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BACKGROUND: Narrow definitions of long-term opioid
(LTO) use result in limited knowledge of the full range of
LTO prescribing patterns and the rates of these patterns.
OBJECTIVE: To investigate a model of new LTO prescrib-
ing typologies using latent class analysis.
DESIGN: National administrative data from the VA Cor-
porate Data Warehouse were accessed using the VA Infor-
matics and Computing Infrastructure. Characterization
of the typology of initial LTO prescribing was explored
using latent class analysis.
PARTICIPANTS: Veterans initiating LTO during 2016
through the Veteran’s Administration Healthcare System
(N = 42,230).
MAIN MEASURES: Opioid receipt as determined by VA
prescription data, using the cabinet supply methodology.
KEY RESULTS: Over one-quarter (27.7%) of the sample
fell into the fragmented new long-term prescribing cate-
gory, 39.8%were characterized by uniform daily new LTO,
and the remaining 32.7% were characterized by uniform
episodic LTO. Each of these three broad sub-groups also
included two additional sub-groups (6 classes total in the
model), characterized by the presence or absence of prior
opioid prescriptions.
CONCLUSIONS: New LTO prescribing in the VA includes
uniform daily prescribing, uniform episodic prescribing,
and fragmented prescribing. Future work is needed to
elucidate the safety and efficacy of these prescribing
patterns.
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INTRODUCTION

The widely applied definition for the time frame in which
opioid use becomes long-term is more than 90 days.1–7 How-
ever, the regularity of use within and beyond this period is less
clear. For example, the joint Veteran’s Affairs and Department
of Defense guidelines describe patients on long-term therapy
as receiving “daily therapy,” whereas the Center for Disease
Control (CDC) guidelines describe “use on most days.” This
difference may be trivial if the overwhelming majority of
patients in real-world practice settings who receive opioids
over extended time periods exhibit daily or near-daily use.
However, applying operational criteria allowing gaps between
prescriptions of up to 50% (a minimal interpretation of “most
days”) yield rates of long-term opioid (LTO) prescribing that
are twice that of operational criteria requiring daily use.8 Thus,
clinical or research applications requiring daily use to define
LTO prescribing may be missing or excluding a large and
important sub-group of individuals who receive opioids
over-extended calendar periods, but at intervals consistent
with less than daily use.9 A better understanding of such yet
unexamined sub-groups could result in subsequent research to
elucidate clinical trajectories in these sub-groups.
Opioid prescribing patterns can also exhibit irregularity in

terms of involving multiple prescribers, different opioid agents,
and varying prescription durations. These fragmented patterns
may reflect a variety of clinical scenarios, such as unintended
LTO prescribing, recurrent acute pain episodes, ineffectual in-
termittent therapy, gaps in accessing care, or potential misuse or
diversion. Fragmented healthcare delivery is associated with
diminished quality of care in general10, 11 and rates of high-
risk use12–14 and overdose mortality15 with opioids specifically.
Our objective was to develop a typology of LTO prescrib-

ing; specifically, how patterns of irregular opioid prescribing
cluster together within a broadly defined phenotype of LTO
use consistent with CDC guidelines. Rather than starting with
potentially skewed a priori assumptions about the nature of
these clusters, we employed a latent class analysis (LCA)
approach. LCA is a measurement model that allows for the
identification of unobservable groups where individuals are
classified into mutually exclusive and exhaustive types, based
on their pattern of values in a set of categorical variables; in
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this case, variables representative of regularity and fragmen-
tation of opioid prescribing. We restricted the analysis to
patients with new LTO as we were most interested in prescrib-
ing patterns during the emergence of an LTO episode to
elucidate the varied pathways by which LTO arises. Clinically,
LTO could potentially occur intentionally or unintentionally
and better classification of patterns of new LTO may facilitate
future efforts to interrupt unintended LTO. As a first validation
of the resulting typology model, we contrasted subsequent 1-
year LTO persistence rates across typology classes. We chose
1-year persistence as an initial validation due to its clinical
significance regarding potential adverse effects associated
with prolonged opioid use (e.g., immunologic, hormonal,
hyperalgesia, dependence, tolerance, etc.).16

METHODS

Patient Selection

The target population was Veterans initiating new LTO use
during 2016. National administrative data from the VA Cor-
porate Data Warehouse were accessed using the VA Informat-
ics and Computing Infrastructure. Schedule II opioid prescrip-
tions dispensed by the VA during calendar years 2015 through
2017 were identified using outpatient pharmacy datasets. This
inc luded bu to rphano l , f en t any l , hyd rocodone ,
hydromorphone, meperidine, methadone, morphine, oxyco-
done, oxymorphone, tapentadol, and schedule II dosage forms
of codeine.
Opioid treatment episodes during this 3-year period were

created using cabinet supply methodology.8, 17 Briefly, this
method uses the pattern of refill dates and supply days dis-
pensed to estimate the medication supply available to a patient
on a daily basis over a specified time period. Consecutive
prescriptions were considered part of the same episode if the
number of zero cabinet supply days between prescriptions was
less than or equal to the supply days of the preceding prescrip-
tion. In other words, refill patterns consistent with opioid use
on more days than not (≥ 50%) were considered part of a
contiguous treatment episode, whereas longer gaps between
prescriptions were considered discrete episodes. Congruent
with the clinical definition of LTO therapy,1, 2, 18 an opioid
treatment episode was categorized as long-term if the cumu-
lative supply days dispensed during the episode exceeded
90 days.
Of 644,280 patients dispensed a schedule II opioid prescrip-

tion in 2016, 84,162 (13.1%) had a long-term treatment epi-
sode that began in 2016. Patients with a LTO episode in the
prior year were excluded (N = 41,932, 6.5%), resulting in a
study population of 42,230 (6.6%) patients initiating new LTO
use during 2016. The date of the first prescription of a new
long-term treatment episode was defined as the episode index
date. This study was approved by the University of Iowa
Institutional Review Board and the Iowa City Veterans Ad-
ministration Research and Development Committee.

Typology Model

Our theoretical model for creating a typology of new LTO
prescribing centered on an archetype of regular, daily use of a
single medication under the supervision of a single prescriber.
The extent to which a series of opioid prescriptions was
consistent with, or deviated from, this archetype was captured
using a set of metrics related to regularity in the timing of
prescriptions and continuity of prescription characteristics
(Supplemental Table 1). Metrics characterizing prescribing
regularity included the number of discrete gaps in cabinet
supply between prescriptions and the total number of zero
cabinet days during the initiation of the episode. Metrics
characterizing prescribing continuity included the number of
unique values of dispensed supply days, the number of short
duration prescriptions (< 28 days), the number of unique drugs
dispensed, and the number of unique prescribers. All 6 metrics
characterizing the initiation periodwere determined based on a
120-day period following and including the episode index
date. As the duration requirement for a long-term opioid use
is greater than 90 days, we selected a period of 120 days to
capture prescribing patterns during the initial onset of the long-
term episode. Alternative definitions for the duration of this
follow-up period were explored, to a maximum of 180 days,
and produced dichotomized latent class variables indicating
very good agreement with the primary analysis, with kappa
statistics exceeding 0.9 for all metrics.
While not part of the index episode, we were also interested

in characterizing the pattern of opioid prescriptions observed
in the 365 days leading up to the initiation of a long-term
episode. Patients with a previous long-term episode were
excluded by design, but patients could have received sub-
threshold opioid exposure. The total volume of prescribing
was captured using 4 prescribing metrics and continuity of
care was captured using 2 metrics (Supplemental Table 1). We
had no a priori expectation for whether patients initiating
archetypal long-term therapy would have any particular de-
gree of prior opioid exposure, relative to prescription patterns
deviating from the archetype.

Statistical Analyses

The validity of our conceptual typology model was assessed
using factor analysis with SAS procedure FACTOR (SAS
Enterprise Guide version 7.1). Each of the 12 prescribing
metrics was coded in this analysis as a discrete variable rang-
ing from 1 to 4 according to distributional breakpoints for each
metric, where 1 reflected low values and 4 represented high
values (Supplemental Table 2). A scree plot was used to
inform the number of factors selected for the model based on
each added factor having an eigenvalue exceeding 1 and a
proportion of explained variance greater than 10%. Factor
loadings were expressed using varimax orthogonal rotation.
Characterization of the typology of new LTO prescribing

was explored using latent class analysis with SAS procedure
LCA (SAS version 9.2).19 Each of the 12 prescribing metrics
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was coded in this analysis as a dichotomous variable accord-
ing to distributional breakpoints (Supplemental Table 2). We
examined models specifying 3 classes through 7 classes,
selecting the final model based on diminishing incremental
decreases in AIC, BIC, and G-squared fit statistics. In the final
model, each patient was assigned to a latent class by the LCA
procedure based on their best fit. To characterize these classes
in a clinically meaningful manner, we tabulated the mean
value for each of the 12 prescribing metrics, coded as contin-
uous variables, and stratified by latent class.
As an initial validation of the latent class model, Kaplan-

Meier survival curves for individual latent classes were con-
structed for time to opioid discontinuation using the SAS
procedure LIFETEST. Differences in time to opioid discon-
tinuation were contrasted across 3 pairwise latent classes using
the log-rank test, with a Bonferroni corrected threshold of α =
0.017 for determining statistical significance. Discontinuation
was defined as the end of the index long-term treatment
episode, extending the previously described cabinet supply
method out to 1 year following the episode index date, and
censored at 365 days. Patients with continued opioid prescrip-
tions through this 1-year follow-up period were classified as
opioid persistent and persistence rates were reported across
latent classes.

RESULTS

Factor Analysis

Evaluation of multiple factor solutions supported a 3-factor
solution based on predetermined criteria. Each of the first three
factors had eigenvalues greater than 1 and accounted for more

than 10% of variance20 (Supplemental Table 3). In total, the 3-
factor solution accounted for 76% of the variance of the full
model. Factor loadings for the 12 opioid prescribing metrics
(Table 1) were highly consistent with the proposed theoretical
model (Supplemental Table 1). Factor 2 mapped precisely to
Domain 1 of the theoretical model and included all 4 metrics
related to continuity of care during the initiation of LTO
prescribing, such as the count of unique supply day values
and the number of unique prescribers. Factor 3 mapped pre-
cisely to Domain 2 of the theoretical model and included the 2
metrics related to the regularity of prescriptions during LTO
initiation of the count of discrete gap periods and total zero
cabinet supply days. While our theoretical model proposed
two separate domains for pre-initiation metrics (domains 3 and
4), the factor analysis placed all 6 metrics together in one
factor (factor 1).

Latent Class Analysis

Model Selection and Overview. In latent class analyses, fit
statistics were assessed for models ranging from 3 to 7 classes
(Supplemental Table 4). The largest decline across all 3 fit
statistics occurred between the 5-class and the 6-class models,
supporting the 6-class model as the best fit model. For exam-
ple, BIC decreased by 46.9% between the 5- and 6-class
models. The gain of going from 6 to 7-class model was not
meaningful, as the decrease in BIC was only 1.7%.
To aid the interpretation of the 6-class model (Fig. 1), each

patient was assigned to a best-fit class and mean values for the
12 metrics were tabulated for each class (Table 2). These
metrics are provided individually and conceptually grouped
by the three factors indicated by the factor analyses. In

Table 1 Factor Loadings for the 3-Factor Model
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reviewing the 6-class model, the most immediate observation
was a sharp difference in post-initiation continuity metrics
(factor 2). Specifically, classes 1 and 2 had markedly larger
mean values across all metrics, compared to classes 3–6,
including more prescriptions dispensed with < 28 supply days
(mean = 2.3 versus 0.0) and more unique prescribers (mean =
2.9 versus 1.5). Thus, classes 1 and 2 were consistent with the
concept of fragmented (irregular and discontinuous) long-term
prescribing and accounted for 27.7% of patients initiating new

LTO use. We labeled the remaining classes (classes 3–6) as
uniform long-term prescribing.

Fragmented Prescribing. Over one-quarter (27.7%) of the
sample fell into the fragmented long-term prescribing
category (12.5% in class 1 and 15.2% in class 2) which
was exemplified by poor continuity of care during initia-
tion of their LTO episode, including multiple prescribers
and opioid agents, as well as short and inconsistent

Boxes represent dispensed opioid prescriptions prior to (negative values) and following (positive values) initiation of an incident long-
term treatment episode (Day 0). Box width generally represents the supply days dispensed with each individual prescription; however, 
individual boxes may represent more than one prescription where prescribing periods overlapped. Prescriber letters represent unique 

health care providers writing opioid prescriptions to a given patient during the observation period.  

Fig. 1 Case examples of longitudinal prescribing patterns representing the 6 classes of incident long-term opioid use, identified by latent class
analysis.

Table 2 Typology of Long-term Opioid Initiation Using LatentClass Analysis

*The best fit model from latent class analysis specified 6 classes and was interpreted based on mean values of 12 metrics characterizing opioid exposure
that tended to aggregate within 3 factors as previously established in factor analysis. Three major latent class categories of long-term opioid prescribing
emerged based on post-initiation metric factors and were labeled as: fragmented prescribing, uniform daily prescribing, and uniform intermittent-
episodic prescribing. Each of the major categories encompassed two latent classes which differed from each other based on pre-initiation metrics. The
final labels for the 6 latent classes were (1) Fragmented long-term prescribing with prior exposure, (2) Fragmented long-term prescribing with minimal
prior exposure, (3) uniform daily long-term prescribing with prior exposure, (4) uniform daily long-term prescribing with minimal prior exposure, (5)
uniform intermittent-episodic long-term prescribing with continued use, and (6) uniform intermittent-episodic long-term prescribing with recent onset
†Individual table cells provide the mean values for each metric across the 6 latent classes. Shading was included to facilitate model interpretation and
represents general groupings of metric values within factors as low (no shading), intermediate (light gray), and high (dark gray)
‡Variables related to survival analysis included the duration of the index opioid episode (censored at 365 days) and the proportion of patients persisting
with opioid use for at least 1 year. Kaplan-Meier survival curves of time to opioid discontinuation were contrasted across the 3 major latent class
categories using log-rank tests with a Bonferroni corrected threshold for statistical significance of α= 0.0167. Values for these post hoc pairwise tests
were as follows: fragmented vs. uniform daily (X2=2154; p < 0.001), fragmented vs. uniform intermittent-episodic (X2=700; p < 0.001), uniform daily vs
uniform intermittent-episodic (X2=474; p < 0.001)
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dispensed supply days (Table 2). These patients also had
notable gaps in cabinet supply during initiation, with
means of 13.3 and 10.1 for classes 1 and 2, respectively.
These classes differentiated from each other based on
opioid use prior to initiation of long-term use, where class
1 was labeled as fragmented long-term prescribing with
prior exposure and class 2 as fragmented long-term pre-
scribing with minimal prior exposure.

Uniform Prescribing. While the four uniform prescribing
classes shared similar values across post-initiation continuity
metrics (factor 2), they differentiated from each other based on
other metrics (Table 2). A first level of differentiation occurred
with post-initiation regularitymetrics (factor 3), where patients
in classes 5 and 6 had less regularity in opioid prescriptions,
spending a mean of 26.6 days with no apparent supply avail-
able on-hand during the initiation period. In contrast, patients
in classes 3 and 4 had only 8.1 zero cabinet supply days. Thus,
classes 3 and 4 were the closest to the archetype of uniform
daily long-term prescribing, accounting for 39.8% of new
long-term users overall, and 29.2% and 10.6%, respectively.
Classes 3 and 4 differentiated from each other based on opioid
use prior to initiation of long-term use. On average, patients in
class 3 had a mean of 2.7 prescriptions with 58.7 days of
opioid exposure during the year prior to long-term initiation.
In contrast, class 4 had almost no prior opioid exposure, with a
mean of 0.0 prescriptions and only 3.2 supply days. We
therefore labeled class 3 as uniform daily long-term prescrib-
ing with prior exposure and class 4 as uniform daily long-term
prescribing with minimal prior exposure.
As previously noted, classes 5 and 6 demonstrated charac-

teristics consistent with uniform LTO prescribing in terms of
minimal prescriptions of < 28 supply days (mean = 0.0) and
few unique prescribers (mean = 1.4) but had notable gaps
between prescriptions during the initiation of long-term use,
with a mean of 2.2 discrete gap periods between prescriptions
and a mean of 26.6 days with no apparent available supply.
Observation of gaps between prescriptions could indicate
either episodes of daily use interspersed with periods of no
use, or regular but less than daily (or less than prescribed) use
over time. We therefore labeled these classes as uniform
intermittent-episodic prescribing, which collectively
accounted for 32.7% of new LTO users. Classes 5 and 6
differentiated from each other based on opioid use prior to
initiation of a long-term episode. Class 5 had substantially
more prior opioid use across all pre-initiation metrics, includ-
ing a mean of 134.9 supply days of opioids dispensed in the
prior year, compared to 46.0 days for class 6. Thus, patients in
class 5 had the largest volume of pre-initiation exposure, more
than twice that of any other class, which is consistent with a
history of prior intermittent-episodic exposure that became
regular enough within a given time span to qualify as an
episode of LTO use. We therefore labeled class 5 as uniform
intermittent-episodic long-term prescribing with continued

use and class 6 as uniform intermittent-episodic long-term
prescribing with recent onset.

Survival Analysis

An initial assessment of the predictive validity of latent class
analysis findings was conducted by contrasting 1-year persis-
tence of the LTO treatment episode across identified classes
(Table 2). The first contrast was across the 3 major classifica-
tion categories: uniform daily long-term prescribing (classes 3
and 4), uniform intermittent-episodic long-term prescribing
(classes 5 and 6), and fragmented long-term prescribing (clas-
ses 1 and 2). The respective 1-year persistence rates for these
groups were 51.1%, 37.7%, and 28.9% and all pairwise com-
parisons in time to discontinuation using the log-rank test were
statistically significant after adjustment for multiple compari-
sons (Table 2, Fig. 2). The second contrast was to compare the
two sub-categories within each of the 3 major classification
categories to each other. Within the uniform daily long-term
prescribing category, patients with minimal prior opioid expo-
sure had significantly higher persistence rates (class 4, 52.9%)
than patients with prior exposure (class 3, 46.2%; log-rank
test, Χ2 = 65.8; p < 0.001)). Similarly, within the uniform
intermittent-episodic long-term prescribing category, patients
with less prior exposure had higher persistence rates (class 6,
39.9%) than patients with more extensive prior exposure (class
5, 36.2%; log-rank test, Χ2 = 15.5; p < 0.001). Finally, prior
exposure was not significantly associated with one-year opioid
persistence among the two fragmented long-term prescribing
groups (class 2, 29.0%; class 1, 28.7%; log-rank test, Χ2 =
0.45; p = 0.50).]–>

DISCUSSION

Building on prior opioid typology research,21 LTO prescribing
does not appear to be a single unitary construct but encom-
passes a heterogenous collection of prescribing patterns. Three
major patterns emerged from a latent class analysis and were
characterized as uniform daily, uniform episodic, and
fragmented opioid prescribing. These three patterns were as-
sociated with differing rates of persistent LTO at 1 year; uni-
form daily was the most common (51%) and fragmented the
least, but still a large sub-set (29%). Each major class further
differentiated into two sub-classes based on the volume of
opioid prescriptions received prior to, but not as part of, the
index new long-term episode. The major class labeled as
uniform daily prescribing was consistent with the historical
archetype of LTO therapy, characterized as daily use of a
single medication under the supervision of a single prescriber.
However, this class accounted for less than half (40%) of new
long-term episodes.
More than one-quarter (27.7%) of new long-term episodes

fell into the major class of fragmented prescribing, which was
characterized by multiple providers, multiple opioid agents,
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and variable dispensed supply days. Fragmented healthcare
delivery (which may include dual use of VA and other
healthcare systems) is associated with poorer care in general10,
11 and rates of high-risk use13, 14 and overdosemortality15 with
opioids specifically. An important limitation of this study was
that opioid receipt from sources outside VHA could not be
observed; thus, our findings may underestimate the proportion
of patients with fragmented opioid prescribing. As fragmenta-
tion may arise from attempts to alleviate barriers for patients in
accessing health services, further research is needed to deter-
mine the optimum balance between the potential harms of
fragmented opioid prescribing and the benefits of wider access
to pain management services.
The final major class was uniform episodic prescribing,

which accounted for about one-third (32.7%) of new LTO
episodes. Like the uniform daily class, the uniform episodic
class was characterized by few prescribers and consistent drug
and supply days dispensed. However, patients in the uniform
episodic class experienced substantially more zero cabinet
supply days between prescriptions. These periods were not
of sufficient duration to indicate a distinct episode of care but
suggested that patients were consistently taking opioids on a
less than daily basis. This could represent a range of possibil-
ities such as intentional episodic prescribing, careful patient-
led self-management with an appropriate pro re nata (PRN)
regimen, or inconsistent care. The uniform episodic class
further differed from other classes in having a substantially
larger volume of opioid prescribing prior to the index long-
term episode. This suggests that opioids are sometimes pre-
scribed on an intermittent or episodic basis over extended
periods of time. Further research is needed to assess the
efficacy and safety of purposeful prescribing of long-term
opioids in less-than-daily patterns, particularly as this practice

was common among new long-term users (32.7%), is often
neglected in the literature by potentially over-restrictive exclu-
sion criteria and is generally unacknowledged by policy dis-
cussions and clinical practice guidelines.
This study had some additional limitations that warrant con-

sideration. As prescribing behavior is influenced by laws, pol-
icies, and other environmental factors at the state and local level,
it is unclear whether prescribing patterns observed in the VHA
will necessarily generalize to other healthcare systems. The VA
is an integrated system that hasmade significant efforts in recent
years to reduce the prevalence and associated risks of LTO,22–28

including implementing the Opioid Safety Initiative, the opioid
overdose and naloxone distribution (OEND) program, the Strat-
ification Tool for Opioid Risk Mitigation (STORM) tool, and
increasing access to non-pharmacological pain management
options.22, 23, 25 In addition, this study was restricted to new
LTO prescribing which accounted for about 15% of LTO pre-
scribing in the VA in 2016,29 and future research is needed to
determine whether these same patterns would generalize to all
prevalent LTO prescribing. Based on differences in 1-year
persistence rates observed in this study, it is likely that, at a
minimum, the distribution patterns would be different, with
greater representation of the uniform daily pattern among prev-
alent LTO users. Finally, our methods were susceptible to a
priori assumptions inherent in the current conceptual definition
of what constitutes LTO prescribing in terms of regularity and
duration of use. While we took a broad approach in creating our
operational definition, our finding suggests that the current
concept of LTO prescribing may be overly restrictive. This idea
further extends to the substantial proportion of patients that fall
into an ill-defined category of intermediate use, who do not
meet current criteria for long-term use but with exposure be-
yond that typically considered to be acute use.29

Fig. 2 Kaplan-Meier survival curves of time to discontinuation in the year following initiation of long-term opioid prescribing.
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CONCLUSION

New LTO prescribing encompasses a spectrum of patterns
which clustered into three main categories: uniform daily,
uniform episodic, and fragmented prescribing. The current
concept of LTO as requiring daily or near-daily use, as well
as a priori operational research definitions of LTO, may ex-
clude important subgroups of patients; examining the full
range of new LTO allows for greater understanding of the full
continuum of opioid prescription patterns. The typology ap-
proach described in this paper forms the foundation for future
work validating these sub-categories of LTO prescribing, in-
cluding contrasts of patient characteristics and clinical out-
comes across groups.
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