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Abstract

Purpose: The purpose of this study was to determine the clinical utility of an algorithm-based decision tool designed to assess
risk associated with opioid use in the primary care setting.

Methods: A prospective, longitudinal study was conducted to assess the utility of precision medicine testing in 1822 patients
across 18 family medicine/primary care clinics in the United States. Using the profile, patients were categorized into low,
moderate, and high risk for opioid use. Physicians who ordered testing were asked to complete patient evaluations and document
their actions, decisions, and perceptions regarding the utility of the precision medicine tests.

Results: Approximately 47% of primary care physicians surveyed used the profile to guide clinical decision-making. These
physicians rated the benefit of the profile on patient care an average of 3.6 on a 5-point scale (1 indicating no benefit and
5 indicating significant benefit). Eighty-eight percent of all clinicians surveyed felt the test exhibited some benefit to their patient
care. The most frequent utilization for the profile was to guide a change in opioid prescribed. Physicians reported greater benefit
of profile utilization for minority patients. Patients whose treatment was guided by the profile had pain levels that were reduced,
on average, 2.7 levels on the numeric rating scale.

Conclusions: The profile provided primary care physicians with a useful tool to stratify the risk of opioid use disorder and was
rated as beneficial for decision-making and patient improvement by the majority of physicians surveyed. Physicians reported the
profile resulted in greater clinical improvement for minorities, highlighting the objective use of this profile to guide judicial use of
opioids in high-risk patients. Significantly, when physicians used the profile to guide treatment decisions, patient-reported pain was
greatly reduced.
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Introduction

The prescription rate and sales of opioids has skyrocketed since

1999,1 resulting in a public health epidemic. The highest-using

and most at-risk nonmedical opioid abusers more often obtain

drugs from a doctor’s prescription than from any other source,2

with a staggering 26% prevalence of opioid use disorder

(OUD) among primary care patients with noncancer-related

chronic pain.3 Nearly half (44.5%) of all opioid prescriptions

come from primary care groups (family practice physicians,

internists, and general practitioners),4-6 and despite this, many

primary care physicians lack confidence in prescribing opioids

safely and feel unsure about detecting, predicting, and discuss-

ing prescription opioid abuse with their patients.7 These phy-

sicians have concerns about opioid misuse, medication side

effects, and opioid addiction8-11 and feel they lack sufficient

training.9,12 Not surprisingly, most opioid-prescribing physi-

cians support medical school and clinician education in addic-

tion and chronic pain9,13; however, such education is woefully

inadequate. In addition to providing the best possible care to

1 Proove Biosciences Inc, Irvine, CA, USA
2 Good Samaritan Hospital, Baltimore, MD, USA

Submitted June 12, 2017. Accepted July 17, 2017.

Corresponding Author:

Ashley Brenton, Proove Biosciences Inc, 15326 Alton Parkway, Irvine,

CA 92618, USA.

Email: abrenton@proove.com

Health Services Research and
Managerial Epidemiology
Volume 5: 1-8
ª The Author(s) 2018
Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/2333392817747467
journals.sagepub.com/home/hme

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further
permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

mailto:abrenton@proove.com
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/2333392817747467
http://journals.sagepub.com/home/hme


their patients, physicians are subject to legal retribution if their

prescribing practices come under legal scrutiny.14

Physicians struggle with caring for patients who need pain

relief, while considering the overall health and welfare of the

patient. In a survey of more than 1000 primary care physicians,

more than half believe that opioids are an effective treatment

for managing noncancer chronic pain, and 83% of respondents

attribute responsibility for prescription opioid abuse to

physician-initiated prescriptions.13 Chronic pain conditions can

result in prolonged use of opioids, leading to downstream

addiction, which necessitates careful consideration regarding

overprescribing opioids to manage long-term chronic pain.15

The lack of confidence in prescribing opioids, combined with

physician beliefs about opioids as an effective, yet tricky, pain

management option, reveals the importance of better guidance

for prescribing clinicians.

The Centers for Disease Control and Prevention (CDC)

released recent guidelines for primary care physicians prescrib-

ing opioids for chronic pain.3 The 3 main foci of the guidelines

are (1) determining “when to initiate or continue pain manage-

ment with opioids,” (2) managing “opioid selection, dosage,

duration, and discontinuation,” and (3) “assessing risk and

addressing harms of opioid use.”3 The third area recommends

using Prescription Drug Monitoring Databases and urine drug

testing (UDT) as means of assessing the risks of opioid use.

Other screening tools, such as Screener and Opioid Assessment

for Patients With Pain–Revised (SOAPP-R), Opioid Risk Tool

(ORT), and brief risk interview, are available to physicians to

gauge potential misuse of opioids by patients.2 However, these

screening tools are based on subjective information.

Mounting evidence has described the significant role of

genetics in predisposition to risk of opioid abuse, misuse, or

addiction, yet regular clinical evaluation of genetic factors for

this purpose remains to be adopted. The profile accurately

stratifies patients into low-, moderate, and high-risk categories

using a combination of objective genetic information, along

with phenotypic risk factors in a propriety algorithm.16-18

While the clinical validity of the profile is described else-

where,16-18 the profile is 42% genetic and 58% phenotypic

(Supplementary Table 1) and performs with high accuracy,

sensitivity, and specificity. In this study, we observed the clin-

ical utility of the profile in primary care settings and show that

physicians use profile results to accomplish the 3 main foci of

the CDC guidelines.

Methods

Study Population

A prospective, longitudinal study was conducted to assess the

clinical utility of profile testing in 1822 patients across 18

primary care clinics, or study sites, in the United States.

Research at each study site was conducted by participating

physicians (n ¼ 35). All physicians were trained to understand

the results of the profile prior to the start of the study. Addi-

tionally, patients were enrolled in the study by physicians based

on medical necessity for the assessment of risk to OUD. This

study (Protocols 1JUL14-62CR, 1JAN15-14CR, 1JAN15-

20CR) was reviewed, approved, and overseen by Solutions

IRB, an institutional review board licensed by the US Depart-

ment of Health and Human Services, Office for Human

Research Protections. All participants signed informed consent

forms prior to data collection. Per protocol, exclusion criteria

were significant diminished mental capacity, recent febrile

illness that precludes or delays participation by more than

1 month, pregnancy or lactation, incomplete gene report, par-

ticipation in a clinical study that may interfere with participa-

tion in this study, and anything that would place the individual

at increased risk or preclude full compliance.

Data Collection

Genomic DNA was isolated from buccal swabs obtained from

each patient using a proprietary DNA isolation technique and

DNA isolation kit (Macherey Nagel GmbH & Co, KG, Duren,

Germany), according to the manufacturer’s instructions. Gen-

otyping was performed using predesigned TaqMan assays

(Applied Biosystems, Foster City, California). Allele-specific

fluorescence signals were distinguished by measuring end

point 6-FAM or VIC fluorescence intensities at 508 and

560 nm, respectively, and genotypes were generated using

Genotyper Software V 1.3 (Applied Biosystems). The DNA

elution buffer was used as a negative control, and K562 cell

line DNA (Promega Corporation, Madison, Wisconsin), was

included in each batch of samples tested as positive control.

Phenotypic information was also collected, including

whether patients had a personal history of alcoholism, personal

history of illegal drug abuse, personal history of prescription

drug abuse, family history of alcoholism, family history of

illegal drug abuse, family history of prescription drug abuse,

mental health disorders and/or depression, and age. Physicians

who ordered precision medicine testing were asked to complete

patient evaluations 2 times in the study: (1) during a baseline

study visit, after profile results were available for review and

(2) approximately 1 month after baseline, when physicians

were conducting a follow-up to evaluate patient improvement.

The evaluation form consisted of a 12-item checklist of actions

or decisions in the patient’s treatment that the physician might

have made using profile guidance (Supplementary Table 2) and

was used to document the physician’s assessment of the valid-

ity and utility of the profile. The physician rated the benefit of

the profile on clinical decision-making during the baseline visit

and the benefit of the profile to patient outcomes during the

follow-up. The rating was on a scale of 1 to 5 (1: no benefit, 5:

significant benefit). There were 2167 ratings in total—1629

and 538 ratings for patients’ baseline and follow-up visits,

respectively, which were assessed approximately a month

apart. An aggregate benefit rating (referred to as benefit rating

from here on) was calculated across both visits in order to have

1 rating per patient, as there was no difference in the rating

distribution or mean rating between visits, nor were there any
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significant differences in the ratings when physicians evaluated

patients at both visits versus just one.

At the follow-up visit, approximately 1 month after physi-

cians implemented treatment changes due to profile test results,

patients were asked to rate their level of pain before and after

taking medications using the pain numeric rating scale (NRS).

An NRS of 0 was equivalent to “no pain,” while an NRS of 10

was equivalent to “agonizing” pain.

The Algorithm

A profile score and its associated risk stratification was calcu-

lated for each subject. The profile algorithm is a patent-

protected, validated measure of OUD risk.16-18 In short, it com-

bines phenotypic and genotype information to calculate a risk

score that correlates with high-, moderate, or low-risk stratifi-

cations of OUD,16-18 such that a score of 1 to 11 is associated

with low risk, 12 to 23 with moderate risk, and �24 with high

risk. The genetic markers used in the algorithm include 11

different single-nucleotide polymorphisms that have been

implicated in opioid abuse, misuse, dependence, or addiction

(Supplementary Table 1). This approach, which focuses on

validated genetic variants, as opposed to comprehensive

next-generation sequencing, is the preferred approach of many

in the field.19 The phenotypic factors tested include an age of

16 to 45 years,20,21 personal history of alcohol abuse,22,23 per-

sonal history of illegal drug abuse,24,25 personal history of

prescription drug abuse,26 and personal history of other mental

health diseases including attention deficit disorder,27 obsessive

compulsive disorder,28 bipolar disorder,29 and schizophrenia.30

The algorithm is 42% genetic information and 58% phenotypic

information.16

Statistical Analyses

During the baseline visit, physicians decided whether or not to

use the profile to guide patient care (Supplementary Table 2).

First, we assessed whether physicians thought patients signif-

icantly benefitted from the profile. Patients were divided into

2 groups: guided and not guided, where guided patients had

physicians who checked “yes” on at least one of the decisions

listed in Supplementary Table 2. To assess any bias in physi-

cian use of the profile, logistic regression was used to test

differences in the odds of patients receiving profile-guided

care with age, gender, and race. To maintain sufficient sample

size, race was categorized as African American, Caucasian,

Hispanic, other, and those who declined to answer. We also

checked whether there was bias due to profile test results. For

simplification, in this study, risk category (low, moderate, or

high) rather than the raw profile score was used in down-

stream analyses. Ordinal regression was also used to model

the relationship between benefit ratings and profile scores (by

risk category), adjusting for whether or not the physician used

the profile to guide decisions.

To assess how beneficial the test was to guided patients, we

applied ordinal logistic regression to determine association of

benefit ratings with each specific decisions physicians made,

adjusting for age, gender, and race of patients when appropri-

ate. Odds ratios (ORs) reported for ordinal logistic regression

are proportional odds comparing all possible consecutive rat-

ings (ie, rating of 5 vs 4, 4 vs 3, etc).

In addition to patient outcomes measured by the benefit

rating by the physicians, we also examined patients’ self-

reported NRS pain scores before and after receiving care from

their physicians guided by profile results. The Wilcoxon signed

rank test was used to determine whether there was significant

change in patient NRS pain scores. All statistical analyses were

performed with R version 3.2.5. P values�.05 were considered

to be statistically significant. A summary of the data collected

is shown in Figure 1.

Results

Profile Guidance and Benefit to Patients

A total of 1822 patients were assessed in the study. During

baseline and follow-up study visits, their physicians were asked

to indicate how they used the profile results and rate the benefit

of the profile on their patient care. Almost half (864, 47.4%) of

patients’ physicians reported using the results of the profile to

guide patient care decisions (Supplementary Table 2). The

most frequent utilization of the profile included changing the

opioid prescribed (n ¼ 108) and using the information for

referrals (n ¼ 45; Table 1).

In analyzing the benefit to patients based on physician per-

ception of how the test helped their patients (benefit ratings

ranging from 1 to 5, where 1 was no benefit and 5 was signif-

icant benefit), physicians reported that overall 88% of patients

benefited from the profile (benefit rating >1; Figure 2). Of

physicians who used the profile to guide treatment decisions

Physicians
n=35

nclinics=18

Profile-Guided
Actions/Decisions

(Yes/No)

Rate Profile Benefit

(1-5)
To Patients

Pain NRS Scores
(1-10)

Demographics
(age, gender, race)

Patients
n=1,822

Profile Results:
Risk to opioid abuse
(Low, Moderate, High)

Clinical Utility
Patient Outcomes

Potential Biases

Figure 1. Summary of data collected in study from physicians and
patients.
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(listed in Supplementary Table 2), over 98% felt the profile

provided at least some benefit to their patients (benefit rating

>1), with an average benefit rating of 3.6 (standard deviation¼
1.0; Figure 2). However, the benefit ratings varied depending

on which actions were taken. From most to least significant

(P � .05), the following decisions were most associated with

increased ratings: “Decided to titrate the patient off opioids,”

“Changed opioid prescribed,” “Decreased total opioid dose or

frequency,” “Increased total opioid dose or frequency,” and

“Advised another provider to make changes in this patient’s

prescriptions.” Only the decision, “Spent more time with the

patient,” was significantly associated with decreased ratings,

that is, physicians spent more time with patients whom they

rated the profile was not as beneficial (Table 1).

Physicians who made profile-guided decisions for their

patients rated the benefit of the test 0.9 points higher than

physicians who did not use the profile to guide decisions,

though physicians who did not use the profile to guide patient

care still reported some benefit from the profile results (3.6 vs

2.7; Figure 2). Physician ratings between patients who received

guided and not guided decisions were associated with an

adjusted proportional OR of 4.40 (P ¼ 1.35 � 10�58). In other

words, as ratings increased, physicians who used the profile to

guide decisions were on average 4.40 times more likely to rate

the benefit of the profile higher than physicians who did not

make guided decisions.

Effect of Profile Score on Benefit to Patient Care

Overall, physicians rated the benefit of the profile higher if

their patient’s profile score was also higher. If they used the

profile to guide decisions, they were even more likely to rate it

higher (Table 2). When modeling benefit ratings only with

profile risk category for patients receiving guided decisions,

ratings for patients who scored as moderate risk (profile score

12-23) were 1.3 times higher than those who scored as low

risk (profile score <12, P ¼ .002). Ratings for patients who

scored as high risk (profile score �24) were 1.85 times higher

than those who scored as low risk (P ¼ .002). However,

receiving guided decisions had an even greater impact, spe-

cifically 3.83 times more on benefit ratings than profile scores

(P ¼ 3.85 � 10�51).

Effect of Demographics on Profile Guidance and Benefit
Ratings

On average, patients who received guided decisions were about

2 years older than those whose were not guided (P ¼ .009).

There was no gender bias between patients who received

guided or not guided decisions (Table 3); however, compared

to Caucasians, African Americans and Hispanics were less

likely to receive guided decisions.

Among patients who received guided decisions, physicians

were more likely to rate the profile as more beneficial if the

patient was female as compared to male (adjusted OR ¼ 1.40,

P ¼ .01) and Hispanic as compared to Caucasian (adjusted

OR ¼ 2.81, P ¼ 1.31 � 10�15). Although not statistically

significant, there was a trend that physicians of African

Table 1. Benefit of the Profile by Patient Care Decisions Made by Physicians Who Used the Profile for Guidance.a

Decision n % of Guided P Value OR 95% CI

Decreased total opioid dose or frequency 23 2.7 2.58 � 10�5b 15.2 4.9-671
Changed opioid prescribed 108 12.5 1.64 � 10�5b 5.2 2.5-11.3
Increased total opioid dose or frequency 25 2.9 2.66 � 10�4b 4.9 2.1-11.9
Advised another provider to make changes in this patient’s prescriptions 45 5.2 5.15 � 10�4b 2.9 1.6-5.4
Started an opioid rotation 13 1.5 .55 1.4 0.5-4.4
Switched from an opioid to a nonopioid pain medication 19 2.2 .62 1.3 0.5-3.1
Spent more time with the patient 846 97.9 4.99 � 10�3b 0.5 0.3-0.8

Abbreviations: CI, confidence interval; OR, odds ratio.
aIn total, 864 (47.4%) patients received profile-guided decisions. Odds ratios are proportional odds after adjusting for age, gender, and race. Other decisions
(Supplementary Table 2) not listed had n < 10.
bStatistical significance, P < .05.

Figure 2. Physicians found more benefit to patient care when guided
by the profile. Physicians were asked to rate the benefit of the profile
to their patient on a scale of 1 to 5 (1: no benefit, 5: significant benefit).
Physicians rated profile more 0.9 points higher for patient benefit if
they used it to guide decisions (mean rating [SD]: not guided, 2.7 [1.3];
guided 3.6 [1.0]; total n ¼ 1822). As ratings increased, physicians who
used the profile to guide decisions were on average 4.40 times more
likely to rate the benefit of the profile higher than physicians who did
not make guided decisions. (P ¼ 1.35 � 10�58, adjusted for age,
gender, and race). Each bar represents the proportion of patients
whose physician’s decisions were guided or not guided.

4 Health Services Research and Managerial Epidemiology



American patients who received guided treatment also rated the

profile more highly (adjusted OR ¼ 1.49, P ¼ .087). Interest-

ingly, when considering all patients, regardless of whether or

not they received guided decisions, ratings from physicians of

African American patients were significantly higher than Cau-

casians (adjusted OR ¼ 1.66, P ¼ 7.48 � 10�4).

Overall Effect of the Profile on Patient Outcomes

Approximately 1 month later, physicians implemented treatment

changes due to profile test results; 505 (64%) patients who

received profile-guided decisions completed the follow-up and

also reported NRS pain scores rating their pain before and after

taking medications. Numeric rating scale scores of 7 to 10 are

considered severe pain, 4 to 6 moderate pain, and 1 to 3 mild

pain.31 Specifically for this study, an NRS of 0 was equivalent to

“no pain,” while an NRS of 10 was equivalent to “agonizing”

pain. Any decrease in the NRS following guided treatment was

considered to be an improvement. Overall, patients rated their

pain levels to be on average 2.7 levels lower after receiving

profile-guided care from their physicians (P ¼ 2.61 � 10�55;

Figure 3A). Based on the difference between pain NRS at the

baseline and follow-up visits, 90% of patients reported some

decrease in pain, while over 60% had at least a 50% reduction

in pain. Patients whose physicians used the test results to guide

treatment had reduced pain, in many cases going from severe or

moderate pain down to low or no pain.

Discussion

As many as 100 million Americans suffer from chronic pain,32

and in 2012, health-care providers wrote 259 million opioid

prescriptions for pain treatment.33 The societal costs of the

prescription opioid epidemic are staggering: 46 people a day

die from an overdose of prescription painkillers33 and more

than 1000 people a day are treated in emergency departments

for mistreating prescription painkillers.34 Opioid use disorder

costs the economy approximately US$52 to US$78.3 billion

annually due to lost productivity, criminal justice costs, health-

care costs, and drug abuse treatment costs.35,36

Primary care providers are at the frontline of the epidemic,

treating patients suffering from pain, while ensuring their treat-

ment does not lead to OUD, drug diversion, or overdose. Our

study shows that the profile can guide primary care providers to

make favorable clinical decisions about opioid treatment for their

patients. Primary care physicians who used the profile test found it

beneficial when making treatment decisions and rated the test

higher than physicians who did not use the test. Those ratings

were, on average, 0.9 points higher on a 5-point scale, which

demonstrates that physicians benefit from having their decisions

guided by the profile test results. Close to half of the patients in our

study were given treatment that was guided by the results of the

profile screening, and of those, nearly all patients’ physicians

(98%) felt that the profile provided some benefit when adjust-

ments were made to the treatment program. The largest benefit

was reported to arise from clinical actions that involved reducing,

changing, or eliminating the prescribed opioid. Physicians who

did not use the test results to guide treatment decisions may

Table 3. Odds of Receiving Profile-Guided Patient Care From
Physicians Based on Demographics.a

Demographic
Total

n P Value
Adjusted

OR 95% CI

Age 1822 .009b 1.008 1.002-1.01
Gender: females vs males

Females 1034 .097 1.17 0.97-1.41
Males 788

Race: vs Caucasians
Caucasians 1178
African American 173 .013b 0.66 0.47-0.91
Hispanic 272 .026b 0.74 0.56-0.95
Other 126 4.72� 10�5b 0.44 0.29-0.64
Declined to answer 73 2.61� 10�5b 0.31 0.17-0.52

Abbreviations: CI, confidence interval; OR, odds ratio.
aLogistic regression was used to model the odds of receiving guided decisions.
Adjusted odds ratios and 95% CI reflect the OR after adjusting for covariates:
guided or not guided, age, gender, and race. Compared to Caucasians, African
Americans and Hispanics were less likely to receive guided decisions.
bStatistical significance, P < .05.

Table 2. Effect of Profile Score and Profile-Guided Decisions on Patient Care.a

Total N (Guided/Not Guided) Average Rating (Guided/Not Guided) P Value Adjusted OR 95% CI

Profile score category
Lowb 902 (402/500) 3.0 (3.5/2.6)
Moderate 831 (413/418) 3.2 (3.6/2.8) .002 1.30 1.10-1.54
High 89 (49/40) 3.5 (3.7/3.2) .002 1.85 1.26-2.72

Guided
Nob 958 2.7
Yes 864 3.6 3.85 � 10�51 3.83 3.22-4.57

Abbreviations: CI, confidence interval; OR, odds ratio.
aOverall, there was a positive correlation between benefit ratings for patient care and profile scores. When modeling benefit ratings by profile risk category and if
the patient received profile-guided care, benefit ratings for patients who scored as moderate risk were 1.3 times higher than those who scored as low risk (P ¼
.002). Benefit for patients who scored as high risk were 1.85 times higher than those who scored as low risk (P ¼ .002). Profile-guided decision-making had the
greatest impact on patient benefit, increasing ratings by 3.83 times more than profile scores (P ¼ 3.85 � 10�51).
bReference group for determining the adjusted proportional odds ratio.

Lee et al 5



have done so for several reasons—patients were low risk,

and thus, test results simply confirmed physician behavior;

physicians actually implemented changes based on the test

results, such as increased frequency of urine drug screening,

but did not consider it to be a “treatment action” and thus

neglected to accurately record the guidance; or physicians

decided to continue as treatment as usual and consider the

results of the testing if necessary downstream.

Moreover, the use of the test to guide treatment was inde-

pendent of the mean test score, which suggests utility for both

low- and high-risk scores in clinical care. When physicians

were not guided by the profile, it was more likely to be for

patients who received “low-risk” results. This may indicate an

underreporting of profile utilization, as the survey may not

have captured the utility of negative results—for example, no

change in treatment as a result of a “low risk” result may still be

categorized as a guided action.

Additionally, this study found that there were differences in

the benefit of the profile based on ethnicity and sex. Consider-

able evidence has shown variability in treatment and outcomes

of pain-related conditions based on both these factors. Specif-

ically, African Americans, compared to non-Hispanic whites

suffer a greater burden of pain and pain-related suffering.37

Pain treatment approaches employed in multidisciplinary pro-

grams are less effective in improving symptoms in ethnic

minorities,38 reinforcing the point that medicine must be

patient-specific and consider multiple factors, including ethni-

city. The higher profile benefit reported by primary care phy-

sicians for minorities in this study suggests that tailoring

treatment with precision medicine may improve outcomes.

Most importantly, however, this study determined that using

profile test results to guide treatment results in decreased pain for

patients. Patient pain decreased, on average, 2.7 levels, as measured

by the NRS, when physicians made treatment decisions based on the

profile. This dramatic decrease in pain levels reflects the clinical

utility of the profile in patient care. Furthermore, there are significant

physical, psychological, and economic benefits to decreasing pain.

Physicians are advised to apply a systematic method when

evaluating a patient for treatment with opioids.39 The consistent

use of a screening method is recommended,9,40-42 followed by a

review of the patient’s prescription history with PDMD,43 the use

of a written treatment contract between physician and patient, and

monitoring the patient’s drug use with random UDT.9,41,42,44,45

Currently available screening tools, such as SOAPP-R and ORT,

depend solely on patient self-assessment to work effectively. The

risk profile differs from these other screening tools because it

provides objective OUD risk assessment based on genotypic and

phenotypic data.16-18 Specifically in a primary care setting, a

previous study16 demonstrated that the profile correctly identifies

OUD with nearly 88% accuracy and high sensitivity and specifi-

city. Furthermore, the profile was used to evaluate the selection,

dosage, and discontinuation of opioids and found to be beneficial

to do so for the majority of patients. This study demonstrates that

primary care physicians can use the results of the profile to guide

their decisions about how much they prescribe and to whom, thus

accomplishing the 3 main foci of the CDC guidelines.

Study Limitations

One limitation of the study is possible selection bias, as there

was no randomization. We attempted to account for as much

bias as possible in the statistical analyses, but ultimately a

randomized trial would eliminate selection bias. We are in the

process of planning and executing a randomized trial. Addi-

tionally, we did not collect specific information about the study

physicians and their practices, and thus, there may have been

Figure 3. The numeric rating scale (NRS) scores of patients at the follow-up visit whose physicians used the profile to guide patient care. A,
Overall, patients rated their pain levels to be on average 2.7 levels lower after receiving profile-guided care from their physicians (P ¼ 2.61 �
10�55). For plotting, noise was added to show individual data points. B, Based on the difference between pain NRS at the baseline and follow-up
visits, 90% of patients reported some decrease in pain, while over 60% had at least a 50% reduction in pain.

6 Health Services Research and Managerial Epidemiology



some treatment and practice differences that could affect the

results of this study.

Conclusions

The prescription opioid epidemic makes it clear that there are a

number of challenges for physicians who balance the pain man-

agement needs of their patients with avoiding risk of aberrant

behavior to opioids. Recent CDC guidelines provide primary care

physicians with a number of recommendations for prescribing

opioids, including OUD risk assessment. This study demonstrates

the profile provided primary care physicians with a useful tool to

stratify risk of OUD. The profile was rated as beneficial for

decision-making and patient improvement by the majority of phy-

sicians surveyed, with the most utilization for changing the pre-

scribed opioid and the most significant benefits from changing the

selection and dosage of opioids. Moreover, physicians reported the

profile was most beneficial for patients at an increased risk of

OUD, highlighting the objective use of this profile to guide judicial

use of opioids in high-risk patients. Finally, and most significantly,

patients whose physicians used the profile to guide treatment deci-

sions had greatly reduced pain levels.
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