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T he United States is experiencing an opioid abuse epi-

demic, characterized by increases in the use of illicit 

drugs and misuse of prescription opioid analgesics.1,2 

Healthcare costs associated with opioid use disorder (OUD) have 

been estimated at $72 billion annually, with societal costs in 

excess of $50 billion.3 In response, the White House issued a 

mandate to improve access to OUD treatment,4-7 but significant 

challenges to the success of treatment remain, including initia-

tion and persistence with treatment.

Medication-assisted treatment (MAT) for OUD includes metha-

done (M-MAT), naltrexone, and buprenorphine (B-MAT). Approval 

of B-MAT in 2002 addressed many of the barriers and stigmas asso-

ciated with M-MAT.7-11 Yet, fewer than 50% of OUD patients receive 

MAT of any form,11-13 and between 40% and 60% of all substance 

abuse patients relapse within 1 year of discharge.7,14-16 Therefore, 

more effective outpatient OUD treatment models, including 

improved patient–treatment matching are needed. 

Nonadherence with buprenorphine and the associated elevated 

risk of relapse are pervasive challenges in the treatment of OUD. 

Although OUD is often characterized as a chronic relapsing dis-

order, treatment nonadherence is likely a contributing factor, as 

nonadherent patients incur significantly greater healthcare costs 

and have higher relapse rates than adherent patients.17,18 Although 

some patient and treatment characteristics are predictive of lower 

retention in therapy, treatment characteristics associated with 

buprenorphine nonadherence remain unclear, as does their pos-

sible relationship to relapse.19-22 

This study extends existing literature on B-MAT treatment fail-

ure and explores the factors associated with B-MAT medication 

nonadherence. An improved understanding of B-MAT adherence 

patterns could help providers identify early signs of nonadherence 

and lead to more effective patient–treatment matching. These 

analyses were designed to examine relationships among buprenor-

phine utilization, patient characteristics, and patient outcomes 

within administrative claims data to identify characteristics asso-

ciated with nonadherent behavior in order to provide the insight 
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ABSTRACT

OBJECTIVES: To examine patient characteristics and 
outcomes associated with nonadherence to buprenorphine 
and to identify specific patterns of nonadherent behavior.

STUDY DESIGN: Cross-sectional, retrospective analysis of 
health claims data.

METHODS: Aetna’s administrative claims data were used 
to categorize incident opioid use disorder (OUD) patients 
based on buprenorphine medication possession ratio 
(MPR) into adherent (n = 172) and nonadherent (n = 305) 
groups. Adherent groups were then divided into 5 subgroups 
based on level of MPR, as well as 2 a priori–defined 
groups: intermittent adherent (IA) and early treatment 
discontinuation—no consequences (ETDNC). Groups were 
compared on patient characteristics and outcomes.  

RESULTS: Nonadherent members incurred significantly 
greater healthcare costs and were more likely to relapse (P 
<.05). The use of high-cost healthcare services increased as 
a function of decreasing MPR (P <.05). Assessment of the a 
priori groups revealed IA members to have outcomes similar 
to nonadherent patients, while ETDNC members exhibited 
outcomes similar to adherent members.

CONCLUSIONS: Administrative claims can be used to define 
subgroups of buprenorphine-medication assisted treatment 
(B-MAT) patients. Nonadherence was related to an increased 
likelihood of relapse, and there is an inverse relationship 
between MPR and cost. The heterogeneity observed within 
this sample indicates that treatment regimens effective 
for 1 subgroup may not be appropriate for all OUD patients. 
Increased understanding of B-MAT nonadherent subgroups 
may facilitate development of new interventions and 
medications specifically designed for nonadherent B-MAT 
patients, potentially leading to improved outcomes and 
reduced costs of care. 
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necessary to more effectively manage OUD 

patient populations. 

METHODS
Data Source

De-identified administrative commercial 

claims data (Q1 2012-Q1 2015) were supplied by 

Aetna, and the study was approved by Aetna’s 

human research protection safety commit-

tee. The following criteria were imposed (Table 1): 1) at least a 28 

days’ supply of buprenorphine (single ingredient or combination 

with naloxone) during measurement year; 2) diagnosis of opioid 

dependence (International Classification of Diseases, Ninth Revision, 

Clinical Modification [ICD-9-CM] procedure codes 304.0x; 304.7x), 

opioid abuse (305.5x), or opioid poisoning (965.0x); 3) 6-month 

buprenorphine-naïve period preceding earliest buprenorphine fill; 

4) continuous eligibility with medical and pharmacy benefits for 6 

months prior to (naïve period) and 12 months following (follow-up 

period) the earliest buprenorphine fill on record (index date); and 

5) 18 years or older on the index date.

Patients with serious mental illnesses, neurological disorders, 

or at the end of life, were excluded from analyses. The follow-

ing diagnoses (ICD-9-CM codes in parenthesis) were the basis for 

exclusion: adult failure to thrive (783.7); Alzheimer’s and other 

cerebral degenerations (331.x); chronic liver disease and cirrhosis 

(571.x); end-stage renal disease (585.6); dementias (290.x); debility, 

not otherwise specified (799.3); heart failure (428.x); Parkinson’s 

disease (332.x); schizophrenia (295.x); and senility without men-

tion of psychosis (797.x).

Study Groups 

Members were divided into adherent and nonadherent groups 

based on their buprenorphine medication 

possession ratio (MPR). For the current study, 

adherence was calculated by dividing the total 

days’ supply of medication by the length of 

the study window (12 months) 23:  

MPR = 
total days’ supply of buprenorphine

1 year post period (365 days)

An MPR cutoff of 0.80 was used to demar-

cate adherent from nonadherent members.24 

B-MAT Subgroups

MPR subgroups. B-MAT subgroups were 

identified by patterns of buprenorphine fills 

during the post period. Two methodologies 

were used to divide cases into subgroups. The 

first method stratified nonadherent members based on postperiod 

MPR. The nonadherent MPR subgroups were based on equal incre-

ments of 0.20: 1) 0.00-0.19, 2) 0.20-0.39, 3) 0.40-0.59, 4) 0.60-0.79.

Clinical subgroups. The second methodology was based on 

buprenorphine fill patterns consistent with 2 hypothesized groups 

described during communication with Aetna medical and psy-

chiatric leadership. The first group, intermittent adherence (IA), 

included members exhibiting a series of treatment initiations and 

discontinuations without moving toward sobriety, characteristic 

of drug holidays. The IA group was operationally defined as evi-

dencing multiple episodes of B-MAT (1 episode includes 2 or more 

consecutive fills) separated by intermittent periods of medication 

discontinuation (gap in fills ≥30 days). Assignment to this group 

required at least 2 episodes of buprenorphine treatment separated 

by medication discontinuation. 

A small number of B-MAT patients completed treatment during 

a brief period of time (ie, less than 9 months) without evidenc-

ing any of the negative consequences normally associated with 

early discontinuation (ie, relapse). These members were placed in 

the early treatment discontinuation—no consequences (ETDNC) 

group, which was defined as demonstrating an MPR of at least 

0.80 during their specific treatment period with B-MAT (mini-

mum of 90 days) and showing an absence of relapse indicators 

TAKEAWAY POINTS

 › Using administrative claims data, patterns of buprenorphine nonadherence were assessed 
among individuals in treatment for opioid use disorder. 

 › Nonadherence was related to increased service utilization, cost, and likelihood of relapse. 
Use of high-cost venue services increased as a function of decreasing adherence. 

 › This study confirms previous reports of the relationship between buprenorphine-medication 
assisted treatment (B-MAT) adherence and costs and advances this line of research by ex-
ploring and delineating patterns associated with subgroups of nonadherent B-MAT patients, 
particularly intermittent adherent and assumed success cases.

TABLE 1. Sample Attrition

Reason for Inclusion
Patients  
Excluded

Patients 
Remaining

N % N %

Members with a B-MAT filla 0 0.0% 5349 100.0%

Members with an OUD diagnosis  
anywhere on record

852 15.9% 4497 84.1%

Member has at least 6 months of pre- and  
11 months of postindex eligibilityb 3889 72.7% 608 11.4%

Absence of exclusionary diagnosis 43 0.8% 565 10.6%

Age ≥18 on index date 2 0.0% 563 10.5%

Minimum of 28 days’ supply of B-MAT 73 1.4% 490 9.2%

Does not solely show OUD in remission diagnosis 13 0.2% 477 8.9%

B-MAT indicates buprenorphine-medication assisted treatment; OUD, opioid use disorder.
aEarliest B-MAT fill is the index date.
bContinuous medical and pharmacy rider present.
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following cessation of B-MAT. Given that the ETDNC subgroup 

exhibited characteristics of both the nonadherent group (briefer 

treatment window, <0.80 1-year MPR) and adherent group (short-

term adherence ≥0.80, absence of relapse), exploratory analyses 

of this subgroup alone and with both adherent and nonadherent 

groups were performed. 

Outcomes

Demographics. Demographic variables of age, gender, region of 

residence, and member type were aggregated from the summary 

membership table. Health statuses during the pre- and post periods 

were estimated using the Charlson Comorbidity Index (CCI).25

Relapse indicators. Four relapse proxies based on procedure 

codes associated with relapse were identified during the post peri-

od26,27: 1) OUD status change: change in diagnosis code from opioid 

dependence in remission (ICD-9-CM codes: 304.03, 304.73) to 

continuous or episodic opioid dependence (304.01, 304.02, 304.71, 

304.72); 2) OUD inpatient: presence of an inpatient admission with 

a primary diagnosis of OUD; 3) OUD emergency department (ED): 

presence of an ED visit with any OUD diagnosis; and 4) OUD detox: 

presence of a detoxification claim with any OUD diagnosis.

Healthcare service utilization and costs. Specific healthcare 

service utilization and costs were measured during both the pre- 

and post periods: physician office visits and costs, proportion of 

members with at least 1 inpatient admission, inpatient hospital 

costs, proportion of members with at least 1 ED visit, ED costs, total 

medical costs, total prescription fills and costs, and total healthcare 

costs (medical + pharmacy costs).

Analyses

Overall adherence analysis. Overall adherence groups based on an 

MPR cutoff of 0.80 were compared on relapse, MPR subgrouping, 

and healthcare costs during the post period. Means and standard 

deviations were computed for continuous variables, and counts 

were presented as frequencies and percentages. Statistically 

significant differences among cost outcomes were assessed via 

Mann-Whitney U tests, as the distribution of cost data were skewed 

positive, while χ2 tests of equality of proportions were used for the 

relapse indicators. Linear trends between postperiod healthcare 

costs and B-MAT adherence were examined using the 5-way MPR 

grouping variable. Costs were log transformed to normalize the 

distributions and were entered into 1-way analyses of variance 

examining linear contrasts.

Clinical subgroup exploratory analysis. The ETDNC group was 

compared with both the adherent group and the balance of the 

nonadherent groups on demographics and cost. The distribution 

of MPR groupings within the IA group was also examined. Results 

of these analyses confirmed that the IA group was appropriately 

categorized as being nonadherent, while the ETDNC group more 

closely resembled the adherent cases. Therefore, the primary 

analyses were conducted with the ETDNC cases moved from the 

nonadherent group to the adherent group. This updated grouping 

made up the enhanced adherence analysis.

Enhanced adherence analysis. The adherent group, now includ-

ing the ETDNC cases, was compared with the nonadherent group 

on all demographic, service use, cost, and relapse measures during 

the post period. Descriptive and bivariate analyses were conducted 

similar to the overall adherence analysis. In addition, multivariate 

models were also constructed for select cost measures. For phar-

macy, total medical, and total healthcare costs variables, gamma 

models with a log-link were estimated, controlling for age, gender, 

member type, and preperiod CCI score. Only those cases with non-

zero values were included in these models.

MPR-based analysis. MPR subgroups were compared on demo-

graphic and relapse indicators via χ2 tests of equality of proportions. 

Linear trends (contrasts) between postperiod healthcare costs and 

B-MAT adherence were examined using the 5-way MPR grouping 

scheme as the independent variable. Relationships between raw 

cost means at each of the 5 adherence levels were plotted. Costs 

were then log transformed to normalize the distributions and were 

entered into 1-way analyses of variance. 

Relapse group analysis. Relapse groups were compared on post-

period costs. Additionally, the associations between relapse status 

and adherence were calculated for the overall nonadherent, IA, and 

MPR groups. All data management and analyses were conducted 

in SPSS version 20 (SPSS Inc; Chicago, Illinois).

RESULTS
Overall Adherence Results

A total of 477 members qualified for the current study, with 172 

(36%) categorized as adherent and the balance of 305 (64%) catego-

rized as nonadherent. Results for costs, relapse, and MPR grouping 

analyses may be viewed in Table 2. Nonadherent members were 

significantly more likely than adherent members to evidence 

relapse by an OUD inpatient hospitalization or OUD ED visit (P 

<.05) and were significantly more likely to show any relapse (30.5% 

vs 15.7%; P <.001). Further, nonadherent members incurred signifi-

cantly higher office, outpatient hospital, ED, inpatient, and total 

medical costs compared with adherent members (P <.05). 

Regarding specific levels of adherence within the nonadherent 

group, the MPR 0.00 to 0.19 subgroup (n = 92) was the largest, fol-

lowed by the 0.20 to 0.39 group (n = 80). Although not presented in 

Table 2, the relapse rate among the nonadherent MPR subgroups 

revealed a steady decrease with increased adherence to B-MAT: the 

0.00 to 0.19 group had the highest relapse rate at 46.7%, followed by 

the 0.20 to 0.39 (32.5%), 0.40 to 0.59 (27.9%), and 0.60 to 0.79 groups 

(15.4%). Furthermore, cost analyses using the MPR subgroups 

revealed significant linear trends for outpatient hospital, inpatient 
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hospital, and ED costs, with decreased costs 

associated with greater MPR (P <.05). 

Clinical Subgroup Results

The ETDNC (n = 33) and IA (n = 30) subgroups 

were examined to further characterize the 

heterogeneity of adherent and nonadher-

ent B-MAT members. Table 3 displays the 

relationship among the ETDNC, adherent, 

and balance of the nonadherent cases on 

healthcare expenditure, although no statisti-

cal testing was performed for lack of power. 

Relationships were in the expected direction, 

with the nonadherent cases having greater 

outpatient hospital, ED, inpatient hospital, 

and total medical costs compared with ETDNC 

members. Conversely, ETDNC members had 

similar or lower costs compared with adher-

ent cases on the same measures. 

As expected, both the adherent and ETDNC 

groups had increased pharmacy costs com-

pared with nonadherent cases. ETDNC cases 

were also significantly more likely than the 

balance of the adherence group to be aged 

18 to 25 years (45.5% vs 26.7%) and appeared 

to be in better overall health (CCI score, 0.06 

vs 0.33; P <.05; data not shown). The ETDNC 

group filled fewer prescriptions (11.6 ± 9.6) 

than all other groups, including both the 

adherent group (31.2 ± 20.4) and the balance 

of the nonadherent group (22.9 ± 23.1). 

A total of 30 nonadherent members 

qualified for the IA group, with the majority 

(53.3%) falling into the 0.60 to 0.79 MPR group. 

Compared with the balance of the nonadher-

ence group, IA members had a significantly 

lower CCI score during the pre- (0.07 vs 0.23) 

and post periods (0.07 vs 0.33; P <.05) and 

were more likely to experience an OUD status 

change compared with the balance of the non-

adherent group (13.3% vs 4.5%; P <.05). Based 

on these results, ETNDC members were placed 

into the overall adherent group for remaining 

analyses, while IA members remained in the 

nonadherent group.

Enhanced Adherence Results

Demographics. The inclusion of the ETDNC cases into the adher-

ent group resulted in a final sample of 205 (43%) categorized as 

adherent, with the balance of 272 (57%) categorized as nonadherent. 

Demographic, service use, cost, and relapse results by the enhanced 

adherence grouping may be viewed in Table 4. Members were 

predominately males in their early 30s, with the adherent group 

TABLE 2. Overall Adherence Analysis

 
 

B-MAT Adherent
(n = 172)

 
 

B-MAT 
Nonadherent

(n = 305)
  Pa

Paid amountsb

Office $1734 $3196 $1765 $4485 .010

Outpatient hospital $2349 $6096 $5594 $18,643 .006

ED $623 $1875 $1147 $2947 .003

Inpatient hospital $2224 $10,335 $5657 $16,032 <.001

Total medical $6987 $14,694 $14,190 $30,662 .006

Pharmacy $5302 $6757 $2365 $5955 <.001

Total healthcare $12,289 $17,523 $16,555 $31,502 .069

Any relapse 27 15.7% 93 30.5% <.001

Specific relapse eventc

OUD remission status change 15 8.7% 15 4.9% .100

OUD hospitalization 5 2.9% 71 23.3% <.001

OUD ED visit 3 1.7% 28 9.2% .002

OUD detoxification 1 0.6% 9 3.0% .830

MPR grouping

0.00-0.19 – – 92 30.2% –

0.20-0.39 – – 80 26.2% –

0.40-0.59 – – 68 22.3% –

0.60-0.79 – – 65 21.3% –

B-MAT indicates buprenorphine-medication assisted treatment; ED, emergency department; MPR, 
medication possession ratio; OUD, opioid use disorder.
aFor significance testing, χ2 tests of equality of proportions were used for categorical variables, Stu-
dent’s t tests were used for continuous variables, and Mann-Whitney U tests were used for cost and 
service utilization variables. 
bAll means and standard deviations are unadjusted.
cA single member may show multiple relapse events.

TABLE 3. Healthcare Costs by Adherent, Nonadherent, and ETDNCa

 

B-MAT Adherent: 
MPR ≥0.80

(n = 172)

B-MAT Adherent: 
ETDNC
(n = 33)

B-MAT 
Nonadherent

(n = 272)

Mean/F SD/% Mean/F SD/% Mean/F SD/%

Paid amounts

Office $1734 $3196 $868 $974 $1873 $4727 

Outpatient hospital $2349 $6096 $2489 $4262 $5971 $19,658 

ED $623 $1875 $782 $1392 $1191 $3081 

Inpatient hospital $2224 $10,335 $1388 $4478 $6175 $16,837 

Total medical $6987 $14,694 $5534 $7692 $15,241 $32,209 

Pharmacy $5302 $6757 $4068 $16,075 $2158 $2978 

Total healthcare $12,289 $17,523 $9602 $17,099 $17,399 $32,742 

B-MAT indicates buprenorphine-medication assisted treatment; ED, emergency department; ETDNC, 
early treatment discontinuation—no consequence; F, frequency; MPR, medication possession ratio.
aAll means and standard deviations are unadjusted.
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being older (34.0 vs 31.6 years; P <.05). A 

greater proportion of nonadherent members 

were aged 18 to 25 years (47.8% vs 29.8%; P 

<.001). Adherent members were significantly 

more likely to be the primary plan subscriber 

compared with nonadherent members, who 

were more likely to be a dependent (P <.01). 

Within the nonadherent group, the MPR 0.00 

to 0.19 subgroup (n = 92) was the largest of the 

MPR-based subgroups, followed by the 0.20 to 

0.39 (n = 67), 0.60 to 0.79 (n = 58), and 0.40 to 

0.59 MPR (n = 55) subgroups.

Relapse. The overall nonadherent group 

was more than 2.5 times more likely to relapse 

than the adherent group (34.2% vs 13.2%, P 

<.001). Nonadherent members were signifi-

cantly more likely than adherent members to 

evidence 3 of the 4 relapse proxies (P <.05); the 

exception was OUD status change. The most 

commonly observed indicator of relapse in 

the nonadherent group was OUD inpatient 

hospitalization (25.0%).

Healthcare service use and cost. During the 

pre-period, healthcare service utilization and 

total pharmacy, medical, and overall health-

care costs were similar across adherent and 

nonadherent groups (P >.05). During the post 

period, adherent members had significantly 

more office visits, prescriptions, and accrued 

greater pharmacy costs, whereas the nonad-

herent group evidenced significantly greater 

outpatient hospital, ED, and inpatient visits 

and increased total medical costs (P <.05). 

Results of the multivariate models revealed 

that the nonadherent group incurred signifi-

cantly decreased pharmacy costs (adjusted 

means $1930 vs $4818) but higher total medi-

cal costs ($8148 vs $3723) and total healthcare 

costs ($10,638 vs $7581; P <.01) compared with 

the adherent group.

MPR Grouping Results

Compared with the balance of the overall 

nonadherence group, the 0.00 to 0.19 group 

was significantly less likely to be the primary 

subscriber (30.4% vs 45.6%), whereas the 0.60 

to 0.79 group was significantly more likely to 

be the primary subscriber (51.7% vs 37.4%) and 

was also less likely to be aged 18 to 25 years 

(34.5% vs 51.4%; P <.05). Those in the 0.00 

TABLE 4. Enhanced Adherence Analysis

 
B-MAT Adherent

(n = 205)

B-MAT 
Nonadherent

(n = 272)

Mean/F SD/% Mean/F SD/% Pa

Age, years 34.0 11.8 31.6 12.4 .038

18-25 61 29.8% 130 47.8% <.001

26-39 87 42.4% 74 27.2% <.001

40-64 57 27.8% 66 24.3% .382

≥65 0 0.0% 2 0.7% .219

Male 134 65.4% 173 63.6% .691

Preperiod CCI 0.14 0.44 0.21 0.72 .202

Postperiod CCI 0.29 0.59 0.30 0.81 .838

Region

Central 15 7.3% 18 6.6% .766

Northeast 109 53.2% 124 45.6% .101

Southeast 67 32.7% 103 37.9% .242

West 14 6.8% 27 9.9% .232

Member type

Child 59 28.8% 123 45.2% <.001

Subscriber 115 56.1% 110 40.4% .001

Domestic partner 0 0.0% 4 1.5% .081

Spouse 29 14.1% 31 11.4% .370

Other 2 1.0% 4 1.5% .631

Adherence subgroups

Assumed success 33 16.1% – – –

Intermittent adherence – – 30 11.0% –

MPR 0.00-0.19 – – 92 33.8% –

MPR 0.20-0.39 – – 67 24.6% –

MPR 0.40-0.59 – – 55 20.2% –

MPR 0.60-0.79 – – 58 21.3% –

Service use

Office visits 15.0 13.2 12.6 15.4 .002

Outpatient hospital visits 8.6 15.6 12.6 21.2 .030

Prescription fills 28.1 20.4 22.9 23.1 <.001

Proportion with an ED visit 61 29.8% 114 41.9% .006

Proportion with an IP visit 31 15.1% 106 39.0% <.001

Paid amountsb

Office $1594 $2969 $1873 $4727 .088

Outpatient hospital $2372 $5831 $5971 $19,658 .004

ED $648 $1804 $1191 $3081 .014

Inpatient hospital $2090 $9632 $6175 $16,837 <.001

Total medical $6753 $13,804 $15,241 $32,209 .001

Pharmacy $5103 $8889 $2158 $2978 <.001

Total healthcare $11,857 $17,442 $17,399 $32,742 .485

(continued)
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to 0.19 MPR group were significantly more 

likely than other nonadherent members to 

relapse (46.7% vs 27.8%); specifically, they 

were more likely to evidence OUD hospital-

izations (35.9% vs 19.4%) and OUD ED visits 

(15.2% vs 6.1%; P <.01). In contrast, those in 

the 0.60 to 0.79 MPR group were significantly 

less likely to relapse than other nonadherent 

members (13.8% vs 60.3%). Across the MPR 

groups, the results of 1-way analyses of vari-

ance of logged-transformed costs revealed 

statistically significant linear contrasts on 4 

of 7 cost metrics: pharmacy, outpatient hos-

pital, inpatient hospital, and total medical 

(P <.05) (Figure). Pharmacy costs increased 

with MPR, but the remaining cost indica-

tors decreased with increasing amounts of 

medication on hand, with the MPR 0.60 to 

0.79 group approximating the adherent group 

(MPR >0.80).  

Relapse Grouping Results

Compared with members who did not evi-

dence a relapse (n = 357), members who 

experienced any type of relapse (n = 120) 

incurred significantly lower pharmacy costs 

($2103 vs $3868) but more than 3 times the 

medical ($24,866 vs $7132) and twice the 

total healthcare costs ($26,969 vs $11,000; P 

<.001). Relapsing members were more likely 

to be nonadherent with B-MAT compared with 

those who had not relapsed (77.5% vs 50.1%; 

P <.001) and were also more likely to be in the 

MPR 0.00 to 0.19 subgroup (35.8% vs 13.7%; P 

<.001). By contrast, members who did not expe-

rience relapse were significantly more likely to 

be in the MPR 0.60 to 0.79 subgroup compared 

with relapsers (14.0% vs 6.7%; P <.001). 

DISCUSSION
Member demographics, relapse, healthcare 

service utilization, and costs associated with 

B-MAT nonadherence were examined in 

administrative claims from a commercially 

insured sample of OUD patients. Nonadherent members were 

younger and less likely to be employed, consistent with previously 

published predictors of nonadherence.19,21,22 Adherent members 

were more likely to use office- and pharmacy-based services 

compared with nonadherent members; the latter group incurred 

significantly greater high-cost healthcare services, consistent with 

the increased rate of relapse observed within this group. Overall, 

the nonadherent group demonstrated a 1.5-fold increase in total 

annual healthcare costs and significantly higher medical costs 

compared with adherent members. Although the relationship 

Any relapse 27 13.2% 93 34.2% <.001

Specific relapse eventc

OUD remission status change 15 7.3% 15 5.5% .422

OUD hospitalization 8 3.9% 68 25.0% <.001

OUD ED visit 6 2.9% 25 9.2% .006

OUD detoxification 1 0.5% 9 3.3% .033

B-MAT indicates buprenorphine-medication assisted treatment; CCI, Charlson Comorbidity Index 
score; ED, emergency department; F, frequency; IP, inpatient hospital; MPR, medication possession 
ratio; OUD, opioid use disorder; SD, standard deviation.
aFor significance testing, χ2 tests of equality of proportions were used for categorical variables; Stu-
dent’s t tests were used for continuous variables, and Mann-Whitney U tests were used for cost and 
service utilization variables. 
bAll means and standard deviations are unadjusted.
cA single member may show multiple relapse events.

TABLE 4. Enhanced Adherence Analysis (continued)

 
B-MAT Adherent

(n = 205)

B-MAT 
Nonadherent

(n = 272)

Mean/F SD/% Mean/F SD/% Pa

FIGURE.  Relationship Between Medication Possession Ratio and Costs

MPR indicates medication possession ratio.
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between B-MAT adherence and healthcare costs has previously 

been demonstrated,17 this study extended these findings by further 

stratifying the nonadherent group based on MPR and examining 

clinically meaningful subgroups. 

A significant linear trend demonstrating a negative relationship 

between adherence and outpatient, inpatient, and total medi-

cal costs was revealed, indicating that incremental increases in 

B-MAT adherence are associated with healthcare savings. The 

rate of relapse also decreased as adherence across the MPR sub-

groups increased. Differences in demographics among the MPR 

subgroups were also observed; nonadherent members within the 

0.00 to 0.59 MPR groups were younger and more likely to be the 

dependent of the primary subscriber compared with adherent 

members. These characteristics are in notable contrast to those 

of the nonadherent 0.60 to 0.79 MPR group, who were older, more 

likely to be the primary subscriber, and significantly less likely to 

relapse. Conversely, the 0.00 to 0.19 MPR group was the most likely 

to evidence a relapse event and exhibited the highest medical and 

lowest pharmacy costs.

Treatment and demographic characteristics of the sample were 

also examined within 2 clinical subgroups of the larger adher-

ent and nonadherent populations: the IA and ETDNC groups. 

Comparison of the demographic and treatment characteristics 

associated with these groups, as opposed to the MPR subgroups 

and larger adherence groups, highlighted the heterogeneity within 

the adherence groups and identified particular patterns of B-MAT 

utilization that may be associated with nonadherence. 

The IA group included members who evidenced multiple 

starts and stops with B-MAT, which clinically could be indicative 

of patients either taking drug holidays or forming the belief that 

they were no longer in need of B-MAT. Members in the IA group 

predominately fell into the 0.60 to 0.79 MPR group. Despite their 

relative high rate of adherence, their demographics, relapse rate, 

and cost of care diverged from the balance of the 0.60 to 0.79 

MPR subgroup and more closely resembled the characteristics of 

members in the other nonadherent MPR subgroups. These results 

indicate that assessment of MPR alone is insufficient to estimate a 

patient’s risk of relapse and potential success with B-MAT. 

 The other clinical subgroup, ETDNC, was included to represent 

a potential subpopulation of B-MAT patients who may not require 

prolonged use of B-MAT to gain the benefits of treatment. These 

members were originally placed into the nonadherent group, as 

their 1-year MPR was less than 0.80 due to their short course of 

B-MAT. Despite their short period of B-MAT, they exhibited no nega-

tive consequences characteristic of active OUD following treatment 

discontinuation. These members more closely resembled adherent 

members, as evidenced by their service utilization and cost profiles, 

along with a high proportion of primary subscribers. Therefore, 

the ETDNC members were ultimately assigned to the enhanced 

adherent group on the basis of their short-term adherence to B-MAT 

and lack of relapse during the follow-up. To assess the potential 

implications of switching the ETDNC group from nonadherent to 

adherent, analyses comparing the original adherent and revised 

enhanced adherence groups were conducted. Findings demon-

strated that, although the relapse rate is slightly decreased in the 

enhanced adherence group due to ETDNC members showing no 

relapses during their course of B-MAT treatment, the direction and 

significance of the remaining relationships between the adher-

ent and the nonadherent groups remain unchanged, indicating 

that the ETDNC members may represent 1 subgroup of adherent 

B-MAT members. 

The findings of this study indicate great variability within the 

B-MAT population, calling into question whether a strict definition 

of adherence is fully appropriate for this population. Although an 

80% cutoff has been widely accepted as an indicator of accept-

able adherence in various therapeutic areas,24 the 0.60 to 0.79 

MPR group exhibited a cost profile similar to the adherent group, 

suggesting that this level of nonadherence may be adequate for 

some OUD patients to avoid the consequences characteristic of 

active OUD. The authors are not suggesting that this lower tier of 

adherence should be the target for all cases; however, in some cases, 

there may be a therapeutic benefit to instituting an intermediate 

adherence goal of 0.60 or above. Further, it may be appropriate to 

consider interventions that effectively raise adherence to 0.60 or 

above as successful, even if the intervention is not able to move 

the patient to the optimal level of adherence of 0.80. 

Limitations

Administrative claims are known to include administrative coding 

errors,28 and they lack the clinical data necessary to provide insight 

into treatment. For instance, it may be difficult to determine with 

certainty whether buprenorphine was prescribed to primarily 

treat OUD or pain, as buprenorphine is indicated for both condi-

tions. Requiring an OUD diagnosis largely alleviated the issue in 

this study, although the possibility of pain being the reason for 

buprenorphine cannot be discounted. Also, claims-based proxies 

used to estimate relapse in this study returned slightly lower levels 

of relapse compared with a prior study that used clinically based 

endpoints for relapse.18 Alternative data sources, such as urine 

drug screen results, are needed to confirm the relapse proxies used 

here, and to define clinical indicators of success with treatment. 

Additionally, the small sample size of the IA and ETDNC groups 

prohibited statistical testing. Replication of this study in larger 

commercial or public sector data sets is warranted, as this study 

may not generalize to other populations. Additionally, although 

OUD is common within severely mentally ill populations, this 

study excluded these members, as the primary outcome was 

adherence. The final limitation is the potential endogeneity of 

B-MAT adherence, as factors unmeasured in the claims may drive 

these outcomes. 
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CONCLUSIONS
This study confirms the burden of B-MAT nonadherence on the 

healthcare system through an analysis of service utilization and 

healthcare expenditure and extends these findings to relapse 

rates. Furthermore, specific patterns of adherence were examined 

through the construction of the adherence-based MPR subgroups 

and the clinically-focused ETDNC and IA subgroups. Although 

larger samples of OUD patients are needed to replicate and vali-

date the findings of this study, the definition of various subgroups 

provides initial insight into patterns of B-MAT use. These groups 

could be essential to developing more effective methods for case 

finding in support of adherence-enhancing programs. Improved 

methods, such as those initiated here, to identify members in need 

of alternative interventions and to assess success with treatment 

are required to promote improved management of the OUD popula-

tion, which stands to benefit both health plans and OUD patients 

by improving outcomes and containing healthcare costs. n

Author Affiliations: Health Analytics, LLC (CR, JT, BLB), Columbia, MD; 
Indivior, Inc (VRN, NR), Richmond, VA; Aetna Behavioral Health (HU), Blue 
Bell, PA; Institute of Addiction Medicine (JV), Plymouth Meeting, PA.

Source of Funding: Indivior, Inc, funded this study.

Author Disclosures: Dr Ronquest is an employee of and Mr Nadipelli is an 
employee and stockholder of Individor Inc, which is engaged in addiction 
research and new product/pharmacotherapy development. Drs Ruetsch 
and Brady and Mr Tkacz are employed by Health Analytics, LLC, a CRO that 
was paid by Individor, Inc, to conduct the study. The remaining authors 
report no relationship or financial interest with any entity that would pose 
a conflict of interest with the subject matter of this article. 

Authorship Information: Concept and design (BLB, VRN, CR, JT, HU, JV); 
acquisition of data (CR, JT, HU); analysis and interpretation of data (BLB, 
VRN, CR, NR, JT, JV); drafting of the manuscript (BLB, VRN, NR, JT, JV); critical 
revision of the manuscript for important intellectual content (BLB, VRN, 
CR, NR, JT, HU, JV); statistical analysis (JT); obtaining funding (VRN, CR); 
administrative, technical, or logistic support (VRN, CR); and supervision 
(BLB, VRN, CR).

Address Correspondence to: Joseph Tkacz, MS, Health Analytics, LLC, 
9200 Rumsey Rd, Ste 215, Columbia, MD 21045. E-mail: joseph.tkacz@
healthanalytic.com. 

REFERENCES 
1. Manchikanti L, Fellows B, Ailinani H, Pampati V. Therapeutic use, abuse, and nonmedical use of opioids: a 
ten-year perspective. Pain Physician. 2010;13(5):401-435.
2. Manchikanti L, Helm S 2nd, Fellows B, et al. Opioid epidemic in the United States. Pain Physician. 
2012;15(suppl 3):ES9-ES38.

3. Oderda GM, Lake J, Rüdell K, Roland CL, Masters ET. Economic burden of prescription opioid misuse and abuse: 
a systematic review. J Pain Palliat Care Pharmacother. 2015;29(4):388-400. doi: 10.3109/15360288.2015.1101641.
4. Becker WC, Fiellin DA, Merrill JO, et al. Opioid use disorder in the United States: insurance status and treat-
ment access. Drug Alcohol Depend. 2008;94(1-3):207-213. doi: 10.1016/j.drugalcdep.2007.11.018.
5. Carrieri MP, Amass L, Lucas GM, Vlahov D, Wodak A, Woody GE. Buprenorphine use: the international experi-
ence. Clin Infect Dis. 2006;43(suppl 4):S197-S215.
6. Clausen T, Waal H, Thoresen M, Gossop M. Mortality among opiate users: opioid maintenance therapy, age 
and causes of death. Addiction. 2009;104(8):1356-1362. doi: 10.1111/j.1360-0443.2009.02570.x.
7. McLellan AT, Lewis DC, O’Brien CP, Kleber HD. Drug dependence, a chronic medical illness: implications for 
treatment, insurance, and outcomes evaluation. JAMA. 2000;284(13):1689-1695.
8. Barnett PG, Rodgers JH, Bloch DA. A meta-analysis comparing buprenorphine to methadone for treatment of 
opiate dependence. Addiction. 2001;96(5):683-690.
9. Bentzley BS, Barth KS, Back SE, Book SW. Discontinuation of buprenorphine maintenance therapy: perspec-
tives and outcomes. J Subst Abuse Treat. 2015;52:48-57. doi: 10.1016/j.jsat.2014.12.011.
10. Mendelson J, Flower K, Pletcher MJ, Galloway GP. Addiction to prescription opioids: characteristics of the 
emerging epidemic and treatment with buprenorphine. Exp Clin Psychopharmacol. 2008;16(5):435-441. doi: 
10.1037/a0013637.
11. Volkow ND, Frieden TR, Hyde PS, Cha SS. Medication-assisted therapies—tackling the opioid-overdose 
epidemic. N Engl J Med. 2014;370(22):2063-2066. doi: 10.1056/NEJMp1402780.
12. The ASAM national practice guideline for the use of medications in the treatment of addiction involving 
opioid use. American Society of Addiction Medicine website. http://www.asam.org/docs/default-source/prac-
tice-support/guidelines-and-consensus-docs/asam-national-practice-guideline-supplement.pdf. Published 
June 2015. Accessed February 12, 2016.
13. Sullivan LE, Chawarski M, O’Connor PG, Schottenfeld RS, Fiellin DA. The practice of office-based buprenor-
phine treatment of opioid dependence: is it associated with new patients entering into treatment? Drug Alcohol 
Depend. 2005;79(1):113-116.
14. Alford DP, LaBelle CT, Kretsch N, et al. Collaborative care of opioid-addicted patients in primary care using 
buprenorphine: five-year experience. Arch Intern Med. 2011;171(5):425-431. doi: 10.1001/archinternmed.2010.541.
15. Katz EC, Schwartz RP, King S, et al. Brief vs. extended buprenorphine detoxification in a community 
treatment program: engagement and short-term outcomes. Am J Drug Alcohol Abuse. 2009;35(2):63-67. doi: 
10.1080/00952990802585380.
16. Smyth BP, Barry J, Keenan E, Ducray K. Lapse and relapse following inpatient treatment of opiate depen-
dence. Ir Med J. 2010;103(6):176-179.
17. Tkacz J, Volpicelli J, Un H, Ruetsch C. Relationship between buprenorphine adherence and health service 
utilization and costs among opioid dependent patients. J Subst Abuse Treat. 2014;46(4):456-462. doi: 10.1016/j.
jsat.2013.10.014.
18. Tkacz J, Severt J, Cacciola J, Ruetsch C. Compliance with buprenorphine medication-assisted treatment 
and relapse to opioid use. American J Addict. 2012;21(1):55-62. doi: 10.1111/j.1521-0391.2011.00186.x.
19. Mintzer IL, Eisenberg M, Terra M, MacVane C, Himmelstein DU, Woolhandler S. Treating opioid addiction 
with buprenorphine-naloxone in community-based primary care settings. Ann Fam Med. 2007;5(2):146-150.
20. Parran TV, Adelman CA, Merkin B, et al. Long-term outcomes of office-based buprenorphine/naloxone 
maintenance therapy. Drug Alcohol Depend. 2010;106(1):56-60. doi: 10.1016/j.drugalcdep.2009.07.013.
21. Subramaniam GA, Warden D, Minhajuddin A, et al. Predictors of abstinence: National Institute of Drug 
Abuse multisite buprenorphine/naloxone treatment trial in opioid-dependent youth. J Am Acad Child Adolesc 
Psych. 2011;50(11):1120-1128. doi: 10.1016/j.jaac.2011.07.010.
22. Warden D, Subramaniam GA, Carmody T, et al. Predictors of attrition with buprenorphine/naloxone treat-
ment in opioid dependent youth. Addict Behav. 2012;37(9):1046-1053. doi: 10.1016/j.addbeh.2012.04.011.
23. Cooper J, Hall L, Penland A, Krueger A, May J. Measuring medication adherence. Popul Health Manag. 
2009;12(1):25-30.
24. Peterson AM, Nau DP, Cramer JA, Benner J, Gwadry-Sridhar F, Nichol M. A checklist for medication compli-
ance and persistence studies using retrospective databases. Value Health. 2007;10(1):3-12.
25. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in 
longitudinal studies: development and validation. J Chronic Dis. 1987;40(5):373-383.
26. Clark RE, Baxter JD, Aweh G, O’Connell E, Fisher WH, Barton BA. Risk factors for relapse and higher costs 
among Medicaid members with opioid dependence or abuse: opioid agonists, comorbidities, and treatment 
history. J Subst Abuse Treat. 2015;57:75-80.
27. Clark RE, Samnaliev M, Baxter JD, Leung GY. The evidence doesn’t justify steps by state Medicaid pro-
grams to restrict opioid addiction treatment with buprenorphine. Health Aff (Millwood). 2011;30(8):1425-1433. 
doi: 10.1377/hlthaff.2010.0532.
28. Tyree PT, Lind BK, Lafferty WE. Challenges of using medical insurance claims data for utilization analysis. 
Am J Med Qual. 2006;21(4):269-275. 

 Full text and PDF at www.ajmc.com  


