 
antitussives, and drugs commonly used in Medication Assisted Treatment, comprise about 
8.5% of opioid fills reported in MEPS. MEPS-HC collects for each prescription, the drug 
name, the number of times it was obtained, the health condition it was prescribed for, out-
of-pocket payment amount and the usual third-party payer (see Hill et al., 2014). Because 
the MEPS-HC is a household survey, the data collected are self-reported.

However, MEPS also includes a Medical Provider Component (MPC) that collects 
data from hospitals, physicians, home health care providers, and pharmacies identified 
by MEPS-HC respondents on both the medical and financial characteristics of medical 
events. Its purpose is to supplement and/or replace expenditure information received from 
the MEPS-HC respondents about the health care that was provided to household mem-
bers in the course of the survey year. For survey respondents who sign permission forms 
authorizing MEPS to contact their pharmacies and authorizing their pharmacies to release 
records to MEPS, the Pharmacy Component (PC) contacts the pharmacies identified by 
HC respondents, and collects for each acquisition of a drug, the date the prescription was 
filled or refilled, the National Drug Code, the quantity dispensed, the number of days sup-
plied and the amount of out-of-pocket and third party payments.

Chronic pain

We identify adults treated for conditions associated with chronic pain using the Weitzman 
Quality Institute algorithm based on ICD-9-CM condition codes (See Tian et al., (2013)). 
We use the ICD-9-CM listed in Bernard et al., (2019), updated to ICD-10-CM, to define 
chronic pain. Unlike claims data, MEPS’ advantage is that it relies not just on conditions 
reported during medical visits, but it also ascertains the patient’s reason (condition) for 
obtaining the medication. MEPS also provides a measure, from the Medical Outcomes 
Study 36-Item Short-Form Health Survey (SF-36), of how pain interfered with work during 
the prior four weeks. This pain measure is not appropriate for this analysis because adults 
with chronic pain cannot be identified based on pain interference (see Olfson et al., 2020)

In Table 1 below, we verify that the shift from ICD-9 to ICD-10 to define chronic pain 
did not cause a structural break in our data.
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Regressions

All regressions (other than for Figs. 5 and 6) come in pairs of the form:

where i is the individual, s is State, and t is time, Y is the outcome, e is an error term, 
CDC is the 0/1 dummy for the CDC Guideline period 2016–2017, StateReform are 0/1 
dummies flagging any one of the Regulations of Table  2, X are patient covariates from 
year 2, and bs are State fixed effects. The functional form f(*) is multinomial logit when Y 
represents three outcomes (opioid use, non-opioid use, no use), logit when Y is binary, and 
linear when Y is the change in number of opioid prescriptions from years 1 to 2.

Regressions for Figs. 5 and 6 (work limitations due to pain after stopping opioids) are 
on the subsample of those who used opioids in year 1, and are in the form:

Yit = f
(

b1 ∗ CDCt + b2 ∗ StateRegulationst + b3 ∗ trendt + b4 ∗ Xit + bs + eit
)

ifchronicpain = 0,

Yit = f
(

b1 ∗ CDCt + b2 ∗ StateRegulationst + b3 ∗ trendt + b4 ∗ Xit + bs + eit
)

ifchronicpain = 1,

Yit = f

(

b0 ∗ stop + b1 ∗ CDCt + b2 ∗ StateRegulationst + b3 ∗ stop ∗ CDCt+

b4 ∗ stop ∗ StateRegulationst + b5 ∗ trendt + b6 ∗ Xit + bs + eit

)

ifchronicpain = 0,

Yit = f

(

b0 ∗ stop + b1 ∗ CDCt + b2 ∗ StateRegulationst + b3 ∗ stop ∗ CDCt+

b4 ∗ stop ∗ StateRegulationst + b5 ∗ trendt + b6 ∗ Xit + bs + eit

)

ifchronicpain = 1,

Table 1   Testing for break in chronic pain trend 2014–2017 due to transition to ICD-10 in 2016

Logit estimate of patient having any chronic pain during their two years in the data. Marginal effects 
reported. Standard errors in parentheses adjusted for complex survey design. Covariates are all the patient 
covariates of Appendix 2 Table 5 except for the two policy variables
***p < 0.01; **p < 0.05; *p < 0.1

Variables Probability of Chronic Pain Probability of Chronic Pain
(No covariates) (All covariates)

Trend 0.00568
(0.006)

− 0.00033
(0.005)

ICD-10 − 0.00372
(0.022)

− 0.01470
(0.021)

Trend*
ICD-10

− 0.00759
(0.008)

− 0.00010
(0.007)

Observations 44,596 44,596
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where stop = 0,1, indicates if the patient stopped taking opioids in year 1 with none in year 
2. The functional form f(*) is multinomial logit, and Y represents three outcomes (less lim-
itation, same limitation, worse limitation), comparing the change in work limitations due to 
pain between year 1 and year 2. Limitations range from not at all, a little bit, moderately, 
quite a bit, to extremely.

State regulations

See Table 2.

Table 2   State regulations at any 
time during 2014–2017 Sources: 
Limits: National Conference of 
State Legislatures (2019); Pill 
Mill laws: Rutkow and Vernick 
(2017); comprehensive PDMPs: 
Wen et al (2019), defined as, “All 
providers…are subject to the 
mandate; providers are required 
to check the program upon initial 
prescribing and at least every 
twelve months…; and providers 
are not allowed to rely on their 
own judgment to determine 
whether it is necessary to check 
the program in individual cases”

State Limits on quanti-
ties

Pill Mill laws Compre-
hensive 
PDMPs

AK x
AL x
AZ x
CA x
CT x x
FL x
GA x
HI x
IN x
KY x x x
LA x x
MA x x
MD x x
ME x x
MN x
MS x
NC x
NH x
NJ x
NM x
NV x
NY x x
OH x
PA x x
RI x x
TN x x
TX x
UT x
WI x
WV x
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Appendix 2: Empirical results

See Fig. 7, Tables 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13.

Fig. 7   The effects of state regulations and the CDC guidelines on discontinuing opioids and using non-
opioids analgesics among long term opioids users with chronic pain, 2014–2017. Note that less than 0.1% 
discontinue with nothing used, so that option is not estimated. Thus, we report nationally representative 
logit estimates of the effects of the 2016 CDC guidelines and state regulations (caps on number of prescrip-
tion, pill mill laws, and comprehensive PDMPs) on percent year of long term opioids users discontinuing 
opioids with non-opioids analgesics versus continuing with opioids, for those with chronic pain, excluding 
cancer patients and with long-term opioid use for two or more years. See full state fixed effect logit regres-
sion results in Appendix 2 Table 10. *** (**) (*) statistically significant difference compared to the no state 
regulations/no guidelines case at the p < 0.01 (p < 0.05) (p < 0.1) level. Sources: Authors’ calculations using 
MEPS
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Table 4   Sample descriptive 
statistics, 2014–2017

Variables (1) (2)
Chronic pain Acute pain

Opioid use 0.38
(0.010)

0.10***
(0.002)

Opioid fills, prior year 1.84
(0.078)

0.28***
(0.012)

Opioid fills, current year 2.05
(0.079)

0.26***
(0.010)

Schedule II opioid use 0.30
(0.010)

0.07***
(0.002)

MME if use, prior year 6,089
(467)

1,666***
(130)

MME if use, current year 5,476
(381)

1,733***
(121)

Non-opioid use only 0.34
(0.009)

0.19***
(0.004)

CDC guideline 0.46
(0.010)

0.51***
(0.004)

State regulations 0.46
(0.018)

0.53***
(0.012)

Age 53.50
(0.384)

44.99***
(0.195)

Male 0.42
(0.008)

0.49***
(0.003)

Black 0.10
(0.006)

0.13***
(0.007)

Hispanic 0.11
(0.007)

0.17***
(0.009)

Surgery 0.07
(0.004)

0.03***
(0.001)

Married 0.57
(0.010)

0.51***
(0.005)

No college 0.39
(0.011)

0.43***
(0.006)

1–3 years college 0.30
(0.008)

0.28**
(0.004)

4 + years college 0.32
(0.012)

0.29**
(0.006)

Employed 0.59
(0.010)

0.72***
(0.005)

Privately insured, nonelderly 0.53
(0.011)

0.61***
(0.007)

Publicly insured, nonelderly 0.15
(0.007)

0.12***
(0.004)

Elderly, Medicare 0.27
(0.010)

0.16***
(0.004)

Uninsured, nonelderly 0.04
(0.004)

0.11***
(0.004)

Dual/SSI nonelderly 0.05
(0.003)

0.02***
(0.001)

HMO 0.34
(0.012)

0.30***
(0.006)
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Table 4   (continued) Variables (1) (2)
Chronic pain Acute pain

Poor 0.13
(0.005)

0.12*
(0.004)

Near poor 0.04
(0.003)

0.04
(0.002)

Low income 0.12
(0.006)

0.13
(0.003)

Middle income 0.25
(0.008)

0.29***
(0.004)

High income 0.45
(0.010)

0.42***
(0.007)

Rural 0.05
(0.009)

0.05***
(0.007)

Pain limits work, last month 0.25
(0.009)

0.06***
(0.002)

Felt hopeless most/all of time 0.05
(0.004)

0.02***
(0.001)

Poor mental health 0.24
(0.007)

0.12***
(0.003)

Obesity 0.37
(0.009)

0.28***
(0.004)

Smoker 0.15
(0.006)

0.13***
(0.003)

Pregnant 0.01
(0.002)

0.03***
(0.001)

Angina 0.05
(0.004)

0.02***
(0.001)

Arthritis 0.55
(0.010)

0.21***
(0.004)

Asthma 0.14
(0.007)

0.09***
(0.002)

Chronic bronchitis 0.04
(0.003)

0.01***
(0.001)

Coronary heart disease 0.08
(0.005)

0.04***
(0.001)

Cholesterol 0.47
(0.010)

0.27***
(0.003)

Diabetes 0.16
(0.006)

0.09***
(0.002)

Emphysema 0.05
(0.004)

0.02***
(0.001)

High blood pressure 0.48
(0.012)

0.30***
(0.004)

Joint pain 0.65
(0.009)

0.30***
(0.005)

Mild heart attack 0.07
(0.005)

0.03***
(0.001)

Other heart attack 0.18
(0.008)

0.10***
(0.002)

Stroke 0.07
(0.005)

0.03***
(0.001)
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Table 4   (continued) Variables (1) (2)
Chronic pain Acute pain

Observations 4,982 39,614

Standard errors in parentheses adjusted for complex survey design.
The difference between Chronic and Acute Pain is statistically signifi-
cant at these levels: ***p < 0.01; **p < 0.05; *p < 0.1
MME = Morphine Milligram Equivalents.
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1 3

Table 6   Multinomial logit estimate of the relative risk ratios of starting opioid use

Relative Risk Ratios reported relative to “nothing used.” Standard errors in parentheses adjusted for com-
plex survey design.
***p < 0.01; **p < 0.05; *p < 0.1

Chronic pain Acute pain

Variables Nothing 
used (refer-
ence)

Non-opioids 
only

New start Nothing 
used (refer-
ence)

Non-opioids 
only

New start

CDC Guideline 0.930 0.910 0.959 0.961
(0.232) (0.296) (0.090) (0.152)

State Regula-
tions

0.826 0.628* 1.109 0.790*
(0.170) (0.166) (0.082) (0.096)

Observations 3245 3245 3245 35,437 35,437 35,437
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Table 9   Robustness check, multinomial logit estimate of the probability of discontinuing opioid use

Marginal effects reported. As a robustness check, this version of eTable 7 excludes three covariates: pain 
limitations, hopelessness, and mental health status, in case they might be affected by stopping opioids. 
These results are consistent with eTable  7. Standard errors in parentheses adjusted for complex survey 
design
***p < 0.01; **p < 0.05; *p < 0.1

Variables Chronic Pain Acute Pain

Discontinue 
and use noth-
ing

Discontinue 
and use 
non− opioids 
only

Continue Discontinue 
and use noth-
ing

Discontinue 
and use 
non− opioids 
only

Continue

CDC guideline − 0.004
(0.034)

0.101**
(0.049)

− 0.097
(0.059)

0.080
(0.059)

0.051
(0.059)

− 0.131**
(0.051)

State regula-
tions

0.004
(0.027)

− 0.058
(0.042)

0.053
(0.050)

− 0.025
(0.051)

− 0.061
(0.048)

0.086*
(0.048)
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1 3

Table 10   Estimated probability 
of discontinuing opioid use 
among long-term users

Variables (1) (2)
Discontinue and use 
non-opioids only

Continue

CDC guideline 0.100* − 0.115**
(0.057) (0.057)

State regulations − 0.029 0.048
(0.041) (0.048)

Trend − 0.009 − 0.004
(0.025) (0.025)

Pain limited work − 0.011 0.042
(0.025) (0.028)

Age 0.004 0.001
(0.007) (0.006)

Age squared − 0.000 0.000
(0.000) (0.000)

Male − 0.043 0.024
(0.030) (0.029)

Black − 0.041 0.017
(0.042) (0.044)

Hispanic 0.026 − 0.053
(0.043) (0.044)

Surgery − 0.057 0.037
(0.047) (0.045)

Felt hopeless most/all of time − 0.028 0.026
(0.047) (0.047)

Dual/SSI nonelderly − 0.003 − 0.003
(0.048) (0.055)

Married − 0.003 − 0.034
(0.033) (0.038)

1–3 years college − 0.019 0.001
(0.042) (0.042)

4 + years college 0.030 − 0.050
(0.040) (0.044)

Employed 0.065* − 0.124***
(0.036) (0.042)

Publicly insured, nonelderly − 0.032 0.046
(0.044) (0.047)

Elderly 0.048 − 0.091**
(0.041) (0.046)

Uninsured, nonelderly − 0.251** 0.333***
(0.106) (0.126)

HMO − 0.094*** 0.096***
(0.030) (0.032)

Near poor 0.024 − 0.002
(0.070) (0.077)

Low income − 0.017 0.047
(0.047) (0.047)
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1 3

Marginal effects reported. Less than 1% selected the option “Discon-
tinue and use nothing,” so that option could not be analyzed. Long-
term use is more than 2  years, with chronic pain, excluding cancer. 
Standard errors in parentheses adjusted for complex survey design. 
Not shown: State fixed effects
***p < 0.01; **p < 0.05; *p < 0.1

Table 10   (continued) Variables (1) (2)
Discontinue and use 
non-opioids only

Continue

Middle income − 0.027 0.111*

(0.053) (0.058)
High income − 0.041 0.100*

(0.053) (0.056)
Poor mental health − 0.039 0.016

(0.041) (0.041)
Angina 0.025 − 0.046

(0.043) (0.052)
Arthritis − 0.004 0.028

(0.045) (0.044)
Asthma 0.053 − 0.020

(0.041) (0.044)
Coronary heart disease 0.030 0.045

(0.039) (0.052)
Cholesterol − 0.052* 0.046

(0.029) (0.029)
Diabetes 0.095*** − 0.097***

(0.036) (0.035)
Emphysema 0.071* − 0.120***

(0.038) (0.045)
High blood pressure − 0.000 − 0.002

(0.030) (0.030)
Joint pain 0.046 − 0.065

(0.038) (0.040)
Mild heart attack 0.013 − 0.049

(0.035) (0.047)
Other heart attack 0.001 − 0.011

(0.038) (0.044)
Stroke − 0.047 0.091*

(0.038) (0.049)
Chronic bronchitis 0.014 − 0.026

(0.064) (0.069)
Smoker 0.008 0.011

(0.032) (0.037)
Obesity − 0.036 0.040

(0.031) (0.031)
Rural − 0.137* 0.190**

(0.079) (0.090)
Observations 735 735
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1 3

Table 11   Estimated change in number of opioid prescriptions filled from prior year to current year among 
long-term users, 2014–2017

Variables (1) (2)
Probability of a decrease in annual 
number of fills

Change in num-
ber of annual 
fills

CDC guideline 0.961** − 1.974*
(0.420) (1.134)

State regulations 0.085 0.360
(0.429) (0.921)

Trend − 0.431** 0.772
(0.176) (0.472)

Pain limited work − 0.282 0.929*
(0.237) (0.543)

Age 0.030 − 0.049
(0.067) (0.139)

Age squared − 0.000 0.001
(0.001) (0.001)

Male − 0.395* 0.391
(0.225) (0.441)

Black 0.132 0.513
(0.253) (0.548)

Hispanic − 0.159 1.409*
(0.321) (0.823)

Surgery 0.123 0.774
(0.286) (0.804)

Felt hopeless most/all of time 0.483 − 1.061
(0.329) (0.761)

Dual/SSI nonelderly 0.411 0.156
(0.316) (0.763)

Married 0.116 − 0.277
(0.257) (0.549)

1–3 years college 0.074 0.011
(0.239) (0.601)

4 + years college 0.300 − 0.593
(0.309) (0.874)

Employed 0.266 − 1.052*
(0.292) (0.630)

Publicly insured, nonelderly − 0.114 − 0.445
(0.356) (0.787)

Elderly 0.558 − 1.297
(0.374) (0.939)

Uninsured, nonelderly 0.461 − 1.278
(0.525) (1.617)

HMO 0.260 − 0.507
(0.229) (0.474)
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Table 11   (continued)

Variables (1) (2)
Probability of a decrease in annual 
number of fills

Change in num-
ber of annual 
fills

Near poor − 0.507 1.542

(0.435) (1.104)
Low income − 0.192 0.277

(0.330) (0.745)
Middle Income − 0.903*** 1.680**

(0.336) (0.714)
High Income − 0.628* 1.172

(0.357) (0.893)
Poor mental health − 0.301 0.064

(0.245) (0.548)
Angina -0.099 − 0.856

(0.429) (1.141)
Arthritis 0.245 0.365

(0.307) (0.651)
Asthma − 0.222 0.196

(0.292) (0.624)
Coronary heart disease − 0.797** 1.617*

(0.374) (0.935)
Cholesterol − 0.052 − 0.597

(0.217) (0.563)
Diabetes − 0.446 0.930

(0.273) (0.581)
Emphysema 0.082 − 1.353

(0.375) (0.952)
High blood pressure 0.045 − 0.369

(0.279) (0.586)
Joint pain 0.211 − 0.509

(0.287) (0.634)
Mild heart attack 1.065*** − 2.010***

(0.358) (0.761)
Other heart attack 0.301 − 0.236

(0.269) (0.644)
Stroke 0.102 − 0.825

(0.303) (0.840)
Chronic bronchitis 0.070 0.159

(0.419) (1.145)
Smoker − 0.366 1.365**

(0.229) (0.595)
Obesity − 0.033 0.495

(0.225) (0.559)
Pregnant 0.899 0.893

(1.430) (1.899)
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Table 11   (continued)

Variables (1) (2)
Probability of a decrease in annual 
number of fills

Change in num-
ber of annual 
fills

Rural 0.401 0.569

(0.389) (0.911)
Constant 0.407 − 1.037

(1.756) (3.890)
Observations 735 735
R-squared 0.148

Col 1: Logit. Col 2: Linear regression. Marginal effects reported. Long-term use is more than 2 years, with 
chronic pain, excluding cancer. Standard errors in parentheses adjusted for complex survey design
Not shown: State fixed effects
***p < 0.01; **p < 0.05; *p < 0.1



43Opioid and non‑opioid analgesic prescribing before and after…

1 3

Table 12   Estimated use of annual mmes among long-term users, 2014–2017

Variables (1) (2)
Probability of using less than 700 annual 
MMEs

Probability of using more 
than 3000 annual MMEs

CDC guideline 0.109* − 0.020
(0.061) (0.090)

State regulations − 0.021 0.102
(0.063) (0.078)

Trend − 0.050* − 0.006
(0.029) (0.045)

Pain limited work − 0.076*** 0.152***
(0.029) (0.043)

Age − 0.022*** 0.022**
(0.008) (0.010)

Age squared 0.000*** − 0.000***
(0.000) (0.000)

Male − 0.016 0.003
(0.032) (0.041)

Black 0.064 − 0.125**
(0.043) (0.054)

Hispanic 0.063 − 0.158***
(0.048) (0.059)

Surgery − 0.031 0.087
(0.047) (0.066)

Felt hopeless most/all of time 0.110* 0.002
(0.061) (0.078)

Dual/SSI nonelderly − 0.030 − 0.072
(0.046) (0.067)

Married − 0.020 − 0.043
(0.038) (0.045)

1–3 years college 0.092*** − 0.080*
(0.031) (0.044)

4 + years college 0.013 − 0.134**
(0.042) (0.054)

Employed 0.051 − 0.272***
(0.037) (0.046)

Publicly insured, nonelderly − 0.022 0.029
(0.045) (0.063)

Elderly − 0.233*** 0.120
(0.074) (0.075)

Uninsured, nonelderly − 0.041 − 0.027
(0.082) (0.087)

HMO − 0.006 0.013
(0.030) (0.040)

Near poor − 0.168* 0.115
(0.098) (0.087)

Low income − 0.072 0.099
(0.057) (0.071)

Middle income − 0.092* 0.185***
(0.050) (0.071)
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Table 12   (continued)

Variables (1) (2)
Probability of using less than 700 annual 
MMEs

Probability of using more 
than 3000 annual MMEs

High income − 0.105* 0.156**

(0.060) (0.074)
Poor mental health − 0.060* 0.017

(0.034) (0.042)
Angina − 0.130 0.030

(0.084) (0.068)
Arthritis − 0.045 0.011

(0.043) (0.051)
Asthma 0.029 0.023

(0.042) (0.059)
Coronary heart disease − 0.020 0.005

(0.064) (0.076)
Cholesterol 0.023 0.009

(0.032) (0.044)
Diabetes 0.010 − 0.003

(0.038) (0.047)
Emphysema − 0.007 − 0.169***

(0.068) (0.064)
High blood pressure − 0.013 0.093**

(0.030) (0.047)
Joint pain − 0.030 0.043

(0.036) (0.054)
Mild heart attack 0.017 − 0.010

(0.060) (0.077)
Other heart attack 0.010 − 0.007

(0.037) (0.044)
Stroke 0.002 − 0.085

(0.054) (0.064)
Chronic bronchitis − 0.010 0.052

(0.060) (0.094)
Smoker − 0.071* 0.092*

(0.040) (0.048)
Obesity − 0.044 0.004

(0.030) (0.045)
Pregnant 0.157 − 0.363

(0.122) (0.269)
Rural − 0.083 0.021

(0.057) (0.064)
Observations 735 735

Logit regressions. Marginal effects reported. Long-term use is more than 2 years, with chronic pain, exclud-
ing cancer
Standard errors in parentheses adjusted for complex survey design
Not shown: State fixed effects
MME morphine milligram equivalents
***p < 0.01; **p < 0.05; *p < 0.1
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