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Purpose: To describe attrition patterns of opioid use disorder (OUD) patients treated with 
buprenorphine (BUP) and to assess how clinical, sociodemographic, or BUP medication 
dosing features are associated with attrition.
Patients and Methods: Electronic health records of adults (16+ year-olds) with OUD 
treated with BUP from 23 different substance use or mental health care programs across 11 
US states were examined for one year following BUP initiation in inpatient (IP), intensive 
outpatient (IOP), or outpatient (OP) settings. Treatment attrition was declared at >37 days 
following the last recorded visit. Survival analyses and predictive modelling were used.
Results: Retention was consistently 2–3 times higher following BUP initiation in OP (n = 
2409) than in IP/IOP (n = 2749) settings after 2 (50% vs 25%), 6 (27% vs 9%) and 12 
months (14% vs 4%). Retention was higher for females, whites (vs blacks), and those with 
less severe OUD, better global function, or not using non-psychotropic medications. 
Comorbid substance use, other psychiatric disorders, and the number of psychotropic 
medications were variously related to retention depending on the setting in which BUP 
was initiated. Predictive modelling revealed that a higher global assessment of functioning 
and a smaller OUD severity based on the Clinical Global Impression – Severity led to longer 
retentions, a higher initial BUP dose led to higher retention in a few cases, an OP setting of 
BUP initiation led to longer retentions, and a lower total number of psychotropic and non- 
psychotropic medications led to longer retentions. These were the most important parameters 
in the model, which identified 75.2% of patients who left BUP treatment within three months 
post-initiation, with a precision of 90.5%.
Conclusion: Of all the OUD patients who began BUP, 50–75% left treatment within three 
months, and most could be accurately identified. This could facilitate patient-centered 
management to better retain OUD patients in BUP treatment.
Keywords: opioids, buprenorphine, buprenorphine dosing, treatment engagement, treatment 
retention, treatment dropout, predictors

Introduction
Opioid use disorder (OUD) entails substantial disability and mortality. Community 
harms include medical and healthcare costs (overdose sequelae and deaths), crime and 
law enforcement costs, transmission of blood-borne diseases, and worsened social 
outcomes (family disruption, loss of employment).1–3 In 2019 in the United States, 
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approximately 9.7 million individuals used prescription pain 
relievers for a non-medical reason, 438,000 reported regular 
heroin use, and more than 1.6 million met diagnostic criteria 
for an OUD. Over the past three years, significantly more 
individuals have received pharmacotherapy for OUD. Yet, 
opioid overdose deaths increased by approximately 4.6%, 
emphasizing the need for continued treatment engagement 
and recovery services.4

Buprenorphine (BUP) is a partial µ-opioid receptor ago
nist approved by the US Food and Drug Administration for 
the maintenance treatment of opioid dependence.4 Use of 
BUP is associated with favorable clinical outcomes, includ
ing harm reduction, treatment retention, and improved illicit- 
drug-free urine screen rates.5 In daily practice, however, 
premature treatment discontinuation remains a major 
obstacle.6 Individuals who remain in addiction treatment 
have higher abstinence and employment rates and lower 
relapse and crime rates than those who drop out.7 Factors 
associated with premature treatment discontinuation include 
limited geographic availability of treatment centers, concerns 
about diversion and overdose hazards, and ambivalence 
about using medications that cause dependence to treat 
opioid dependence.8

Prescriber/clinician-dependent factors may also be 
associated with treatment discontinuation. Inadequate dos
ing of medication treatment for OUD is a common cause 
of treatment failure.9 However, dosing, monitoring, and 
duration of BUP treatment are influenced by a range of 
clinical and contextual factors, which challenge expert 
consensus.10 Clinicians question dosing choices in many 
subgroups, including people with severe addiction symp
toms, high tolerance to opioids, comorbid mental illnesses, 
prisoners, pregnant patients, and polysubstance users.11 

Physicians may also select BUP dosages based on their 
own expertise, and the management of opioid withdrawal 
and OUD symptom severity may differ between inpatient 
and outpatient settings. No conclusive data supports an 
average duration of treatment, and much remains to be 
learned regarding how to maximize BUP effectiveness in 
managing opioid withdrawal in various settings and 
contexts.12

This study used data acquired through the electronic 
health records (EHRs) of a representative group of patients 
with OUD who began BUP as inpatients (IPs), intensive 
outpatients (IOPs), or outpatients (OPs) and were followed 
for up to a year after BUP initiation. This study addresses 
the following questions: (1) When does attrition from BUP 
treatment occur?; (2) What sociodemographic or clinical 

features are associated with attrition from BUP?; (3) What 
BUP dosing patterns were observed in these treatment 
settings, and did they influence attrition rates?; (4) Can a 
meaningful proportion of OUD patients who leave BUP 
prematurely be identified with reasonable certainty 
through pre-treatment and treatment factors?

Materials and Methods
Overview of Study Design
This study is a retrospective secondary analysis of data 
from the Mind-Linc EHR system, developed by the Duke 
University Medical Center, Department of Psychiatry, and 
initiated in 1998.13 EHR data, collected from 23 inpatient 
and outpatient settings, systematically captured data ele
ments to create a fully anonymized, longitudinal data 
repository. Data were collected from behavioral health 
units/clinics from four hospitals in three states (North 
Carolina, Colorado, New York) and seven ambulatory 
community mental health centers in five states (North 
Carolina, Colorado, New York, Indiana, New 
Hampshire). To comply with HIPAA requirements, all 18 
identifiers specified by HIPAA guidelines14 were removed 
from the data repository. The data used for this document 
has been obtained from an analytical dataset generated 
from EHR records that have been versioned and frozen 
and are called R20R1, which comprises data from 559,297 
individuals with more than 22 million recorded encoun
ters. Institutional review board approval was not required 
because MindLinc-EHR data are anonymized.

Participants
Study participants included patients at least 16 years old 
with an OUD diagnosis (Supplementary Table 1) who 
began a BUP-containing medication including BUP/nalox
one at the point of or following the initial EHR recording 
of the OUD diagnosis. This age criterion was selected 
because buprenorphine is FDA-approved for individuals 
aged 16 years and older. BUP treatment could have been 
initiated in IP, OP, or IOP settings. To ensure that all 
patients could have been in treatment for an entire year 
following the initial OUD diagnosis, the initial diagnosis 
had to be entered into EHR between January 1, 2009, and 
December 31, 2018. All participants were required to 
make at least one visit following the baseline visit.

Only patients with complete dosing information during 
the observation period were included in analyses that 
addressed dosing questions.
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Prescription Pre-Processing
When prescriptions overlapped in time, or when the end 
date of a prescription and the start date of the following 
prescription differed by 37 days or less, the prescriptions 
were merged and considered a single prescription. These 
steps were performed iteratively until mergers were no 
longer possible. At the end of this procedure, the first 
prescription duration resulting from all the merges was 
taken as “treatment duration” for the analysis cohort. 
Patients with a gap of >37 days between any two conse
cutive prescriptions were excluded from the dosage cohort.

Only patients who had dosing information on each 
prescription were considered for dosing analysis. For 
each prescription, the dose (eg, 2 mg tablet) and regimen 
(eg, B.I.D.) were combined into a single daily dose (in this 
case 4 mg/day). If prescriptions overlapped over time, the 
dose from the later prescription supplanted that from an 
earlier prescription. Gaps of ≤37 days between prescrip
tions were filled with the dose from the previous 
prescriptions.

Attrition from BUP Medication 
Treatment
Patient attrition from BUP medication treatment was 
declared when the EHR revealed that more than 37 days 
had elapsed following the last visit. Patients were followed 
for up to 1 year after BUP initiation, including up to 37 
days after the last BUP prescription. This 37-day threshold 
was chosen because the Substance Abuse and Mental 
Health Services Administration treatment implementation 
protocol (TIP #40)15 recommends treatment visits every 
30 days or sooner. We allowed an additional seven days in 
consideration of real-world factors that could interfere 
with this scheduling from time to time. Some patients 
who left BUP medication treatment based on this threshold 
could have subsequently returned to treatment. All visits 
after this initial point of attrition were excluded from 
analyses.

Measurements
Since real-world data obtained from EHR systems do not 
always follow ideal triage protocols, several approxima
tions and definitions were incorporated for qualifying and 
quantifying the inclusion/exclusion criteria, the definitions 
of dose and comorbidities, duration of treatment, and 
treatment settings. Since the EHRs did not specify IP, 
IOP or OP settings, we used treatment visits/week within 

the first month of BUP initiation to identify likely treat
ment settings: (1) inpatient/intensive outpatient (IP/IOP) 
settings when at least 3 visits/week and (2) outpatient (OP) 
settings when 0–2 visits/week occurred. More in-depth 
details of the IP/IOP and OP definitions are presented in 
the Supplemental Text.

The Global Assessment of Functioning (GAF) is a 
0–100 scale used by mental health clinicians to rate a 
patient’s overall psychological, social, and occupational 
functioning. Scores range from 100 (extremely high func
tioning) to 1 (severely impaired). The GAF was introduced 
in DSM-III-R and DSM-IV.16–18

The 7-point Clinical Global Impression – Severity (CGI- 
S) scale requires the clinician to rate the severity of the 
patient’s illness at the time of assessment, relative to the 
clinician’s experience with patients with the same diagnosis. 
Higher scores correspond with more severe illness severity 
(eg, 1 = not ill; 7 = among the most severely ill).19,20

Overall, in the MindLinc-EHR database, the CGI-S 
scores were recorded by psychiatrists, clinical psycholo
gists, or other allied health professionals. In total, approxi
mately 84% of patients have CGI-S values recorded. In 
contrast, GAF was recorded less frequently, with only 56% 
of patients having GAF values available.

Descriptive and Statistical Analysis
The study cohort was stratified by sociodemographics, the 
CGI-S, and the GAF on the day of BUP initiation, as well 
as other substance use disorder (SUD) comorbidities 
(Supplementary Table 2), other psychiatric non-SUD 
comorbidities (Supplementary Table 3), and the number 
of psychotropic and non-psychotropic medications 
(Supplementary Table 4) from one year before BUP initia
tion to one year after BUP initiation.

Survival curves were used to compare attrition rates 
across treatment settings and to evaluate the effect of 
various sociodemographic and clinical factors (eg, CGI- 
S, GAF, number of psychotropic medications used, SUD 
comorbidities, and other psychiatric comorbidities). A Log 
rank test was conducted for each set of survival curves to 
test for systematic population-based differences between 
the different survival curves.

To describe changes in dosing patterns, 2-dimensional 
kernel density estimation plots with Gaussian kernels were 
used to visualize systematic differences between the IP/ 
IOP and OP cohorts in the first dose and how the dose 
changed with time. A modified trellis diagram was plotted 
to visualize the counts of patients with major dosing 
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prescriptions, the number who switched from one dose to 
another, and the number who completed or dropped out of 
treatment after i-th each change in dose, with each node 
scaled according to the number of patients at that node. 
Major changes in the patient populations from one dose to 
another are represented by edges from one node to another.

Predictive Modelling
A discriminative model was used to predict the time to 
dropout. Due to the problem’s complexity, a nonlinear 
Random Forest Regression model21 was used, as imple
mented in the Scikit-Learn library.22

The following baseline parameters were used as inputs 
to the model: (1) other SUD comorbidities at baseline, 
grouped as alcohol, stimulant, sedative-hypnotic-anxioly
tic, hallucinogen, or cannabis-related disorders; (2) num
ber of comorbid non-SUD psychiatric disorders based on 
ICD-9-CM and ICD-10-CM coding in the database 
(Supplementary Table 3), grouped into the categories “0 
comorbidities,” “1–2 comorbidities,” and “>2 comorbid
ities”; (3) the presence/absence of a comorbid SUD dis
order (with baseline including up to one year prior to and 
one year following BUP initiation since SUD comorbid
ities are inconsistently recorded at each visit); (4) baseline 
GAF scores prior to BUP initiation (and up to one month 
following initiation), to which 387 patients did not have 
such GAF measurements (ie, 5.9% of IP/IOP and 27.3% of 
OP patients). For these patients, a value of 50 for the OP 
cohort and 70 for the IP and IOP cohorts were obtained by 
employing a grid search by using the missing GAF values 
as hyperparameters and imputed; (5) baseline CGI-S - 
where multiple CGI-S values were available within a six- 
month window prior to BUP initiation, all values were 
averaged to compute baseline CGI-S value; (6) treatment 
setting at BUP initiation (IP/IOP/OP); (7) Race (White, 
Black, Asian, Other); (8) Ethnicity (Hispanic, non- 
Hispanic); (9) Gender (Male, Female, Unknown); (10) 
number of non-SUD psychiatric comorbidities at baseline 
(defined as from up to one year before to one year after 
BUP initiation); (11) Initial prescribed BUP dose; (12) The 
total number of psychotropic and non-psychotropic medi
cations prescribed to the patient at and up to six months 
prior to starting BUP.

Since many factors (beyond those measured) affect 
time to drop out, we grouped patients by the time periods 
([0–3], [3–6], [6–9], [9–12] months [the latter including 
those without dropout]) during which dropouts occurred.

To predict early dropouts, we also grouped those with 
early (0–3 months) dropout vs all others based on the 
grouping from the model mentioned above. To compute 
the efficacy of the model, data were randomly split into 
training and testing sets (70% and 30%, respectively). For 
hyperparameter optimization, we used a five-fold cross- 
validation within the training data.

Results
Study Sample Formation
Figure 1 (Consort Diagram) shows how the full (n = 5158) 
and dosing analytic samples (n = 3188) were formed from the 
34,756 patients who received an ICD-9-CM and ICD-10-CM 
diagnostic code for an OUD (Supplementary Table 1).

Study Sample Description
Table 1 summarizes the sociodemographic features of the 
full sample (n = 5158). Most of the patients were white 
and under 35 years of age.

Table 2 summarizes baseline clinical information. 
Overall, 60–70% of OUD patients had at least one other 
non-SUD psychiatric diagnosis. About 1/3 of OUD 
patients were also prescribed at least two psychotropic 
medications (in addition to BUP).

Table 3 summarizes the GAF and the CGI-S scale 
scores overall and for each subsample. As might be 
expected, those whose BUP treatment were initiated as 
IPs/IOPs suffered greater illness severity (higher CGI-S 
scores) and poorer function (lower GAF scores).

Factors Associated with Attrition
A series of survival curve analyses were conducted using all 
data collected over the year following BUP initiation. Figure 2 
shows that attrition is nearly twice as likely for those initiating 
BUP in IP/IOP settings than in OP settings. The survival 
probability at two months was 25% in the IP/IOP cohort and 
50% in the OP cohort. At the end of the year, survival prob
ability was 4% for the IP/IOP cohort and 14% for the OP 
cohort.

GAF and CGI-S Survival Scores
For IP/IOP patients, those with better GAF (higher) scores 
were more likely to remain in treatment, while for OPs, 
those with very poor GAF scores were more likely to leave 
prematurely and rapidly (Supplemental Figure 1A and B). 
In the IP/IOP cohort, for the GAF groups of 1–30, 31–40, 
41–50, and 51–100, the survival probability at one month 
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was 44%, 51%, 54%, and 63%, respectively. In the OP, the 
corresponding probabilities were 17%, 52%, 63%, and 
52%, respectively. Regardless of the setting of BUP initia
tion, those with greater illness severity (CGI-S) (higher) 
scores had greater risk of attrition (Supplemental 
Figure 1C and D).

Sociodemographic Factors
Regardless of the site of BUP initiation, males were more 
likely than females to drop out of treatment. For the IP/ 
IOP cohort, the survival probabilities for females and 
males at one month were 57% and 48%, respectively; for 
OPs, the corresponding probabilities were 67% and 62%, 

Figure 1 Attrition chart for full analytic (n=5158) and dosing analytic cohorts (n=3188). 
Abbreviations: OUD, Opioid Use Disorder; BUP, buprenorphine.

Table 1 Baselinea Sociodemographic Features of the Full Analytic Sample (n=5158)

Demographic Information Socio-Demographic Categories % of IP+IOP (n=2749) % of OP (n=2409) % of All (n=5158)

Gender Female 45.8 45.3 45.6
Male 54.2 54.7 54.4
Unknown - 0.04 0.02

Age 16–24 29.8 22.8 26.6
25–34 36.3 37.0 36.7

35–49 24.6 28.9 26.6

50+ 9.2 11.3 10.2

Race Black or African American 3.3 2.2 2.8
White 92.5 74.8 84.2

Other Race/Unknown 4.3 22.9 13.0

Ethnicity Hispanic or Latino 2.2 3.3 2.7

Not Hispanic or Latino 85.7 67.9 77.4

Ethnic group unknown 12.2 28.8 20.0

Notes: aBaseline defined at the time of BUP initiation. Estimated treatment setting at BUP initiation: IP (inpatient) 22.3% (1150/5158); Intensive Outpatient (IOP) 31.0:% 
(1599/5158): Outpatient (OP) 46.7% (2409/5158).
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Table 2 Clinical Features of the Full Analytic Sample at Baselines

Demographic Information Demographic Classes % of IP+IOP (n=2749) % of OP (n=2409) % of All (n=5158)

Comorbid SUD Alcohol 20.0 17.1 18.6
Stimulant 15.2 10.4 13.0

Sedative/Hypnotic/ 
Anxiolytic

17.6 7.1 12.7

Cannabis 21.1 13.3 17.4

No. of non-SUD psychiatric 

comorbidities

0 30.1 40.9 35.1
1 34.3 36.2 35.2
2 21.4 15.4 18.6

3 9.5 5.1 7.4

4 3.5 1.9 2.7
5+ 1.3 0.5 0.9

No. of psychotropic medications 0 49.0 53.9 51.3
1 19.5 20.7 20.1

2 13.7 13.0 13.4

3 9.2 6.6 8.0
4 5.1 3.2 4.2

5+ 3.5 2.7 3.2

No. of non-psychotropic medications 0 92.2 96.2 94.1

1 5.6 3.1 4.4

2 0.8 0.5 0.6
3 1.2 0.3 0.8

4 0.2 - 0.1

Notes: sBaseline information herein includes all available information entered in the EHR any time between 1 year before to 1 year after BUP initiation Estimated treatment 
setting at BUP initiation: Inpatient (IP) 22.3% (1150/5158); Intensive Outpatient (IOP) 31.0:% (1599/5158): Outpatient (OP) 46.7% (2409/5158). 
Abbreviations: SUD, Substance Use Disorder; BUP, buprenorphine; EHR, Electronic Hospital Records.

Table 3 GAF and CGI-S of the Analytic Sample at Baselinea

Scale Score (Range) % of IP+IOP (n=2749) % of OP (n=2409) % of All (n=5158)

CGI-S† 1 (normal, not at all ill) 1.4 1.0 1.2
2 (borderline mentally ill) 0.4 4.1 2.1

3 (mildly ill) 1.8 12.6 6.8
4 (moderately ill) 10.2 31.4 20.1

5 (markedly ill) 30.2 29.0 29.6

6 (severely ill) 23.4 8.1 16.2
7 (most extremely ill) 3.1 0.8 2.0

GAF† 1–10 (very impaired) 0.07 0.04 0.06
11–20 0.6 0.3 0.5

21–30 (impaired communication/judgement) 4.2 0.9 2.6
31–40 19.6 5.9 13.2

41–50 (seriously impaired function) 21.2 11.2 16.6

51–60 4.5 9.1 6.7
61–70 (moderate interpersonal difficulties) 1.1 3.9 2.4

71–80 0.2 2.9 1.5

81–90 (good function) 0.2 1.9 1.0
91–100 (superior functioning) - - -

Notes: aBaseline defined as the day of BUP initiation. Estimated treatment setting at BUP initiation: Inpatient (IP) 22.3% (1150/5158); Intensive Outpatient (IOP) 31.0:% 
(1599/51,558): Outpatient (IP) 46.7% (2409/5158). †22% of people did not have a CGI-S recorded on BUP initiation; 55.4% of people did not have a GAF at BUP initiation; 
thus percentages in this table do not add to 100% vertically. 
Abbreviations: GAF, Global Assessment of Functioning; CGI-S, Clinical Global Impression -Severity; BUP, buprenorphine.
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respectively. At year’s end, IP/IOP survival probabilities 
were 5% and 3%, respectively, while for OPs they were 
17% and 12%, respectively (Supplemental Figure 2A 
and B).

Overall, younger patients were more likely to drop out 
than older patients in the IP/IOP cohort, while age was 
unrelated to dropout in the OP cohort. For the IP/IOP 
cohort, for the age groups 16–24, 25–34, 35–49, and 50+, 
the survival probabilities at one month were 48%, 54%, 
57%, and 48%. At year’s end, the corresponding probabil
ities were 1%, 5%, 5%, and 3%, respectively (Supplemental 
Figure 3).

Due to imbalanced groups of race and ethnicity, com
parisons of survival curves between these groups were not 
meaningful.

Comorbid Substance Use Disorder 
Diagnoses
To identify whether various SUD comorbidities (in addi
tion to the OUD) affected treatment attrition, survival 
analysis compared patients with the specified comorbid 
SUD to those without any comorbid SUD. 
(Supplementary Table 2 details how comorbid SUDs 
were grouped based on the diagnostic codes).

Comorbid alcohol use disorder was associated with 
better retention if BUP was initiated in IOP/IP settings 
but was unrelated to retention for OP initiators. In the IP/ 
IOP cohort, for the groups without and with an alcohol 
disorder diagnosis, the survival probabilities at one month 
were 49% and 54%, respectively, and at year’s end, 

corresponding probabilities for the IP/IOP cohorts were 
3% and 9%, respectively (Supplemental Figure 4A and B).

Comorbid stimulant use disorder was associated with 
better retention when BUP was initiated in IP/IOP settings. 
For OPs, those with comorbid stimulant disorders were 
more likely to drop out than those without SUD comor
bidity. In the IP/IOP cohort, for the groups without and 
with a diagnosis of SUD, the survival probabilities at one 
month were 49% and 58%, respectively. In OP initiators, 
the corresponding probabilities were 66% and 55%, 
respectively. At year’s end for the IP/IOP cohort, the 
corresponding probabilities were 3% and 5%, respectively, 
while those for the OP initiators were 15% and 9%, 
respectively (Supplemental Figure 4C and D).

Comorbid cannabis use disorder did not affect dropout 
for IP/IOP initiators but raised the risk of dropout for OP 
initiators. In the OP cohort, for the groups without and 
with a diagnosis of a cannabis use disorder, the survival 
probabilities at one month were 66% and 54%, respec
tively; and at year’s end were 15% and 8%, respectively.

Comorbid sedative/hypnotic use disorder was unrelated 
to attrition regardless of initiation setting.

Comorbid Psychiatric Diagnoses and 
Treatments
The number of comorbid psychiatric conditions (other 
than SUD) had no effect on attrition from BUP medication 
treatment for the OP cohort. For the IP/IOP cohort, 
patients diagnosed with a higher number of psychiatric 
conditions were less likely to drop out. The survival prob
abilities at one month for those with 0, 1–2, and 3+ other 
psychiatric comorbidities were 47%, 52%, and 63%, 
respectively (Supplemental Figure 5).

When BUP was initiated in IOP/IP settings, the num
ber of prescribed psychotropic medications was unrelated 
to attrition. In OP settings, patients prescribed more psy
chotropic medications were more likely to drop out than 
those prescribed fewer. In the OP cohort, the survival 
probabilities at one month for those prescribed 0, 1–2, 
and 3+ psychotropics were 66%, 65%, and 59%, respec
tively. For OPs at year’s end, corresponding probabilities 
were 17%, 10%, and 9%, respectively (Supplemental 
Figure 6A and B).

In both settings, patients prescribed any non-psycho
tropic medication were more likely to leave BUP treatment 
than those prescribed none. For the IP/IOP cohort, survival 
probabilities at one month were 40% and 53%, 

Figure 2 Survival curves based on site of BUP initiation, showing that the IP/IOP 
cohort has a greater attrition. 
Abbreviations: BUP, buprenorphine; IP, Inpatient; IOP, Intensive Outpatient; OP, 
Outpatient.
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respectively. For OPs, corresponding probabilities were 
49% and 65%, respectively. The corresponding probabil
ities were 2% and 4% at year’s end, respectively, for the 
IP/IOP cohort, and 7% and 14%, respectively, for the OP 
cohort (Supplemental Figure 6C and D).

Overall Pattern of BUP Dosing
Supplemental Figure 7 summarizes the number of patients 
undergoing various numbers of BUP dose changes in each 
setting (IP/IOP and OP). Most patients who initiated as 
OPs did not have a dose change. Few patients had more 
than three dose changes.

To visualize the dosing trajectories in relation to peri
ods of retention in treatment, patients were grouped as 
early (≤30 days), medium-term (31–180 days), and late- 
term dropouts (181–360 days), or 1-year completers. For 
each patient, both the initial dose prescribed and the slope 
for dose adjustments thereafter were computed based upon 
all administered doses. Greater degrees and faster rates of 
dose increases elevate the slope (a + slope indicates 
increasing dose) (Figure 3A). A linear function was used 
to describe dosing trajectories since most patients were 
prescribed fewer than four different doses.

Most IP/IOP and OP patients were initially prescribed 
8 to 16 mg/day. There were no meaningful differences in 
initial doses between early-, midterm-, and later-attritting 
patients in either the OP or IP/IOP groups.

The initial dosing pattern and the pattern of dose 
changes over time appear to diverge between the IP/IOP 
group and the OP group. Both the magnitude of dose 
changes (greater for IP/IOP initiators) and the times 
between dose changes (briefer for IP/IOP) distinguished 
those initiating in IP/IOP and OP settings. These differ
ences are consistent with clinical practice as patients can 
be more closely monitored in IP/IOP settings for safety 
and efficacy. Further, OPs underwent a lower rate of dos
ing changes overall, as seen in the smaller spread on the 
x-axis representing the slope (Figure 3B and C).

Dosing Trajectory
Overall, 2146 IP/IOP-initiating participants (Figure 4) and 
1042 OP-initiating participants (Figure 5) received an 
initial BUP dose (dose 0). In both Figures 4 and 5, panels 
(A), (B), (C), and (E) have plots aligned based on a change 
in the BUP dose as annotated in panel (C) by Dose 0 or 
baseline dose, the first dose change thereafter (Dose 1), 
and subsequent dose changes (Doses 2, 3, and 4).

For IP/IOPs, most patients dropped out within the first 
few weeks after initiating BUP. Overall, 33.4% began with 
16 mg/day. Of these patients, 97 had a dose change to 24 
mg/day, 107 had a dose change to 8 mg/day, and 126 had 
dose changes to other doses. The number of patients who 
changed to other doses was significantly smaller than the 
rest and is not shown for the sake of clarity. Hence, 381 
dropped out before any dose change. Most dose changes 
occurred within a few weeks of the prior dose change 
(Figures 4 and 5 – panel E). After two dose changes, 
66.4% had dropped out. Few people had meaningful 
dose changes after the first two.

For OPs, most dropped out of treatment within the first 
4–5 weeks regardless of the initial dose. The largest num
ber, 41.7%, began with 16 mg/day and remained at that 
dose. About a quarter of patients (n = 100) were prescribed 
a second, different dose. Of these, 23% (n = 23) received 
an increase in dose to 24 mg/day and 77% (n = 77) 
received a decrease in dose.

Predictive Model on Dosing Cohort
A discriminative nonlinear Random Forest Regression 
model was used to predict the time to dropout 
(Figure 6A). The training and test set results were in 
substantial agreement for predicting attrition within three 
months following BUP initiation (as might be expected 
since most left within this period, and other psychosocial 
factors likely contributed more to subsequent treatment 
departures).

To quantify the model performance in identifying early 
dropouts, predictions for the training dataset, along with 
the predicted values, were binned into two classes – those 
who dropped out within the first 3 months and those who 
dropped out after that. Figure 6B (the confusion matrix) 
revealed precision and recall (analogous to sensitivity) to 
be 90.5% and 75.2%, respectively. Thus, about ¾ of those 
who dropped out within 3 months were identified with 
90% certainty by the model.

Baseline GAF, CGI-S, number of (psychotropic and 
non-psychotropic) medications, initial BUP dose (mg/ 
day), BUP initiation setting (OP or IP/IOP), gender, 1–2 
non-SUD comorbidities, and comorbid alcohol use disor
der were the most important parameters that contributed to 
the regression estimates based on the “feature importance” 
property of the trained Random Forest.23

A SHapley Additive exPlanations (SHAP) value24 was 
calculated for each patient to determine qualitatively how 
a particular parameter affected the model’s predictive 
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Figure 3 Overall dosing patterns, heatmaps, showing that the IP/IOP cohort exhibited a greater rate of dose change. 
Notes: Panel (A) illustrates slope calculation in 3 scenarios: the first scenario is initially prescribed only a single 8 mg dose of BUP. The slope is 0 mg/day 2. The second 
scenario had two different doses – 12 mg/day initially followed by a second 8mg/day dose on day 88; slope was calculated −0.05 mg/day 2. The third scenario had an initial 
dose at 16 mg/day, a second dose lowered to 8 mg/day on day 361, and a third dose increased back to 16 mg/day on day 367. The slope is calculated −0.01 mg/day 2. Panels 
(B) and (C) illustrate the initial BUP doses and slopes calculated from each patient in the IP/IOP and OP cohorts, respectively, using a 2D-KDE plot, with slope on the x-axis 
and the initial dose on the y-axis. Regions with darker color represent areas with higher patient densities. The plots estimate the overall dosing trajectory patterns for the 
different cohorts, within their different attrition times. 
Abbreviations: BUP, buprenorphine; IP, Inpatient; IOP, Intensive Outpatient; OP, Outpatient; 2D-KDE, 2-Dimensional Kernel Density Estimation.
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capabilities. Higher SHAP values indicate longer times to 
dropout.

Figure 7 shows that higher (better functioning) GAF 
scores (range 0–100) (mostly yellow) are associated with 

longer times to dropout; lower GAF scores are associated 
with shorter times to dropout, which is consistent with the 
survival curves analyses (Supplemental Figure 1). Those 
with lower CGI-S scores (less severe) tended to stay 

Figure 4 IP/IOP Dosing Cohort (n=2146) showing that most of the IP/IOP cohort started at 16 mg/day and had varied dose trajectories. 
Notes: Each histogram in panel (A) describes the distribution of weeks to dropout following each new dose. The first histogram describes the distribution of weeks to 
dropout following the initial BUP baseline dose (Dose 0). Subsequent histograms describe the distribution of weeks to dropout following the first BUP dose change (Dose 
1), the second (Dose 2) and the third (Dose 3). Panel (B) consists of two sets of plots. The first set summarizes the number of patients who dropped out after each dose 
(Doses 0–3). For example, 944/2146 (43.99%) of IP/IOP initiating patients dropped out after only the first dose (between Doses 0 and 1); 482/1190 (40.50%) of participants 
dropped out between the first and second dose changes (Dose 1 to Dose 2); and so on. The second set summarizes the number of patients who completed treatment after 
each dose (Doses 0–3). For example, 12/2146 (0.006%) of patients completed the full year of treatment after receiving their first dose without needing to change to a new 
dose; 4/1190 (0.003%) patients completed treatment after taking the second dose that was different from the first, and so on. Panel (C) (modified trellis plot) depicts the 
number of patients who were prescribed a specific BUP dose on each of the dosing occasions. The y-axis represents the prescribed dose in mg/day. The presence of a circle 
represents that a particular number of patients have been prescribed a particular dose of medication at the baseline dose (“Dose 0”) and at subsequent dose changes (“Dose 
1” – “Dose 4”). Circle sizes are proportional to the number of patients prescribed a particular dose. For common doses, the circles are large, and the numbers of patients so 
prescribed are noted within the circle. When a significant number of patients change from one dose to another, this transition is represented by an arrow that points from a 
previous dose to the next dose. The number of patients who transition from one dose to another is provided close to the stem of the arrow. The opacity of the arrow is 
proportional to the number of patients who make a particular transition from one dose to another. Panel (D) shows the total number of patients who were prescribed a 
particular dose (at any point within the one-year observation period). Panel (E) provides histograms that summarize the weeks taken to move to the next dose, following an 
earlier dose. For example, the first histogram represents the time between Dose 0 and the first dose change (Dose 1). 
Abbreviations: IP, Inpatient; IOP, Intensive Outpatient; BUP, buprenorphine.
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longer in treatment, as expected clinically and from the 
survival curves in Supplemental Figure 1C and D. Patients 
prescribed more psychotropic, and non-psychotropic 

medications did worse in terms of retention. In terms of 
retention based on predictive modelling results, BUP dose 
had minimal effect the majority of the time. The setting of 

Figure 5 OP Dosing Cohort (n=1042), showing that most of the OP cohort started at 16 mg/day and most had decreased to 8 mg/day at the first dose change. 
Notes: Each histogram in panel (A) describes the distribution of weeks to dropout following each new dose. The first histogram describes the distribution of weeks to 
dropout following the initial BUP baseline dose (Dose 0). Subsequent histograms describe the distribution of weeks to dropout following the first BUP dose change (Dose 
1), the second (Dose 2) and the third (Dose 3). Panel (B) consists of two sets of plots. The first set summarizes the number of patients who dropped out after each dose 
(Doses 0–3). For example, 747/1042 (71.69%) of participants dropped out after only the first dose (between Doses 0 and 1); 128/258 (49.61%) of participants dropped out 
between the first and second dose changes (Dose 1 to Dose 2); and so on. The second set summarizes the number of patients who completed treatment after each dose 
(Doses 0–3). For example, 37/1042 (0.036%) of patients completed the full year of treatment after receiving their first dose without needing to change to a new dose; 27/258 
(0.105%) patients completed treatment after taking the second dose that was different from the first, and so on. Panel (C) (modified trellis plot) depicts the numbers of 
patients who were prescribed a specific BUP dose on each of the dosing occasions. The y-axis represents the prescribed dose in mg/day. The presence of a circle represents 
that a particular number of patients have been prescribed a particular dose of medication at the baseline dose (“Dose 0”) and at subsequent dose changes (“Dose 1” – “Dose 
4”). Circle sizes are proportional to the number of patients prescribed a particular dose. For common doses, the circles are large, and the numbers of patients so prescribed 
are noted within the circle. When a significant number of patients change from one dose to another, this transition is represented by an arrow that points from a previous 
dose to the next dose. The number of patients who transition from one dose to another is provided close to the stem of the arrow. The opacity of the arrow is proportional 
to the number of patients who make a particular transition from one dose to another. Panel (D) shows the total number of patients who were prescribed a particular dose 
(at any point within the one-year observation period). Panel (E) provides histograms that summarize the weeks taken to move to the next dose, following an earlier dose. 
For example, the first histogram represents the time between Dose 0 and the first dose change (Dose 1). 
Abbreviations: OP, outpatient; BUP, buprenorphine.
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BUP initiation significantly contributed to the prediction 
of dropouts above and beyond the CGI-S and GAF scores 
that also differentiated the two settings.

Discussion
The EHRs of a large representative sample of adults with 
OUD revealed that most OUD patients are not benefiting 
from BUP treatment due to high and rapid attrition. 
Survival analyses revealed that attrition was twice as 
high when BUP was initiated in IP/IOP than in OP 

settings. After two months, only 25% of IOP/IP initiators 
were still in treatment compared to 50% of OP initiators. 
After six months, the corresponding percentages were 8% 
and 26%, respectively, and 3% and 13%, respectively, 
after one year. Regardless of where BUP was initiated, 
females, whites, and those with less severe OUD, better 
function, or taking no non-psychotropic medications were 
more likely to stay in treatment.

On the other hand, various clinical and sociodemo
graphic parameters were differentially associated with 
treatment attrition based on the setting in which BUP 
was initiated. For example, comorbid SUD was associated 
with greater retention when BUP was initiated in OP 
settings but poorer retention if initiated in IP/IOP settings. 
Comorbid alcohol use disorder was associated with greater 
retention but only for those initiating BUP in IP/IOP set
tings. Conversely, the number of prescribed psychotropic 
medications was unrelated to retention for IP/IOP initia
tors, but for OPs, those being prescribed more psychotro
pic medications were at greater risk for attrition.

Our overall attrition rates were higher than some rates 
reported in some large Medicare claims database analyses. 
For example, Manhapra et al25 reported that 15% were lost 
in the first 30 days and another 40% did not complete the 
year, leaving 45% who completed a year of BUP. On the 
other hand, Presnall et al26 used Missouri Medicaid data to 
compare attrition among different types of OUD treatment 

Figure 6 Predictive Model performance, showing precision and recall (analogous to 
sensitivity) to be 90.5% and 75.2%, Panel (A) shows the box plot for predicted 
values of days to dropout for both training and test sets. Box plot is a five-number 
summary of a set of data which includes minimum, first quartile, median, third 
quartile and maximum. Panel (B) provides the confusion matrix to show the 
number of correctly and wrongly predicted values by the model. The days to 
dropout window have been divided into less than and equal to 3 months and 
greater than 3 months in this figure.

Figure 7 Feature importance scorea, showing the importance of each feature in 
decreasing order. aThe x-axis represents the importance of each parameter in 
contributing to prediction of time to dropout. 
Notes: Higher SHAP values indicate longer times to dropout. Medications include 
both psychotropic and non-psychotropic medications. #Comorbid includes non- 
SUD psychiatric comorbidities. 
Abbreviations: GAF, Global Assessment of Functioning; CGI-S, Clinical Global 
Impression-Severity; BUP, buprenorphine; OP, Outpatient; SUD, Substance Use 
Disorder; SHAP, SHapley Additive exPlanations.
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programs that used BUP in over 11,000 patients. The 
median retention in treatment was 59 days, which closely 
approximates the 50% retention that we found for those 
who initiated BUP as OPs. Analogous to our finding that 
treatment setting mattered in terms of retention, Presnall 
et al26 also found that retention differed across treatment 
program types. The median retention time was 126 days 
for patients in an office-based medical setting practice 
compared to only 22 days when BUP was added to well 
established, primarily psychosocial treatment programs.

We found that men, blacks, and younger patients (espe
cially IP/IOPs initiators) were at greater risk of attrition, 
which is consistent with other reports.26–33 However, this 
study and the aforementioned reports do not provide an 
all-encompassing look at structural and implicit biases, 
thus potentially confounding some of our demographic 
results. Our findings are also consistent with studies34–36 

which found higher attrition rates during BUP treatment 
for OUD in the context of more concurrent SUDs (eg, 
stimulant or alcohol use disorders).

Practice guidelines recommend that clinically effective 
BUP doses should be achieved as rapidly as possible to 
alleviate withdrawal symptoms and cravings.37 Previous lar
gely outpatient studies have shown that higher BUP doses are 
usually associated with better retention.38 Gradual induction 
over several days has led to higher dropout rates during the 
induction period.39 Higher BUP induction doses significantly 
decrease relapse rates and increase the percentage of patients 
achieving maintenance treatment. For example, in an obser
vational study, Leonardi et al39 found that more than half 
(51.2%) of all patients who were induced with 2 mg/day of 
BUP relapsed, compared to 39.2% of those who initiated on 
4 mg/day, 31.5% of those on 8 mg/day, and 20.6% of those 
on 10 mg/day. Overall, nearly all (89.7%) patients induced at 
16 mg/d completed the 3-day induction.

Further, it is recognized that the initial dose and its 
subsequent changes are affected by setting, patient, and 
clinical factors such as recent opioid use, concurrent seda
tive use,40 current mental illness, psychotropic medication 
use, and other clinical factors,11 in addition to the above- 
noted sociodemographic factors.

This study found that initial dose choices and the 
nature of subsequent dose changes differed depending on 
where BUP was initiated (more IP/IOP initiators received 
higher initial doses and more rapid dose changes). We 
found that 55% of IP/IOP initiates and 73% of OP initiates 
started at either 8 or 16 mg/day. For IP/IOP initiates 
starting at 16 mg/day, the second dose was as likely to 

increase as a decrease, while for OPs initiating at 16mg/ 
day, a dose reduction was three times more likely than an 
increase. For IP/IOP patients starting at 8 mg/day, a dose 
increase was three times more likely than a decrease, as 
was the case for OP initiators.

Our survival analysis also showed that a variety of 
baseline clinical and sociodemographic parameters were 
differentially associated with attrition. These factors likely 
differentially interact and affect attrition across different 
individuals in different settings. Therefore, we used non
linear modelling to identify specific parameters that char
acterized early attritors (within three months of BUP 
initiation). The model entailed eight parameters, the most 
important of which were baseline OUD severity (CGI-S), 
function (GAF), initial BUP dose, setting at BUP initia
tion, number of psychotropic and non-psychotropic medi
cations, and gender. The model performance was clinically 
useful given its 90% precision for 75% of those who left 
within 3 months, which would enable targeting of inter
ventions to enhance retention in treatment.

These results confirm that both patient risk factors and 
the treatment environment are valuable in predicting treat
ment drop-out. As suggested by a systematic review of 
112 studies by Brorson et al,6 the most consistent patient 
factors associated with higher risk of dropout from addic
tion treatment include younger age, cognitive deficits, 
lower education level, polysubstance use, a diagnosis of 
antisocial or histrionic personality disorder, lower thera
peutic alliance, and lower treatment satisfaction. This sys
tematic review also briefly discussed treatment process 
factors and the impact of the treatment environment. Our 
results provide further details on how treatment initiation 
between IP/IOP and OP settings may influence treatment 
dropout.

Limitations
Study limitations include: (1) Data were collected over a 
decade, so findings may not generalize to today’s OUD 
treatment programs; (2) Several factors that could influ
ence treatment attrition were not captured (eg, treatment 
adherence, dose frequency, transportation challenges, 
friendship patterns, current stressors, social adjustment, 
perceived self-efficacy, service satisfaction, employment 
status, housing status, criminal record, insurance status, 
etc.);41,42 (3) Study was conducted based on observational 
data and patient-level factors may contribute to how treat
ment variables affect attrition; (3) Treatment setting was 
inferred from the visit/week frequency; (4) Some patients 
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who dropped out could have returned for treatment.; (5) 
GAF and CGI-S measures were obtained by clinicians 
without reliability training; (6) GAF measures were col
lected more intermittently than the CGI-S, such that GAF 
scores may not have been missing at random, which could 
have affected the model and the imputation of the GAF 
scores.

Conclusion
Only 25–50% of OUD patients who began BUP were still 
in BUP treatment two months later. Most (75%) of patients 
who left the treatment within the first three months were 
identifiable (90% precision) using a few parameters (eg, 
baseline function, OUD severity, initial BUP dose, and the 
number of concomitant psychotropic medications). Major 
innovations are needed to reduce treatment attrition by 
OUD patients treated with BUP.

Abbreviations
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