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Abstract

Introduction: Buprenorphine (BUP), generally prescribed as buprenorphine/naloxone, is a key component of
medication-assisted treatment (MAT) to manage opioid use disorder. Studies suggest higher doses of BUP
increase treatment adherence. Routine urine drug screens (UDS) assist in monitoring MAT adherence via
measurement of excreted BUP and its metabolite, norbuprenorphine (NBP). The clinical significance between
BUP/NBP concentrations and their ratios for assessing adherence and substance use is not well-described.

Methods: We conducted a single-center, retrospective chart review of 195 clients age �18 years enrolled in a
local MAT program from August 2017 to February 2021. Demographics, BUP doses, prescription history, and
UDS results were collected. Participants were divided based on MAT adherence (,80% vs �80%) and median
total daily dose (TDD) of BUP (�16 mg vs ,16 mg) in addition to pre- and post-COVID-19 cohorts.

Results: Median BUP/NBP urinary concentrations were significantly correlated with MAT adherence (P , .0001
for each) and a reduced percentage of positive UDS for opioids (P¼ .0004 and P , .0001, respectively) but not
their ratios. Median TDD of BUP �16 mg (n¼ 126) vs ,16 mg (n¼ 68) was not correlated with MAT
adherence (P¼ .107) or incidence of nonprescription use (P¼ .117). A significantly higher incidence of UDS
positive for opiates (P¼ .049) and alcohol (P¼ .035) was observed post-COVID-19.

Discussion: Clients appearing adherent to MAT who had higher concentrations of urinary BUP/NBP
demonstrated a reduced incidence of opioid-positive UDS independent of the BUP dose prescribed. An increase
in opioid- and alcohol-positive UDSs were observed during the COVID-19 pandemic.
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Introduction

Approximately 137 Americans die daily from prescription

and nonprescription opioid overdose.1 About 21% to 29% of

patients prescribed opioids for chronic pain misuse them,

and 8% to 12% develop an opioid use disorder (OUD).2

Synthetic opioids, specifically nonprescription manufac-
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tured fentanyl, contribute to the worsening of the opioid
epidemic.3 A driver of this spike in overdoses is an
underlying SUD, which, like other chronic diseases,
warrants appropriate treatment.4

Medication-assisted treatment (MAT) uses medications and
counseling or behavioral therapies to treat SUDs with the
goal of full recovery. MAT improves OUD treatment
program retention, reduces inpatient detoxification services,
decreases nonprescription opioid or opiate use and criminal
activities, increases employment, and decreases morbidity
and mortality.5 In 2020, the American Society of Addiction
Medicine guideline provided new and revised recommen-
dations based on a targeted review of new evidence, FDA
approval of new buprenorphine (BUP) formulations, and
evolving clinical practice guidance for MAT.6

Whereas BUP, a high-affinity partial agonist at the l-opioid
receptor, can induce withdrawal symptoms by displacing
other opioids, successful BUP induction results in craving
reduction and attenuates the euphoric effects of other
opiates or opioids.6-8 Unlike full opioid agonists, BUP has a
ceiling effect on respiratory depression.9 Research identifies
several factors impacting treatment retention and relapse
rates when using BUP for OUD. Studies demonstrate that
BUP doses �16 mg/d are associated with improved
treatment retention and reduced nonprescription opioid or
opiate use.10,11 Other factors that improve MAT outcomes
include longer treatment duration and higher program
satisfaction.10 Conversely, psychiatric comorbidities and
nonopioid SUD, particularly methamphetamine use, reduce
treatment retention.12,13

Routine urine drug screens (UDS) are recommended for all
MAT programs to aid in recovery and improve patient
outcomes.14 BUP and its metabolite, norbuprenorphine
(NBP), are excreted in the urine and detected in a UDS to
assess treatment adherence. Whereas these concentrations
have high intrapatient and interpatient variability, the
measured ratios between BUP and NBP usually fall between
1:1 and 1:4.15 Studies demonstrate that ratios ,0.02 may
indicate urine adulteration, a signal of nonadherence and
potential substance diversion.16,17 The clinical significance
between BUP/NBP concentrations and their ratios for
assessing adherence and substance use is not well-described.

Research into the impact of the COVID-19 pandemic on
mental health reveals a 3- to 4-fold increase in the incidence
of anxiety and/or depressive disorders along with increased
substance use during COVID-19.18-22 These changes are
driven largely by social isolation; fear; income loss; housing
instability; and reduced access to health care, medications,
and supplies.18-22 Individuals with an SUD are vulnerable in
the postpandemic environment due to high rates of
comorbid mental and physical health conditions.

The primary purpose of this study was to determine if
urinary BUP/NBP concentrations and their ratios have a
correlation with MAT adherence and substance use.
Furthermore, this study explores whether total daily dose
of BUP correlates with improved treatment adherence and
reduced substance use as well as the impact of COVID-19
on the MAT population.

Methods

This IRB–approved study was a single-institution, retro-
spective chart review conducted on all MAT clients enrolled
at Family Health Centers of San Diego (FHCSD) in
collaboration with Scripps Mercy Hospital, San Diego,
Department of Pharmacy, using FHCSD electronic health
records dated from August 1, 2017 to February 28, 2021. All
eligible participants in the MAT program were included if
they were �18 years old with at least 2 UDS results
postinduction with film BUP only. Variables collected
include demographics, prescription fill history, concomitant
psychiatric diagnoses and medications, OUD background
(eg, previous MAT use, preferred opioid of choice), and all
UDS results during MAT enrollment. Participants were
excluded if they were receiving MAT products other than
film BUP.

Clients were divided into cohorts based on MAT adherence
and nonadherence, defined as clients who obtained their
MAT prescriptions �80% and ,80% of the time,
respectively. BUP prescription records were obtained based
on the statewide prescription drug monitoring program for
controlled substances and validated with dispensing
outpatient pharmacies. Adherence was calculated by
dividing the sum total daily supply of BUP by the total
days between the first and last prescriptions written
multiplied by 100. Clients were further divided into high-
(�16 mg/d) and low-dose (,16 mg/d) BUP cohorts
calculated by the median total daily dose of BUP
prescribed throughout MAT enrollment. Urinary BUP/
NBP concentrations (nanograms per milliliter) were
normalized to (divided by) urine creatinine (milligrams
per milliliter) obtained in the same urine sample to
account for interclient variability of urine concentrations
between UDS samples.23 Median intrapatient values of
normalized BUP/NBP concentrations and NBP:BUP ratios
were then calculated for analysis of outcomes. Substance
use was defined as a positive UDS for non-BUP drugs of
misuse at any time during MAT enrollment, excluding the
initial induction period. An exploratory analysis was
performed on a subgroup of clients with at least one
UDS result before and after March 13, 2020 (the date of the
declaration of national emergency in the United States,
referred to as pre- and post-COVID-19, respectively) for
substance use and MAT program retention.
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The primary study outcome was to determine whether
urinary BUP/NBP concentrations and ratios were correlated
with MAT adherence and substance use. The secondary
study outcome was to explore whether patients prescribed
higher median total daily BUP (�16 mg/d vs ,16 mg/d)
had improved treatment adherence and/or reduced sub-
stance use. Finally, an exploratory analysis was performed to
examine the impact of COVID-19 on the MAT population.

Descriptive statistics evaluated demographics and baseline
characteristics. Continuous variables were expressed as a
mean 6 SD for normally distributed data and me-
dian 6 IQR for nonparametric data. Differences in sub-
stance use and adherence based on BUP dose was calculated
via chi-squared test. Correlation measures were calculated
using the Pearson correlation test to determine an
association between normalized median BUP/NBP concen-
trations and ratios with adherence and percentage of all
UDS positive for non-BUP substances. A paired two-tailed t
test was used to compare UDS results in the pre- and post-
COVID-19 subgroup. A P value ,.05 was considered
statistically significant for all outcomes.

Results

A total of 231 clients were screened. Twenty-five clients had
fewer than two UDS postinduction, and 11 were treated
with non-BUP products, leaving 195 eligible clients. Baseline
demographics were similar between MAT adherent
(n¼ 154) and MAT nonadherent (n¼ 41) clients (Table
1). Most clients were white, non-Hispanic males. More than
89% of clients had at least one comorbid SUD, and 80% had
at least one comorbid psychiatric disorder. Clients continu-
ing MAT at the time of enrollment (eg, transferred services
from another MAT program) were significantly more
adherent versus newly initiated MAT clients (63.6% vs
46.3%, P¼ .045) as were clients who preferred prescription
opioids (eg, oxycodone) compared with those who preferred
heroin or nonprescription manufactured fentanyl (89.9% vs
73%, P¼ .006).

Normalized median BUP/NBP urinary concentrations were
significantly correlated with MAT adherence (Figure; BUP:
(r)193¼ .3084, P , .0001; NBP: (r)193¼ .3238, P , .0001).
The median ratios of NBP:BUP did not correlate with
adherence ((r)¼ .0423; P¼ .558). A statistically significant
negative correlation between normalized median BUP/NBP
urinary concentrations and percentage of positive UDS for
opioids (BUP: (r)193¼–.2537, P¼ .0004; NBP: (r)¼�.326,
P , .001) was seen. The median total daily dose of BUP
�16 mg versus ,16 mg did not correlate with MAT
adherence (P¼ .107; Table 1) or incidence of substance use
(Table 2). In a post hoc analysis, the incidence of positive
UDS for multiple substances was significantly lower in the
MAT adherent versus nonadherent cohort, including

opioids (39.6% vs 68.3%, P¼ .001), stimulants (32.5% vs
61%, P , .001), and ethanol metabolites (36.4% vs 53.7%,
P¼ .045). One client in the MAT adherent cohort was
excluded due to an insufficient number of BUP prescrip-
tions filled to calculate adherence. Of 2339 UDS samples
analyzed, only 6 had NBP:BUP ratios ,0.02, suggestive of
possible adulteration in 5 clients.

For a subgroup of clients enrolled both pre- and post-
COVID-19 with at least one UDS, a significantly higher
incidence of positive UDS for opiates and alcohol were
observed post-COVID-19 (Table 3). Within the post-
COVID-19 time frame, the frequency of UDS collection
decreased from a median of every 14.4 days (IQR 10.2 to
22.8) to every 30 days (IQR 11.5 to 66.7). For all clients
enrolled at the start of the COVID-19 pandemic (n¼ 89),
38.2% (n¼ 34) discontinued treatment within the following
year. Of the clients who discontinued treatment, 76.4%
(n¼ 26) were either lost to follow-up or voluntarily
withdrew from the program, and 61.8% (n¼ 21) discontin-
ued without having a UDS collected in the post-COVID-19
time frame.

Discussion

To our knowledge, this is the first study to investigate the
potential significance of BUP/NBP concentrations and their
ratios for adherence and substance use outside the context
of urine adulteration and/or diversion. Results suggest that
normalized urinary concentrations of BUP/NBP but not
their ratios correlate with increased MAT adherence and
reduced incidence of opioid-positive UDS. This finding is
independent of prescribed BUP dose (�16 mg vs ,16 mg),
which, in contrast to the findings of previous studies, did
not significantly correlate with MAT adherence or nonpre-
scription drug use. Together, these results suggest that
urinary concentrations of BUP/NBP may provide clinical
utility beyond monitoring MAT adherence. Evidence of
urine adulteration and potential medication diversion was
exceedingly rare with NBP:BUP ratios of ,0.02 present in
less than 0.26% of urine samples analyzed. A post hoc
analysis revealed that comorbid stimulant (predominantly
methamphetamine) opiate/opioid, and alcohol use during
treatment correlated significantly with reduced MAT
adherence similarly to findings of previous studies.

In a subpopulation of MAT clients enrolled both pre- and
post-COVID-19, the incidence of UDS positive for non-
BUP opioids doubled from 5.3% to 10.6% pre- versus post-
COVID-19, respectively. A 1.5-fold increase in the incidence
of UDS positive for ethanol metabolites was also observed in
this population. This finding was seen despite a reduction in
the UDS collection rate of more than 50% during the post-
COVID-19 time frame with many clients seen through
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TABLE 1: Client demographics of the study

Client Characteristica MAT Adherent, n ¼ 154 MAT Nonadherent, n ¼ 41 Total, N ¼ 195 P Value

Average age, mean 6 SD 40.67 6 10.84 38.98 6 10.26 40.31 6 10.72 .370

Gender .228

Male 102 (66.2) 32 (78) 134 (68.7)

Female 52 (33.8) 9 (22) 61 (31.3)

Ethnicity .052

Non-Hispanic 98 (63.6) 20 (48.8) 118 (60.5)

Hispanic 38 (24.7) 18 (43.9) 56 (28.7)

Unknown 18 (11.7) 3 (7.3) 21 (10.8)

Race .578

White 117 (76) 28 (68.3) 145 (74.4)

African American 7 (4.5) 2 (4.9) 9 (4.6)

Other or declined 30 (19.5) 11 (26.8) 41 (21)

Comorbid psychiatric diagnosis 123 (79.9) 33 (80.5) 156 (80) .93

Schizophrenia 7 (4.5) 1 (2.4) 8 (4.1) .751

Bipolar disorder 24 (15.6) 4 (9.8) 28 (14.4)

Depression 99 (64.3) 28 (68.3) 127 (65.1)

Anxiety 83 (53.9) 20 (48.8) 103 (52.8)

Comorbid SUD 135 (87.7) 39 (95.1) 174 (89.2) .171

Alcohol use 76 (49.4) 23 (56.1) 99 (50.8) .714

Cannabis use 73 (47.4) 21 (51.2) 94 (48.2)

Stimulant use 103 (66.9) 37 (90.2) 140 (71.8)

Other 90 (58.4) 23 (56.1) 113 (57.9)

Preferred opioid—non-Rx 92 (52.7) 34 (82.9) 126 (64.6) .006b

Preferred opioid—Rx 62 (40.3) 7 (17.1) 69 (35.4)

Continuation of MAT—Yes 98 (63.6) 19 (46.3) 117 (60) .045b

Emergency department Rx 31 (20.1) 6 (14.6) 37 (19) .191

Other MAT clinic or PCP 56 (36.4) 8 (19.5) 64 (32.8)

Nonprescription use or purchase 11 (7.1) 5 (12.2) 16 (8.2)

Previous use of MAT 118 (76.6) 31 (75.6) 149 (76.4) .892

Median BUP dose, No. (IQR) 16 (12,20) 16 (12,20) 16 (12,20) .500

BUP total daily dose �16 mg 95 (62.1) 31 (75.6) 126 (64.9) .107

BUP total daily dose ,16 mg 58 (37.9) 10 (24.4) 68 (35.1)

BUP ¼ buprenorphine; MAT ¼medication-assisted treatment; PCP¼ primary care physician.
aValues presented as No. (%) unless otherwise noted.
bValue was clinically significant.

TABLE 2: Median buprenorphine (BUP) total daily dose and positive urine drug screen resultsa

Positive
Urine Culture

BUP Total Daily Dose �16 mg,
n ¼ 125, No. (%)

BUP Total Daily Dose ,16 mg,
n ¼ 70, No. (%)

All BUP Doses,
N ¼ 195, No. (%) P Value

Opiates 62 (49.6) 27 (38.6) 89 (45.6) .138

Stimulants 54 (43.2) 21 (30) 75 (38.5) .069

Ethanol 54 (43.2) 24 (34.3) 78 (40) .223

Marijuana metabolites 73 (58.4) 33 (47.1) 106 (54.4) .130

Any positive result 106 (84.8) 53 (75.7) 159 (81.5) .117

aAll available urine drug screen during treatment period were used.
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telehealth for multiple months without an in-person clinic
visit. More than 60% of patients who discontinued
treatment post-COVID-19 had their UDS collected prior
to the lockdown date, which may minimize the true
magnitude of substance use and relapse during this period.
A similar reduction in UDS testing and increase in incidence
of opioid-positive UDS is described in the non-MAT
population post-COVID-19.24 The treatment discontinua-
tion rate approached 40% in the year following California’s
first statewide stay-at-home order, almost double the
historical 1-year retention rate of 80% at this MAT program.

Limitations of this study include the single-center, retro-
spective design that is unable to determine causality. The
data were not inclusive of all potential mediators of MAT
adherence and are limited by potential documentation bias.
Also, despite collecting more than 3500 prescription fill
records to calculate adherence, this method may not reflect
real-world medication use. Furthermore, laboratory results
of BUP/NBP UDS concentrations had an upper threshold
for measurement, limiting the validity of NBP:BUP ratios
for clients, who frequently exceeded the thresholds, and
potentially attenuating the magnitude of the correlation
between adherence and BUP/NBP concentrations. As

previously noted, available UDS data was significantly
reduced in the months immediately following the initial
COVID-19 lockdown, potentially underestimating the
magnitude of substance use in the pre- versus post-
COVID-19 cohort. Finally, institutional prescribing prac-
tices promoting liberal dose increases in BUP for more
treatment-resistant patients is a major confounding variable
that limits the validity of findings as they relate to total daily
dose of BUP.

In summary, this study shows a correlation between higher
BUP/NBP urinary concentrations and MAT adherence in
addition to reduced non-BUP opioid use. This finding is
independent of the dose of BUP prescribed (high- vs low-
dose), which did not significantly correlate with either MAT
adherence or substance use. Increased incidence of non-
BUP opioid and alcohol use was observed in a subgroup of
the FHCSD MAT cohort post-COVID-19 despite reduction
in UDS testing and the high treatment discontinuation rate
before more routine UDS collection resumed. Further
research is necessary to determine if/how BUP/NBP
concentrations can be utilized as a method to assist
clinicians in improving MAT adherence and retention plus
identify barriers to care, other factors that impact treatment
program retention, and increased incidence of substance use
in the MAT population during the COVID-19 pandemic.
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