
Research Article

For reprint orders, please contact: reprints@futuremedicine.com

Cost–utility analysis of single nucleotide
polymorphism panel-based machine
learning algorithm to predict risk of opioid
use disorder

Peter J Mallow*,1 & Kathy W Belk2

1Department of Health Services Administration, Xavier University, 3800 Victory Parkway, Cincinnati, OH 45207, USA
2Health Clarity Solutions, LLC, Mooresville, NC 28115, USA
*Author for correspondence: Tel.: +1 513 745 3636; mallowp@xavier.edu

Aim: To conduct a cost–utility analysis of a novel genetic diagnostic test (OUDTEST) for risk of developing
opioid use disorder for elective orthopedic surgery patients. Materials & Methods: A simulation model
assessed cost–effectiveness and quality-adjusted life-years (QALYs) for OUDTEST from private insurer and
self-insured employer perspectives over a 5-year time horizon for a hypothetical patient population.
Results: OUDTEST was found to cost less and increase QALYs, over a 5-year period for private insurance
(savings US$2510; QALYs 0.02) and self-insured employers (-US$2682; QALYs 0.02). OUDTEST was a
dominant strategy in 71.1% (private insurance) and 72.7% (self-insured employer) of model iterations.
Sensitivity analyses revealed robust results except for physician compliance. Conclusion: OUDTEST was
expected to be a cost-effective solution for personalizing postsurgical pain management in orthopedic
patients.
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There were more than 233 million opioid prescriptions filled in each year between 2006 and 2017 [1]. It is estimated
that nearly a third of all opioid-related deaths were associated with prescription opioids while the other two-thirds
were related to heroin and fentanyl use which often follows exposure to prescription opioids [2,3]. According to the
CDC, more than 1000 patients visit the emergency department daily due to opioid use while approximately 135
patients die from opioid overdose daily [4]. Opioid addiction and use not only impacts quality of life but is also a
major economic burden in the United States [5,6]. In 2017, the economic impact of opioid overdose and opioid
use disorder (OUD) exceeded 78.5 billion annually in the US including cost of healthcare and treatment as well as
loss in productivity [6,7].

Although a large percentage of opioid prescriptions are for chronic pain, postoperative pain management is also a
large contributor. More than 51 million Americans undergo inpatient surgery annually [8]. The majority of surgical
patients receive opioids for postoperative pain management [9,10]. It is estimated that opioids are the primary pain
management for 80% of all patients undergoing surgery [11].

Opioids prescribed at discharge have been identified as a risk factor for continued opioid use up to 1 year
following surgery [12]. Patients prescribed opioids for even short-stay surgeries have shown as much as a 44%
increased risk of developing OUD [13]. Furthermore, it has been shown that postoperative opioid use is a stimulus
for OUD even among previously opioid-naive patients [14]. Rates of continued opioid use at 90 days after surgery
have been estimated to be as high as 6.5% in previously opioid-naive patients [15]. Patients that are opioid-tolerant
often require higher doses over longer periods which may also contribute to OUD [16,17].

Prescription patterns vary by surgery type and by physician [18,19]. Orthopedic surgeons are the third leading
prescribers of opioids and are estimated to be responsible for roughly 8% of all prescribed opioids in the US [20,21].
They face a difficult challenge of properly treating acute pain following surgery while managing the risk for
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developing OUD [22]. Estimates of OUD post-orthopedic surgery range from 2% to as high as 22% [23,24]. For these
reasons many orthopedic surgeons have requested the development of evidence-based prescribing guidelines [21].

Healthcare providers have taken a multi-faceted approach to prevent and treat OUD including changes to pre-
scribing protocols, alternative treatment pathways including multimodal therapy and regional anesthesia, enhanced
recovery after surgery, and an emphasis on patient education and discharge planning [15,22,25,26]. Multimodal ther-
apies have improved post-operative pain management resulting in shorter hospital stays and earlier transitions to
rehabilitation programs [27]. However, postdischarge pain management remains a challenge as little evidence exists
to define appropriate regimens, dosage and duration of opioids for orthopedic procedures [8,28].

Another approach to address OUD is to modify postoperative pain management regimens based on patient
screening for risk of developing OUD [29,30]. Many patient risk factors have been identified for developing OUD
including patient age, sex, race, education level, income, pre-operative tobacco use, alcohol or substance use,
mental health disorders such as mood disorders and anxiety, pre-operative chronic pain and pre-operative opioid
use [5,15,30]. However, these assessments are often based on self-reported measures and have had low uptake by
physicians due to their self-reported nature. Further, research has also shown genetic predisposition as an important
factor for the development of OUD [31,32,33,34,35].

The self-reported and subjective nature of prior assessments has led to the development of an objective novel and
robust machine learning algorithm for OUD assessment that analyzes fifteen alleles involved in the brain reward
pathway (OUDTEST) has been shown to identify patients with a higher risk of OUD [36]. This validated test may
be used within the healthcare system for modifying postoperative pain management therapies in patients with high
risk for opioid addiction or misuse.

The objective of this economic simulation model was to quantify the incremental cost–effectiveness of incorpo-
rating the OUDTEST in the patient care pathway of patients without prior OUD undergoing elective orthopedic
surgery from the healthcare payer and self-insured payer perspective. We hypothesized that using the OUDTEST
to inform postoperative therapeutic decisions will provide an economic value to payers and self-insured employers.

Data & methods
Description of intervention
Donaldson (2021) conducted a multi-center clinical validation study of a novel predictive algorithm of 15 single
nucleotide polymorphisms involved in the brain rewards pathways, OUDTEST test [37]. They validated this OUD
diagnostic test on a dataset consisting of 381 subjects who had prior exposure to opioids prior to entering the study.
The OUDTEST predicted OUD incidence with 82.5% sensitivity (95% CI: 76.1–87.8%) and 79.9% specificity
(95% CI: 73.7–85.2%). OUDTEST performed in a robust manner regardless of age or race/ethnicity groups.
These results were used to inform the probability of being identified as high risk and low risk for OUD incidence
in the simulation models.

Study population
The population consisted of a hypothetical cohort of adult patients undergoing elective orthopedic procedures for
which opioids are commonly prescribed for pain management. Patients were split equally between the intervention
and standard of care (SOC) treatment arms. The intervention cohort received the OUDTEST prior to surgery.
Patients who tested positive for increased likelihood of OUD were given non-opioid-based pain relievers post-
surgery. Patients who tested negative were given opioids for pain management. The SOC cohort did not receive
the OUDTEST test and were treated with opioids for pain management post-surgery.

Literature review & parameter selection
A best-evidence literature review was conducted using the National Library of Medicine’s PubMed database
(containing both MEDLINE and publisher-supplied citations), the Cochrane Reviews database of systematic
reviews and meta-analyses, and a manual reference check of recent reviews (past 2 years). The search terms were
developed to identify relevant literature for the clinical, cost, utilization and utility parameters for each model
input. The search strategy included articles published in English-language journals since 2010. A single reviewer
performed all screening and data extraction.

Best practices were followed in order to minimize bias. Publication information, sample size, study design and
effect sizes for relevant parameters were extracted into a Microsoft Excel data form for all literature meeting specified
criteria. For parameters with multiple data points extracted (i.e., multiple studies reporting the parameter), the
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Table 1. Summary of parameter values used in cost–effectiveness simulation model.
Parameter Value (range) Ref.

Starting age (years) 55 (45–65) Assumption

Discount rate (%) 3 NA

OUDTEST test probabilities (%)

– High (HI) risk of OUD 23.19 (18.44–28.76) [37]

– Low (LO) risk of OUD 76.81 (81.56–71.24) [37]

OUD risk probabilities (%)

– OUD high risk 14.0 (4.95–22.0) [20,23,24,38,39]

– OUD low risk 2.1 (2.1–4.95) [20,23,24,38,39]

– General OUD 4.95 (2.1–22.0) [20,23,24,38,39]

Labor productivity (self-insured employers); days/month

– Working at time of index procedure 50 (34–80) [40]

– Treatment lost work 0.39 [41]

– OUD lost work 7.39 [41]

Transition probabilities (%)

– OUD to OUD 74.5 (67.0–81.9) [42]

– OUD to treatment 25.6 (23.0–28.1) [42]

– OUD to remission 0 [42]

– Treatment to treatment 85.8 (77.3–94.4) [42]

– Treatment to OUD 10.3 (9.3–11.4) [42]

– Treatment to remission 3.8 (3.4–4.2) [42]

– Remission to OUD 5.4 (4.9–5.9) [42]

– Remission to remission 94.6 (85.1–100) [42]

Transition to death (SMR)

– OUD 3.9 (3.6–7.7) [43]

– Treatment 1.8 (1.1–2.8) [43]

– Remission Life tables [44]

– Alive Life tables [44]

Costs ($US)

– OUDTEST 500 (375–600) SOLVD

– Opioid pain mgmt. 251 (188–314) [45]

– Alt. pain mgmt. 50 (38–63) [46]

– OUD 11,771 [47]

– Treatment 3985 [47]

– Remission 0 Assumption

– Worker salary 218 [40]

– OUD worker salary 218 [40]

Utility values

– OUD 0.71 (0.64–0.78) [48]

– Treatment 0.75 (0.68–0.83) [48]

– Remission 0.76 (0.68–0.84) [48]

– Alive 0.82 (0.78–0.85) [48]

– Dead 0 NA

†Values in parentheses informed the sensitivity analyses. See Appendix for further information.
Alt.: Alternative; LR: Literature review; Mgmt.: Management; OUD: Opioid use disorder; SOLVD: SOLVD Health, Inc.; SMR: Standardized mortality ratio.

sample size weighted pooled average was calculated to populate the base case model. Upper and lower reported
values in the literature, along with standard errors around the pooled-mean were used to define a plausible range for
each parameter. If a range could not be sourced from the literature, then ± 25% of the reference value was used to
define the end points of the range. Table 1 and Appendix A provides further information on parameter references,
life tables used in the analysis, distributions used in the PSA, and model assumptions.
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Modeling approach
A cost–utility analysis from the healthcare payer perspective was performed using a patient-level Markov chain
Monte Carlo simulation model. The model scaffold (Figure 1A–C) was informed by relevant treatment guidelines
and key expert opinion. Patients who developed OUD transitioned between four health states: OUD, Treatment,
Remission and Dead. Patients had a transition probability for moving between health states for each time cycle.
Patients in the OUD health state received inpatient treatment followed by medication-assisted therapy while
patients in a Treatment health state received medication-assisted therapy. Dead was considered to be an absorbing
health state.

Patients who did not develop OUD transitioned between two health states: Alive and Dead. Patients had a
transition probability for moving between these health states with each time cycle. Dead was considered to be an
absorbing health state.

Patients in the Remission, Alive, and Dead health states did not have an associated cost as the model was
designed to explore incremental differences in cost as a result of diagnostic testing and treatment modification
among patients at high risk of developing OUD. Patients receiving alternative pain management were considered
to have a decrement in quality of life compared with patients treated with opioids for a period of time post-
surgery. Labor productivity estimates accounted for orthopedic surgery and OUD health states separately. Patients
in remission were considered to be working. Simulation models were generated from both the private insurance
and self-insured employer perspectives accounting for the aggregated costs accrued in the 5 years following hospital
discharge. The model was not designed to evaluate different OUD treatment regimens.

The primary outcome was the incremental cost–effectiveness ratio (ICER), expressed in 2019 United States
Dollars (USD), per quality-adjusted life-year (QALY). Secondary outcomes included total costs and QALYS. The
self-insured employer scenario added job absenteeism parameters into the simulation model. A 1-month cycle
length was used in the analysis. The willingness-to-pay threshold was set at $50,000 and the discount rate at three
percent. The economic simulation models were performed using TreeAge Pro 2020 (MA, USA). The research was
exempt from IRB review under 45 CFR 46.101(b)(4).

Calculating cost–effectiveness
After costs and QALYs were calculated for the OUDTEST and SOC cohorts, ICER was calculated from the private
insurance and self-insured employer perspectives. The only difference between these payer perspectives was the
inclusion of lost labor productivity attributed to OUD in the self-insured employer perspective. Therefore, the
ICERs OUDTEST and SOC cohorts were calculated as follows (Equation 1):

ICER =
(CostOUDTEST − CostSOC)

(QALYOUDTEST − QALYSOC)
(Eq. 1)

The numerator in the ICER equation shows the incremental cost of adding the OUDTEST test relative to the
SOC cohort. The denominator shows the incremental difference in QALYs.

Sensitivity & scenario analysis
A one-way deterministic sensitivity analysis was conducted to assess the sensitivity of the cost–effectiveness of
OUDTEST to specific parameters. Markov chain Monte Carlo probabilistic sensitivity analysis (PSA) was per-
formed to further assess the robustness of the results testing both first- and second-order uncertainty. In the PSA,
the uncertainty of each model parameter was represented by a distribution around the point estimate. 10,000 model
iterations with 10,000 unique hypothetical patients were performed by randomly sampling from each parameter
distribution to obtain a full set of parameters, then model outputs were calculated and stored for each iteration.
A beta distribution was used for transition and clinical parameters. A triangle distribution was used for cost and
utility parameters. The distributions were created from the values and ranges reported in Table 1.

A one-way sensitivity analysis was conducted to assess the cost–effectiveness based on the 95% CI of the
OUDTEST correctly identifying high-risk OUD patients. Models were generated evaluating the low (18.44%)
and high (28.76%) end points of the confidence interval of risk of OUD incidence based on OUDTEST results
for the private payer and self-insurer employer perspectives. To examine the influence of the health-state utility
values on the cost–effectiveness results, a second one-way sensitivity analysis was performed varying the utility
values based on the low and high end of the ranges reported from the private insurance perspective.
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Figure 1. Model diagram. (A) Hypothetical patients were assigned 1:1 to the OUDTEST or SOC treatment arms. All
patients assigned to OUDTEST received the test and were assigned to either HI OUD Risk or LO OUD Risk based on the
results. (B) MB: Hypothetical patients with OUD enter the following Markov process with the following health states:
OUD, Treatment, Remission and Dead. The transition probabilities in Table 1 informed the transitions for each model
cycle. (C) MC: Hypothetical patients without OUD enter the following Markov process with the following health
states: Alive and Dead. The transition probabilities in Table 1 informed the transitions for each model cycle.
HI: High; LO: Low; OUD: Opioid use disorder; SOC: Standard of care.
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Table 2. Modeled estimates for costs, change in costs, quality-adjusted life-years, change in quality-adjusted
life-years and incremental cost–effectiveness ratio for private insurance and self-insured employer perspectives.
Strategy Cost ($US) � Cost QALYS � QALYs ICER ($US/QALY)

Private insurance

OUDTEST 10,607 -2510 3.71 0.02 Dominant

SOC 13,117 Reference 3.69 Reference Reference

Self-insured employer

OUDTEST 11,289 -2682 3.71 0.02 Dominant

SOC 13,971 Reference 3.69 Reference Reference

A dominant strategy is one that decreases costs and increases QALYs. A dominated strategy is one that increases costs and does not change or decreases QALYs.
ICER: Incremental cost–effectiveness ratio; OUD Opioid use disorder; QALY: Quality-adjusted life-year; SOC: Standard of care.

Scenario analysis was performed to examine the base case model under several different scenarios. A total of 12
scenario analyses were performed. The first six were from the perspective of the private insurer varying the time
periods (3- and 10-year) and levels of physician noncompliance 25, 50, 75 and 100%. For this analysis, physician
noncompliance was defined as the prescription of opioids for patients which were identified as high-risk for OUD
using the OUDTEST. Scenarios seven through 12 repeated these scenarios from the perspective of the self-insured
employer.

Results
A review of the literature revealed a median prevalence of OUD incidence post-orthopedic surgery of 4.95% which
was used in the model (Table 1) [20,23,24,38,39]. Based on this incidence level, the OUDTEST was expected to be
a dominant strategy for private insurance and self-insured employer perspectives over a 5-year period (Table 2).
In the case of a dominant strategy, the ICER is not relevant and the incremental QALYs gained and decreased
costs relative to typical opioid pain management practice were reported. Use of OUDTEST was associated with a
$2510 and 2682 reduction in costs per patient for private insurers and self-insured employers compared with SOC,
respectively. The expected gain in QALYS was 0.02 per patient for both payer perspectives compared with SOC.

Sensitivity analyses
A one-way sensitivity analysis of the probability of OUDTEST being cost-effective based on the OUDTEST Test
Probabilities based on the 95% CI indicated OUDTEST remained a dominant strategy from both the private
insurer and self-insured employer perspectives (Table 4). Using the high end of the range (28.76%) OUDTEST
revealed a cost reduction of $3240 for private insurers and $3461 for self-insured employers. The low end point
and high end point probabilities for OUD incidence resulted in a 0.02 QALY increase in the private insurer and
self-insured employer models.

A second one-way sensitivity analysis varying the health-state utility values from the private insurer perspective
indicated OUDTEST was either a dominant strategy or cost less with an equivalent QALYs across all health-state
utility values (Table 5). The difference in QALYs between OUDTEST and SOC ranged from 0.00 to 0.02. When
the utility value was adjusted to the low end of the range for remission and OUD, OUDTEST was expected to
cost less and result in the same number of QALYs. Similarly, when the health-state utility value was set to the high
end of the range for Treatment, OUDTEST was expected to cost less and result in the same number of QALYs.

Figure 2A & B show the scatterplot of the ICER values from all hypothetical patients in the model. OUDTEST
was expected to be a dominant strategy in 71.1 and 93.7% of the hypothetical patients from the private insurer
and self-insured employer perspectives, respectively. OUDTEST was a cost-effective strategy using a willingness to
pay threshold of $50,000 or less per QALY gained in 72.7 and 93.9% of the hypothetical patients from the private
insurer and self-insured employer perspectives, respectively.

Scenario analyses
OUDTEST remained a dominant strategy compared with SOC when changing the time period after surgery to 3-
and 10-years for both the private insurer and self-insured employer perspectives (Table 3; Scenarios 1, 2, 7 and 8). The
scenario analyses revealed the cost–effectiveness results were sensitive to varying levels of physician compliance to the
OUDTEST test output. For the private insurers, OUDTEST continued to be cost-effective at a 25% noncompliance
level (ICER = $1000/QALY; Scenario 3). However, OUDTEST was not cost-effective at physician non-compliance
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Figure 2. Cost–effectiveness results, private insurance and self-insured employer perspectives. (A)
Cost–effectiveness results of hypothetical patients, private insurance perspective. Each dot on the cost–effectiveness
plane represents the result of hypothetical patient. The green dots (93.7%) represent all hypothetical patients were
below the willingness-to-pay threshold of $50,000/QALY. The red dots (6.3%) represent the hypothetical patients
above the willingness-to-pay threshold. (B) Cost–effectiveness results of hypothetical patients, self-insured employer
perspective.
Each dot on the cost–effectiveness plane represents the result of hypothetical patient. The green dots (93.9%)
represent all hypothetical patients were below the willingness-to-pay threshold of $50,000/QALY. The red dots (6.1%)
represent the hypothetical patients above the willingness-to-pay threshold.
QALY: Quality-adjusted life-year.
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Table 3. Scenario analysis results for costs, change in costs, quality-adjusted life-years, change in quality-adjusted
life-years, and incremental cost–effectiveness ratio for private insurance and self-insured employer perspectives.
Strategy Cost � Cost QALYS � QALYs ICER ($US/QALY)

Private insurance

Scenario 1: time 3 years

OUDTEST 7194 *1653 2.32 0.01 Dominant

SOC 8847 Reference 2.31 Reference Reference

Scenario 2: time 10 years

OUDTEST 17,765 -4310 6.80 0.01 Dominant

SOC 22,075 Reference 6.79 Reference Reference

Scenario 3: physician noncompliance 25%

OUDTEST 13,137 20 3.71 0.02 1000

SOC 13,117 Reference 3.69 Reference Reference

Scenario 4: physician noncompliance 50%

OUDTEST 15,667 2550 3.71 0.002 127,500

SOC 13,117 Reference 3.69 Reference Reference

Scenario 5: physician noncompliance 75%

OUDTEST 18,198 5081 3.71 0.02 254,050

SOC 13,117 Reference 3.69 Reference Reference

Scenario 6: physician noncompliance 100%

OUDTEST 20,728 7611 3.71 0.02 380,550

SOC 13,117 Reference 3.69 Reference Reference

Self-insured employer

Scenario 7: time 3 years

OUDTEST 7648 -1767 2.32 0.01 Dominant

SOC 9415 Reference 2.31 Reference Reference

Scenario 8: time 10 years

OUDTEST 18,296 -5232 6.80 0.01 Dominant

SOC 23,528 Reference 6.79 Reference Reference

Scenario 9: physician noncompliance 25%

OUDTEST 13,715 -256 3.71 0.02 Dominant

SOC 13,971 Reference 3.69 Reference Reference

Scenario 10: physician noncompliance 50%

OUDTEST 16,140 2169 3.71 0.02 108,450

SOC 13,971 Reference 3.69 Reference Reference

Scenario 11: physician noncompliance 75%

OUDTEST 18,566 4595 3.71 0.02 229,750

SOC 13,971 Reference 3.69 Reference Reference

Scenario 12: physician noncompliance 100%

OUDTEST 22,542 8571 3.71 0.02 428,550

SOC 13,971 Reference 3.69 Reference Reference

A dominant strategy is one that decreases costs and increases QALYs. A dominated strategy is one that increases costs and does not change or decreases QALYs.
ICER: Incremental cost–effectiveness ratio; OUD Opioid use disorder; QALY: Quality-adjusted life-year; SOC: Standard of care.

levels of 50% (Scenario 4; ICER = $127,500/QALY), 75% (Scenario 5; ICER = $254,050/QALY) and 100%
(Scenario 6; ICER = $380,550). From the self-insured perspective, OUDTEST was a dominant strategy when
varying time periods and when physician noncompliance was 25% (Scenarios 7–9). At higher levels of physician
noncompliance, OUDTEST was not cost-effective. The ICERs were $108,450/QALY, $229,750/QALY and
$428,550 for Scenarios 10, 11 and 12, respectively.
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Table 4. One-way sensitivity analysis for costs, change in costs, quality-adjusted life-years, change in
quality-adjusted life-years, and incremental cost–effectiveness ratio for private insurance and self-insured employer
perspectives.
Strategy Cost ($US) � Cost QALYS � QALYs ICER ($US/QALY)

Private insurance low (18.44%)

OUDTEST 11,230 -1887 3.71 0.02 Dominant

SOC 13,117 Reference 3.69 Reference Reference

Private insurance high (28.76%)

OUDTEST 9877 -3240 3.71 0.02 Dominant

SOC 13,117 Reference 3.69 Reference Reference

Self-insured employer low (18.44%)

OUDTEST 11,954 -2017 3.71 0.02 Dominant

SOC 13,971 Reference 3.69 Reference Reference

Self-insured employer high (28.76%)

OUDTEST 10,510 -3461 3.72 0.03 Dominant

SOC 13,971 Reference 3.69 Reference Reference

The one-way sensitivity results examining the probability of determining a patient is at high risk for developing OUD was varied by the 95% Confidence Interval. For the private
insurance and self-employed insured models, the OUDTEST remains a dominant strategy (costs less and increases QALYs) compared with the SOC strategy.
ICER: Incremental cost–effectiveness ratio; OUD Opioid use disorder; QALY: Quality-adjusted life-year; SOC: Standard of care.

Table 5. One-way sensitivity analysis for change in quality-adjusted life-years, and incremental cost–effectiveness
ratio for private insurance based on health state utility values.
Treatment state � QALYs ICER ($US/QALY)

Alive – low 0.01 Dominant

Alive – high 0.02 Dominant

Remission – low 0.00 Costs less; same QALY

Remission – high 0.01 Dominant

Treatment – low 0.01 Dominant

Treatment – high 0.00 Costs less; same QALY

OUD – low 0.00 Costs less; same QALY

OUD – high 0.01 Dominant

ICER: Incremental cost–effectiveness ratio; OUD: Opioid use disorder; QALY: Quality-adjusted life-year.

Discussion
The use of OUDTEST, as a means to identify patients at high risk of developing OUD and modifying postsurgical
pain management, appeared to be a dominant strategy compared with prescribing opioid pain management therapy
for all. Results were similar from the private insurer and self-employed perspective with job absenteeism added. A
decrease in OUD cases postsurgery despite a higher up-front cost associated with the OUDTEST test contributed
the most the lower costs and improved QALYs.

In the orthopedic population approximately 1 in 20 patients are likely to develop OUD after using opioids for
postsurgical pain management with potential for life-long addiction [20,23,24,38,39]. The relatively high sensitivity
and specificity of OUDTEST allowed for identification of high-risk patients susceptible to OUD. The provision of
non-opioid pain management in this population resulted in the lower costs and improved QALYs across different
lengths of follow-up time periods and was robust to one-way sensitivity analyses of the OUDTEST test and changes
to the health-state utility values.

It might be suggested that non-opioid based postoperative pain management be used for all orthopedic patients.
However, this is approach would be considered an unrealistic treatment option. Orthopedic physicians have used
opioids for decades in postoperative pain management [22]. There may be resistance to changing their practice
patterns due to limitations of prior assessment tools including the time to administer and lack of specificity. More
importantly, current evidence-based guidelines recommend an individualized approach to pain management with
inclusion of opioids as one of many options [22]. The risk of developing OUD is a multifaceted problem including
psychological, social and biological factors. The OUDTEST will provide the physician objective information on
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the genetic risk of OUD risk and allow the development of an individualized approach to postoperative pain
management.

Physician compliance with altering their pain management practices had the greatest effect on the results. If
physicians do not adhere to the test results and prescribe non-opioid pain therapy to patients identified as high
risk for OUD, the OUDTEST is no longer a cost-effective strategy. Physician compliance is a concern as many
subjective risk assessment tools previously used have been shown to suffer from insufficient accuracy according to
the CDC [49,50]. Therefore, a physician may be rooted in their own practices or succumb to patient demands and
not follow the results of the OUDTEST diagnostic test. The limitations of prior assessments, strong desires to
eliminate patient pain, and habit may be barriers to physician compliance. The objective nature of the OUDTEST
may facilitate physician adoption along with larger clinical studies demonstrating its effectiveness. Though it may
take time to adjust prior norms, the use of a one-time objective genetic diagnostic test, OUDTEST, offers physicians
an objective means to change practice.

Use of an objective validated diagnostic screening tool for OUD may be novel, but is not for other conditions
such as alcohol screening in emergency and outpatient settings, hepatitis C screening in adolescents, and screening
for abdominal aortic aneurysms in males with a history of smoking. For example, one study found that screening at
age 65 saved $260 per patient and increased 0.018 QALYs in a male population with prior history of smoking [51].

The genetic-based OUDTEST screens for the predisposition to a behavior, substance use. OUDTEST may
provide important diagnostic information for both the orthopedic physician and the patient. However, genetic
tests raise a few important concerns. First, the patient may suffer increased short-term physical pain from an
alternative pain management program. Presumably the physician and patient will have a discussion regarding the
best pain management course where the OUDTEST results are one of several considerations prior to deciding a
pain management strategy. Further, the patient may have reservations about taking the OUDTEST due to possible
use of the results beyond the decision to determine a pain management course. A patient may be concerned that
results may be used by the insurance company or another entity in a negative manner. It was outside of the scope
of this study to address the ethical considerations of genetic testing. In situations where, orthopedic physicians and
patients are likely to change their pain management practices, OUDTEST was expected to save private insurers
and self-employed insurers money and increase the quality of life for their beneficiaries.

Limitations
There are several important limitations associated with cost–effectiveness analyses. First, the study results are based
on a clinical study of the OUDTEST to determine the probability of being at risk for developing for developing
OUD disorder. The results of this study are predicated on the same limitations found in Donaldson (2021) [37].
One important note is all participants in the clinical trial consented to the OUDTEST. Our model started with
this assumption and did not consider the costs or effects if a patient refused the OUDTEST. Second, while the
model attempted to capture the key features of OUD treatment pathways, there are too many possibilities without
necessitating simplifying assumptions, such as not allowing patients to switch insurers or employers during the
follow-up period. Bias arising from these assumptions was mitigated by applying all assumptions equally to the
OUDTEST cohort and SOC cohort. Thus, the cost–effectiveness results observed should be due to the knowledge
obtained from the diagnostic test. Third, the long-term transition probabilities, costs, utilities, and utilization were
obtained from the published literature. Therefore, they do not reflect the actual data from those that participated
in the clinical study. The uncertainty in the results arising from this limitation was described in the sensitivity
and scenario analysis allowing a more robust understanding of the potential cost–effectiveness of the OUDTEST.
Fourth, the results of this analysis are limited to a general orthopedic population seeking elective surgery. Caution is
warranted in attempting to generalize further. Finally, this analysis was based on a hypothetical patient population
informed by the results of a randomized clinical trial. However, the trial did not follow patients for 5 years or track
their costs. Based on our results, a longer randomized trial incorporating economic end points is justified.

Conclusion
The novel and robust machine learning diagnostic tool was expected to be a cost-effective solution in the campaign
against OUD. The current challenges and high expenses associated with uncertain treatment programs merit
investigation of preventative measures that may allow physicians and patients to seek non-opioid based pain
management strategies if the risk of OUD is high. Results from this study indicated that, in addition to the
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demonstrated clinical utility, OUDTEST may be an economically sound option for private insurance companies
and self-insured employers and warrants further dissemination.

Summary points

• Opioid use disorder (OUD) is a real and prevalent risk after orthopedic surgery.
• Physicians must balance the challenge of properly addressing the acute pain from surgery and the risk of

developing OUD.
• Pain management guidelines suggest a personalized approach to postsurgical pain. However, few tools are

available to assist the physician to develop a personalized approach.
• A novel and robust machine learning algorithm for OUD assessment that analyzes fifteen alleles involved in the

brain reward pathway has been shown to accurately assess a patient’s risk level of developing OUD.
• To assess the value of this diagnostic test, a cost–utility analysis was performed from the perspectives of the

insurance company and self-insured employer for those undergoing orthopedic surgery.
• The results indicate that the diagnostic test was cost-saving and improved quality-adjusted life years.
• Sensitivity analyses determined that physician compliance with altering a patient who may be at high risk of

developing OUD was the most important parameter in determining if the diagnostic test was cost-effective.
• This diagnostic tool may provide a clinically and economically sound option for physicians seeking to personalize

postsurgical pain management and reduce the risk of their patient developing OUD.
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