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Abstract

Background: Opioids are widely prescribed for chronic non cancer pain (CNCP). Controlled substance agreements
(CSAs) are intended to increase adherence and mitigate risk with opioid prescribing. We evaluated the
demographic characteristics of and opioid dosing for patients with CNCP enrolled in CSAs in a primary care
practice.

Methods: We conducted a retrospective cohort study of 1066 patients enrolled in CSAs between May 9, 2013 and
August 15, 2016 for CNCP in a Midwest primary care practice.

Results: Patients were prescribed an average of 40.8 (SD ± 57.0) morphine milligram equivalents per day (MME/
day), and 21.5% of patients were receiving ≥50 MME/day and 9.7% were receiving ≥90 MME/day. Patients who
were younger in age (≥ 65 vs. < 65 years, P < 0.0001), male gender (P = 0.0001), and used tobacco (P = 0.0002)
received significantly higher MME/day. Patients with more co-morbidities (Charlson Comorbidity Index, CCI)
received higher MME/day (CCI > 3 vs. CCI ≤ 3, P = 0.03), and reported higher average pain (CCI > 3 mean 5.8 [SD ±
2.1] vs. CCI ≤ 3 mean 5.3 [SD ± 2.0], P = 0.0011). Patients on an identified tapering plan (6.9%) had higher MME/day
than patients not on a tapering plan (P = 0.0002).

Conclusions: CSAs present an opportunity to engage patients taking higher doses of opioids in discussions about
opioid safety, appropriate dosing and tapering. CSAs could be leveraged to develop a population health
management approach to the care of patients with CNCP.

Background
Pain is the one of the most common reasons that people
seek medical care [1]. An estimated 14.6% of U.S. adults
experience chronic (≥3 months) regional or widespread
pain [2], and 25.3 million adults (11.2%) suffer chronic
daily pain [3]. Up to one-third of patients in the primary
care setting pain suffer from chronic non cancer pain
(CNCP) [4]. Opioids are commonly prescribed for
CNCP [5] in primary care despite their unproven long-
term efficacy for this indication [6, 7].
Controlled substance agreements (CSAs) have been

developed as a clinical risk mitigation strategy and are
recommended by clinical practice guidelines [8, 9]. CSAs

are documented agreements providing education and
mutual consent between patients and providers inform-
ing patients of their responsibilities when using pre-
scribed opioids [10]. CSAs have been associated with
modest reductions in the misuse of prescribed opioids
[11]. Despite their widespread use for patients receiving
opioids, no consensus exists on the goals and composi-
tions of CSAs [12].
Published studies have evaluated the content of CSAs

[13], how frequently they are used [14–16], and how fre-
quently enrolled patients abuse opioids [17]. Previous
studies have described patient characteristics and indica-
tions for and types of opioids prescribed to patients with
CNCP in primary care [4, 18, 19] and in specialty care
pain clinics [20]. However, few published studies [19]
have described the clinical characteristics of patients on
CSAs for CNCP and the amount, type and dose of opi-
oids they receive and the degree to which daily dosing
exceeds recommendations in the recently released
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Centers for Disease Control and Prevention (CDC) clin-
ical practice guideline [7]. Previous studies of patients
on CSAs have not assessed the relationship between opi-
oid dose and patient characteristics.
In the present study, we analyzed patients receiving

opioids for CNCP enrolled in a CSA through a primary
care practice in the Midwest United States. We report
on the clinical characteristics of enrolled patients and
the type and amount of opioids they received. We ex-
plore associations between total daily opioid doses re-
ceived and demographics characteristics.

Methods
Study overview
We conducted a retrospective cohort study using patient
data collected at CSA enrollment, administrative
sources, and electronic health record (EHR) chart review
and abstraction.

Study setting
The study took place at the Mayo Clinic, a tertiary care
academic medical center with a multispecialty primary
care practice serving patients in Rochester, Minnesota
and the surrounding area. This multispecialty primary
care practice includes the divisions of internal medicine,
family medicine, and pediatric/adolescent medicine
which are situated within five distinct practice sites and
provide care to approximately 152,000 patients.

Study population
Individuals were included in our cohort if they were
placed on a CSA for opioid therapy for CNCP between
May 9, 2013 and August 15, 2016 within our primary
care practice. The Mayo Institutional Review Board
reviewed and approved this research. Patients were only
included if they had provided research authorization.

CSA enrollment
Our institutional guidelines recommend enrolling patients
in a CSA if they are expected to be on a DEA Schedule II,
III, or IV medication for ≥3 months. Enrollment is not ex-
pected for hospice, nursing home, palliative care, or group
home patients. Clinicians can exercise discretion on enroll-
ment if patients are receving less than ten pills per month.
Upon CSA enrollment, nursing staff discuss CSA expecta-
tions with patients. Language on the CSA form includes dir-
ection on only having a single provider or health care team
prescribe medications, safe medication storage, prohibitions
on medication sharing and medication dose changes with-
out clinician contact, urine drug testing requirements,
follow-up appointment attendance, and requesting refills at
least 1 week before renewal. Both the nursing staff member
and patient sign the form which is scanned into the EHR.

After CSA enrollment is completed, the Minnesota Pre-
scription Drug Monitoring Program is queried.

Data collection
CSA
Information collected at the time of CSA enrollment in-
cluded patient demographics, the primary indication for
chronic opioid therapy, and screening tests for depres-
sion and anxiety if the patient had a documented history
of anxiety and/or depression. Patients with this history
completed the Patient Health Questionnaire-9 Item
Scale (PHQ-9) [21] to screen for depression and the
Generalized Anxiety Disorder-7 Item Scale (GAD-7)
[22] to screen for anxiety. Data were stored in a secured,
intranet-based registry environment.

Administrative data
Data were extracted from administrative data feeds of pa-
tient provided information and billing data, and a data col-
lection window of up to 1 year prior to program
enrollment was used. Patient provided information in-
cluded race, educational status, employment status, rela-
tionship status, and alcohol and/or tobacco use. This
information is collected using a current visit information
form completed yearly or as needed by patients at an out-
patient clinic visit or inpatient hospitalization. Patient data
is entered into discrete data fields upon completion and
are extracted electronically. Due to decreased availability
of these data elements for all patients across the study
period, we provided the number of patients with this data
available within all results tables. Administrative billing
data 1 year prior to enrollment date were used in applying
an institutional protocol to calculate age-weighted Charl-
son Comorbidity Index [23–25] (CCI) for each patient to
serve as a measure of comorbidity burden.

EHR data
Chart abstraction was performed to determine details of
opioid therapy at CSA initiation (opioid type, formula-
tion, dose, and dose frequency), evidence of an opioid ta-
pering plan, pain score (current pain, weekly average
pain, weekly worst pain), and CSA status (active or ter-
minated contract). Active status was defined as currently
receiving an opioid prescription and terminated status
was defined as opioid presciptions not currently being
supplied. If the patient was taking more than one opioid
at CSA initiation, the most potent opioid was listed first.
If patients did not pick up their first prescription, they
were not included in the cohort.

Statistical analyses
Morphine milligram equivalents per day (MME/day) were
calculated in order to allow for comparisons across opioid
types. Total opioid dose per day was calculated by
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multiplying the amount of opioid per dose by the max-
imum prescribed doses per day. MME/day was calculated
by multiplying total opioid dose per day by a morphine
equivalent conversion factor [26, 27]. Bivariate analyses
were performed to understand differences between popu-
lations by demographic characteristics, CCI, contract sta-
tus, total and reported average pain, and MME/day.
Each variable was treated as continuous and checked for

normality using histogram plots, measures of skewedness
and kurtosis, and the Shapiro-Wilk Test for Normality.
MME/day were not normally distributed and comparisons
were made using the Wilcoxon Two Sample Test. Re-
ported average pain was normally distributed and differ-
ences between groups was ascertained using a Two
Sample t-Test. Pooled t-statistics are provided where the
Folded F Equality of Variance estimates were equal
(p > 0.05) and Satterthwaite t-statistics where variances
were unequal (p ≤ 0.05). All data management and statis-
tical analyses were performed using Statistical Analysis
Software (SAS) Version 9.3 (Cary, North Carolina). In
order to estimate the percentage of patients receiving opi-
oid amounts above specific thresholds, we dichotomized
opioid amounts above 50 MME/day and 90 MME/day.

Results
Demographics
We identified 1066 patients enrolled in a CSA with an aver-
age age of 63.6 years (standard deviation [SD] ± 15.1) of
whom 65.7% were female (Table 1). More than one-half of
patients had completed at least some college (54.9%). More
than one-third of patients (37.3%) were retired, and 64.3%
had a public payer as their primary insurer. Four percent of
patients indicated a need to cut down on their alcohol con-
sumption and 15.9% indicated that they use tobacco.
Significant differences were observed in MME/day by

age (≥ 65 years mean 35.8 MME/day [SD ± 50.0] vs. <
65 years mean 45.0 MME/day [SD ± 62.0] Wilcoxon
Two Sample Test, t Approximation, P < 0.0001), gender
(females mean 35.2 MME/day [SD ± 42.4] vs. males
mean 49.8 MME/day [SD ± 73.8]; Wilcoxon Two Sam-
ple Test, t Approximation, P = 0.0001), and tobacco use
status (non tobacco user mean 39.5 MME/day [SD ± 61.1]
vs. tobacco user mean 49.5 MME/day [SD ± 55.6]; Wil-
coxon Two Sample Test, t Approximation, P = 0.0002).
No significance differences in MME/day were observed
between education (≤ high school vs. > high school,
P = 0.20), patient living arrangements (living alone vs. all
other, P = 0.64) or between reporting the need to cut
down on alcohol consumption compared those who did
not (P = 0.27).
No significant differences were observed between aver-

age pain scores by age, gender, living arrangement, to-
bacco use status, education, or reported need to cut
down on alcohol consumption.

Table 1 Demographic Characteristics of 1066 Patients Enrolled
in a Controlled Substance Agreement

Age (Mean (SD)) 63.6 (15.1)

Gender (n (%))

Female 700 (65.7)

Male 366 (34.3)

Race (n (%))

Black 25 (2.3)

Other/Unknown 40 (3.8)

White 1001 (93.9)

Marital Status (n (%))

Divorced 167 (15.7)

Married 607 (56.9)

Single 143 (13.4)

Widowed 149 (14.0)

What is the highest grade or level of school that you have completed?
(n (%))

High School or Less 260 (24.4)

Some College or 2 yr. Degree 351 (32.9)

4-year College Graduate 130 (12.2)

Graduate and Post Graduate Studies 105 (9.8)

Missing 220 (20.6)

What is your current employment status (check all that apply)? (n (%))

Employed 237 (22.2)

Full Time Homemaker 25 (2.3)

Other 35 (3.3)

Retired 398 (37.3)

Self-Employed 29 (2.7)

Unemployed 43 (4.0)

Work Disabled 122 (11.4)

Missing 176 (16.5)

Insurance Information (n (%))

Medicare 596 (55.9)

Other Government 90 (8.4)

Private 380 (35.7)

Felt the need to cut down on alcohol consumption (n (%))

No 873 (81.9)

Yes 46 (4.3)

Missing 147 (13.8)

Current tobacco use (n (%))

No 736 (69.0)

Yes 170 (15.9)

Missing 160 (15.0)

SD Standard Deviation
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Opioids indication, pain scores and co-morbidity
Musculoskeletal pain (67.6%), chronic pain syndrome
(14.6%), and neuropathy (8.5%) were the three leading
indications among patients on opioid CSAs (Table 2).
Patient reported current pain scores were a mean of
4.2 (SD ± 2.5) and worst pain scores were a mean of
7.6 (SD ± 2.1). Eight percent of patients had moder-
ate to severe anxiety (GAD ≥10) and 11.4% had mod-
erate to moderately severe depression (PHQ-9 ≥ 10).
The overall population had an average age-weighted
CCI of 3.9 (SD ± 3.1). Patients with higher CCI
scores were taking significantly higher opioid doses
(CCI > 3 mean 51.7 MME/day [SD ± 87.2] vs. CCI ≤ 3
mean 37.7 MME/day [SD ± 44.1] Wilcoxon Two
Sample Test, t Approximation, P = 0.03). Patients
with CCI ≤ 3 also reported lower average pain
(CCI ≤ 3 mean 5.3 [SD ± 2.0] vs. CCI > 3 mean 5.8
[SD ± 2.1], Pooled Two Sample t-Test, t = 3.27,
P = 0.0011).

Opioids and contract status
Eighty-nine percent of patients had only one type of opi-
oid prescribed (Table 3). Tramadol (54.5%) and Oxy-
codone (23.5%) were the most commonly prescribed
opioids. Patients were on an average of 40.8 (± 57.0 SD)
MME/day. A minority of patients (21.5%) were receiving
≥50 MME/day and 9.7% were receiving ≥90 MME/day.
Contracts had been terminated in 18% of patients by the

end of the study period, 66% of which (N = 126) were dis-
continued for contract violation or patient preference. No
significant differences were observed in MME/day or in
pain scores between patients having a contract end during
the study and those who did not (MME/day P = 0.26;
average pain, Pooled t-Test t = 1.49, P = 0.37). Only 6.9%
of patients were on an opioid tapering plan. MME/day
were significantly higher among patients with an opioid
tapering plan (mean 58.3 MME/day [SD ± 60.6] vs. mean
39.5 MME/day [SD ± 56.5]; Wilcoxon Two Sample Test, t
Approximation, P = 0.0002), while reported average pain
scores did not differ (Pooled t-Test, t = 0.3; P = 0.74).

Table 2 Indication for Opioids, Pain Scores and Co-Morbid
Medical and Psychiatric Diagnoses (N = 1066)

Condition (n (%))
Musculoskeletal pain 721 (67.6)

Chronic pain syndrome 156 (14.6)

Neuropathy 91 (8.5)

Headache/Migraine 45 (4.2)

Abdominal pain 11 (1.0)

Cutaneous/subcutaneous 10 (0.9)

Colorectal disease 8 (0.8)

Autoimmune disease 7 (0.7)

Nephrolithiasis 3 (0.3)

Sleep disorder 3 (0.3)

Autonomic dysfunction 2 (0.2)

Multiple sclerosis 2 (0.2)

Sarcoidosis 2 (0.2)

Syringomyelia 2 (0.2)

Angina 1 (0.1)

Dyspnea 1 (0.1)

Lymphedema 1 (0.1)

Age-Weighted Charlson Index (Mean (SD)) 3.9 (3.1)

Pain (Mean (SD), N = 860)

Current 4.2 (2.5)

Average 5.4 (2.1)

Worst 7.6 (2.1)

Moderate to Severe Anxiety Diagnosis (GAD-7 ≥ 10), N (%),
N = 578

83 (7.8)

Moderate to Moderately Severe Depression Diagnosis (PHQ-
9 ≥ 10), N (%), N = 785

121 (11.4)

SD Standard Deviation

Table 3 Opioid Prescriptions and Agreement Status

Number of Opioids Prescribed, N (%)
1 948 (88.9)

2 111 (10.4)

3 7 (0.7)

Opioid Prescribed, N (%)

Tramadol 581 (54.5)

Oxycodone 250 (23.5)

Hydrocodone 113 (10.6)

Codeine 52 (4.9)

Morphine 31 (2.9)

Hydromorphone 17 (1.6)

Fentanyl 9 (0.8)

Methadone 10 (0.9)

Other 3 (0.3)

Morphine Milligram Equivalents Per Day

Mean (SD) 40.8 (57.0)

Median (Q1, Q3) 25.0 (15.0, 45.0)

Mode 20

Range 2.5–743.0

Medication change (Dose Change, New Opioid), N (%) 144 (13.5)

Tapering Plan, N (%) 74 (6.9)

Agreement Termination Reason, N (%),

Admission to hospice/palliative care 12 (1.1)

Death 20 (1.9)

Contract violation or patient preference 126 (11.8)

Contract termination 32 (3.0)

SD Standard Deviation
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Discussion
In our cohort of primary care patients on CSAs for
CNCP in a Midwest primary care practice, we observed
that patients who were younger in age, male gender, and
used tobacco received higher MME/day. Patients with
more co-morbidities and higher reported average pain
were receiving higher MME/day. Patients who were on
an identified tapering plan had higher MME/day than
patients not on a tapering plan and 18% of the CSAs
were discontinued by the end of the study period.
Compared to previous studies in the primary care popu-

lation [4, 18, 19] our study sample was older [4, 19] with
more medical comorbidity. The leading indication for opi-
oid use in our population was musculoskeletal pain which
is consistent with other studies of opioid prescribing in pri-
mary care [4, 18, 19]. Comorbid anxiety and depression
were significantly higher in previous studies of CNCP pa-
tients in the primary care setting. In a study of 209 patients
receiving opioids for CNCP, 36% had depression and 21%
of women and 9% of men had anxiety [18]. In a study of 48
patients receiving opioids for CNCP, 54% had depression
and 21% had anxiety [4]. However, these previous studies
assessed lifetime depression through chart review while we
assessed for current anxiety and depression using the
PHQ-9 and GAD-7 at CSA enrollment. We observed a
prevalence of moderate to severe anxiety of 7.8% and mod-
erate to moderately severe depression of 11.4%. Depression
is a risk factor for medical non adherence [28]. Patients
with comorbid chronic pain and anxiety and depression are
more likely to continue opioids [29] and to develop opioid
use disorder [30]. Clinical assessment tools such as the Opi-
oid Risk Assessment Tool (ORT) have been designed to as-
sess the probability of a patient displaying aberrant
behaviors when prescribed opioids for CNCP. However,
screening tools such as the ORTare not routinely employed
in clinical practice. The CDC guideline on opioid prescrib-
ing for chronic pain suggested that clinicians should not
overestimate the ability of these tools to rule out risks from
long-term opioid therapy [7]. A need exists for the develop-
ment of effective screening tools to risk-stratify patients ini-
tiating CSAs. Such tools could allow clinical practices to
engage patients at higher risk for opioid use disorders in
counseling or more frequent follow-up and monitoring as
opposed to a “one size fits all” strategy which may currently
pervade clinical practice.
The daily prescribed opioid dose in our population

(mean 40.8 MME/day) is comparable to a mean of 50–
60 MME/day observed in a previous study of patients
on long-term opioids for CNCP enrolled in two health
plans serving over 1% of the U.S. population [26]. Our
observed MME/day is lower than that observed in a
study of 889 patients on opioids for CNCP in primary
care with a mean of 92 MME/day [28]. The observed
MME/day in our study is significantly lower than the

median 180 MME/day observed in a Canadian study of
patients attending a specialty chronic pain clinic for
CNCP [20]. Our results also differ from these studies
with respect to the most commonly prescribed opioids.
Our patients most commonly received tramadol com-
pared to hydrocodone [26], hydromorphone [20], and
oxycodone [28]. Differences in the type of opioid pre-
scribed to patients likely reflect regional practice pat-
terns or health benefit design as evidenced by the
differences in oxycodone prescribing for long-term opi-
oid use between Kaiser Permanente (3%), Group Health
Collaborative in Washington State (21%) [26], our Mid-
west population (23%), and five Wisconsin healthcare
systems (50%) [28]. Available data suggests oral oxy-
codone has an elevated abuse liability profile compared
to oral morphine and hydrocodone [31]. Consideration
could be given to placing recommendations into clin-
ical practice guidelines relating to the order in which
opioids are prescribed to patients with CNCP, reserving
opioids with greater abuse liability for later steps in
order to reduce the risk for the development of opioid
use disorder.
The mean MME/day among most of our patients on a

CSA was below the dose level recommended by the
CDC clinical practice guideline for prescribing opioids
for chronic pain [7]. This guideline was aimed at pri-
mary care clinicians prescribing opioids for chronic pain
outside of active cancer treatment, palliative care, and
end-of-life care [7]. The CDC guideline recommends
that clinicians should “carefully reassess evidence of in-
dividual benefits and risks when considering increasing
dosage to ≥50 morphine milligram equivalents (MME)/
day, and should avoid increasing dosage to ≥90 MME/
day or carefully justify a decision to titrate dosage to ≥90
MME/day.” In our population, 21.5% were receiving ≥50
MME/day and 9.7% were receiving ≥90 MME/day. The
likelihood of opioid abuse among patients differs by dose
with estimated ranges from 0.7% with lower doses (≤36
MME/day) to 6.1% with higher doses (≥120 MME/day)
as compared to 0.004% in patients not prescribed opi-
oids [7]. CSAs are intended to increase adherence
through “contingency contracting” which leverages writ-
ten documents delineating expected behaviors and the
consequences contingent upon these behaviors [32]. To
the extent that they incorporate adherence monitoring
(e.g., drug evaluation, urine drug screening, and pill
counts), CSAs may reduce the risk for dose escalation
and the development of opioid use disorders [17] al-
though the data for this is limited [11].
Eighteen percent of our population had contracts ter-

minated by the end of the study period. Twelve percent
of our population had CSA discontinuation for violation
or patient preference; however, we were not able to as-
certain the type of violation warranting discontinuation.
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Previous studies have observed that 17% of contracts
were cancelled by the clinician [19]. The most common
reason for this was a urine toxicology screen positive for
marijuana or cocaine. Controversy exists regarding the
proper corrective action when illicit drugs are discov-
ered. Clinicians may discharge patients from a CSA for
this discovery, but some experts recommend preserving
the therapeutic alliance with patients and using it as an
opportunity to educate or facilitate treatment for other
drugs of addiction [33].
Only 6.9% of our population was on a clearly identified

tapering plan. We observed a higher mean MME/day
among patients with an opioid tapering plan compared
to those without a tapering plan with no significant dif-
ferences in pain scores. The CDC guideline recommends
that patients on higher doses of opioids (≥90 MME/day)
should be informed of the risks of overdose and offered
the opportunity to work toward tapering to safer dosages
[7]. Significant barriers to engaging patients in opioid ta-
pering exist including patient perception of low risk for
overdose, increased pain with tapering, lack of effective-
ness of non opioid pain treatment modalities, and opioid
withdrawal [34]. However, available evidence suggests
stable or improved pain after an opioid taper [35]. Opi-
oid withdrawal can be avoided through gradual tapering,
and the daily dose to prevent acute withdrawal is ap-
proximately 25% of the previous day’s dose [36]. Main-
taining a healthy therapeutic relationship with CNCP
patients can enhance patient care [37] and facilitate ta-
pering if deemed appropriate by the treating clinician
[34]. CSAs should be leveraged as an opportunity to en-
gage patients in discussions about the benefits of on-
going opioid use rather than an automatic renewal
system and opioid maintenance program. The percent-
age of patients who should be tapering within a CSA
program at any given time is unknown.
The major strength of our study is the size of the

population on a CSA for CNCP. A limitation of our
study includes our evaluation of a population in a single
center in the Midwest through a convenience sampling
frame with a low prevalence of minority populations
which limits the generalizability to other primary care
practices. Another limitation is that we could not ascer-
tain the precise reasons for contract discontinuation due
to inconsistent reporting in the EHR, and we did not as-
sess for the prevalence of possible opioid use disorder.

Conclusions
CSAs have been proposed as contingency contracting,
but their greatest strength may lie in providing clinicians
an opportunity to take a population health management
approach to manage patients with CNCP on opioids.
EHR registries that could alert clinicians to opioid doses
exceeding pre-determined thresholds, drug screens that

are positive for illicit substances, and patients at high
risk for opioid use disorder may hold tremendous poten-
tial for mitigating risk for patients and providers and im-
prove the overall care of patients on opioids for CNCP.
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