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Introduction 

The analyses reported in the main manuscript use the Reducing Infections Related to Drug Use Cost Effectiveness 
(REDUCE) Model of acquisition and treatment for bacterial infections and overdose associated with injection drug 
use. The REDUCE model tracks several clinical outcomes including number of people with infective endocarditis 
(IE), skin and soft tissue infections (SSTI), and overdose (OD) (otherwise known as ‘sequelae’), number of cases 
identified, number linked to inpatient and outpatient care, number of people initiating therapy, and number 
achieving cure from their sequelae of drug use. The model also tracks sequelae-related mortality, quality of life, 
undiscounted life expectancy, discounted quality-adjusted life expectancy (QALE), discounted lifetime medical 
costs from the health system perspective, and non-discounted program costs from the payer perspective (for 
interventions designed to improve follow-up). This technical appendix provides details on key features of the model 
and modeling approach used for this analysis. We constructed the model and performed analyses using C++ and R 
(3.2.2). The model is available for review upon discussion with the authors and as resources are available. We did 
not use every component of the model for the current analysis. In addition, we provide figures and several tables 
detailing calibration, input parameter values and additional results cited in the manuscript. 

REDUCE Model 

The REDUCE model is an individual-based, stochastic simulation model of the natural history of injection drug use 
designed to estimate the outcomes and costs associated with various strategies of prevention, treatment, and 
improving drug use-related care. The model uses a cycle length of one week. Injection frequency is usually reported 
as injection frequency in the past month” and while frequency may change daily depending on drug availability, 
most frequency use is somewhat stable over a one-week period.  

Overview. The model is designed as a number of modules through which simulated individuals pass. Briefly, a 
cohort module helps to “create” the population of interest. Next, individuals created during cohort generation enter 
the “sequelae of drug use (SDU)” module, which is where they encounter probabilities of fatal or nonfatal overdose, 
infective endocarditis, or skin and soft tissue infections. From the SDU module, individuals enter back into the 
simulation or link to the “inpatient” module. In the “inpatient” module, individuals are hospitalized for their SDU. 
There are a variety of interventions (beyond standard hospital treatment) that individuals may encounter if those 
services are turned “on” by the user. Following the inpatient module, individuals have a probability of linking to 
outpatient care in the “outpatient” module. Linkage to outpatient care may vary based on the type of services an 
individual encountered in the hospital and/or the type of SDU they have (overdose vs infection). They may unlink 
from the outpatient module or never enter it (based on probabilities). The “behavioral transitions” module is when 
individuals have the probability of moving between injection frequency drug use states (high frequency, low 
frequency, or no current drug use), between sterile injection practice states (skin cleaning or no skin cleaning), and 
sharing/reusing needles. After the “behavioral transitions” module, individuals move to the “mortality, cost, and 
quality of life” module. At this point, the model begins again in cycle n+1.  

Module 1: Cohort initiation. When the model is initiated, a cohort of individuals is generated using 6 parameters:  

(1) ever injection drug use status (ever/never) 
(2) age (0-99).  
(3) sex (M/F) 
(4) injection frequency (high/low/no current/never) 
(5) reusing/sharing equipment (yes/no/never).  
(6) sterile injection practice (cleaning/no cleaning/never) 

From these parameters, the cohort developed is a distribution of people who have ever or never injected drugs and 
those who are ever are stratified by injection frequency and injection practices. The model is structured such that 
first the user specifies the proportion of the population that has ever injected drugs. Following that, there are two 
methods by which the model can draw age and sex. The first is by using age/sex tables and the second is by directly 
specifying age and sex distribution parameters. In the latter method of drawing from age and sex, the user inputs 
values directly into the deterministic parameter file. These inputs include proportion male, average male age, 
standard deviation male age, average female age, standard deviation female age, and minimum age 

Next, among those who are ever drug users, the probability of injection frequency is drawn from an age/sex 
stratified table—high, low, and no current injection drug use. For this, all three probabilities of an age/sex group 
should equal to 1 and the model draws from this set of probabilities. The model does not allow for the added 
probability to be greater than 1. Finally, all persons who are ever drug users, are assigned an initial status of being a 
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skin cleaner and a needle sharer which does not depend on age and gender. While these are the initial attributes, all 
individuals have the possibility of “picking up” additional attributes as they move through the model. All never drug 
users are assigned “never” injection frequency, skin cleaning and needle sharing status.  

Assumptions built into the model for the initial cohort:  

1) no one starts on treatment for opioid use disorder 
2) no one starts out with a history of overdose  
3) no one starts with a history of infection 
4) no one begins in care or in the hospital setting.  

 
Module 2. Sequelae of Drug Use. Once the cohort is initialized and each individual has been assigned an initial 
drug use status, age, sex, and injection frequency and practices, individuals enter the sequelae of drug use (SDU) 
module. Broadly, the SDU in this model include infective endocarditis (IE), skin and soft tissue infections (SSTIs), 
and overdose (OD). When they first enter, the model checks their ever/never status. If they are “never,” then they 
return to the simulation. Therefore, only “ever” drug users can progress through this module. The model then checks 
their injection frequency. If they are “no current,” then they return to the simulation. Therefore, only “low 
frequency” and “high frequency” injectors progress through this module. Additionally, if the individual is currently 
in inpatient care, they return to the simulation. If a person is currently on antibiotics, they progress through the SDU 
module but they cannot acquire a new infection (SSTI or IE). 

At this point, remaining individuals are subject to probabilities for acquiring an SDU. On the first cycle of this 
model, no one has a history of SDU, but have the possibility of acquiring one or multiple through their life. History 
of SDU is tracked as it has implications for future SDU. One assumption of the model is that in each cycle, an 
individual can have more than one SDU, but only acquires one infection at a time. Additionally, individuals may 
have concurrent SDU (meaning that they may acquire IE in cycle 1 and then SSTI in cycle 2, if they have not been 
hospitalized for their existing SDU. Another assumption of the model is that SDUs can only be acquired while not 
“inpatient” or on antibiotics (next module).  

Individuals who are eligible for an SDU, progress through a number of probabilities of acquiring an SDU. All SDUs 
are stratified by injection frequency (high and low) and the infectious SDU are also stratified by injection practices 
(skin cleaning, needle sharing). SDU probabilities are not stratified by age and sex. The model is structured such that 
an individual first encounters a combined probability of overdose (fatal + nonfatal), stratified by injection frequency. 
If an individual has a current infection their overdose rate is multiplied by the current infection multiplier. A 
proportion of overdoses are fatal and a proportion are nonfatal. If a person draws an overdose, the model checks 
whether they are within their OEND effective cycles and dependent on that, fatal overdose is drawn. One aspect of 
the model is that at this point, if a person draws a fatal overdose then they are flagged as “dead, fatal overdose.” 
They continue to proceed through the rest of the modules but cannot acquire any further attributes (e.g., they cannot 
get another infection, be hospitalized, start MOUDs, change their behaviors). These individuals, however, accrue the 
full costs of the cycle (based on background costs, costs of fatal overdose, and costs of any other SDUs that are 
untreated) and utilities (based on age, sex, and other current health states at the end of the cycle). For those that have 
a nonfatal overdose or do not have an overdose, they then face a combined probability of infectious SDU (IE + 
SSTI), stratified by injection frequency, skin cleaning and needle sharing attributes. A proportion of that probability 
is IE and the other is SSTI. The model is structured to account for a history of SDU (treated in hospital, resolved 
because it was a nonfatal OD) and for existing SDUs. An existing SDU is anything that an individual has during the 
current cycle. From a clinical perspective, this represents an “untreated” infection (e.g., someone has not gone to the 
hospital for their endocarditis or someone is currently on outpatient antibiotics but not cured) or a current nonfatal 
overdose. Once treatment is complete or the SDU resolves (as is the case with nonfatal overdose which resolves in 1 
cycle), then the person is flagged with a history of the corresponding SDU. Individuals with a history of 
endocarditis, for example, do not continue to accrue morbidity-associated costs after the endocarditis is resolved. Put 
another way, costs are time updated in the model such that costs associated with sequelae only last for the duration 
of the sequelae.  

An existing SDU causes a change in the likelihood of another SDU. In the model, there is a single multiplier for one 
or more existing SDUs that is applied to both the probability of OD and the probability of infectious SDU. This 
multiplier exists until the individual is treated for the SDU.  For those who have a nonfatal overdose, the existing 
SDU multiplier will be applied to the probability of infection in the same cycle only since an existing nonfatal OD 
(that does not link to inpatient), only lasts one cycle. Additionally, a history of SDUs changes the probability of 
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future SDUs. Multipliers are only applied to the SDU for which there is a history (e.g., OD history changes the 
probability of recurrent OD; any infection history changes the probability of future infection [any infection, not just 
the one that occurred]). For OD, there are 4 multipliers (e.g., 1 past nonfatal OD, 2-3 past nonfatal OD, 4-7 past 
nonfatal OD, and 8+ past nonfatal ODs). For history of treated infections, there is only one multiplier (1+ past 
treated infections).  For instance, in cycle 1, an individual gets IE but does not go to the hospital/receive treatment 
and does not die in cycle 1. By cycle 2, having IE makes that individual have a greater probability of OD or SSTI. 
For this model, individuals will not be able to acquire the same SDU in that next cycle. From the previous example, 
the individual with IE will only be able to acquire OD or SSTI, not IE in cycle 2. While that infection remains 
untreated, there is an effect on getting another infection/OD. Once that infection is treated, then there is a separate 
effect of this infection on future infections. Therefore, this module has two multipliers: 1) one that can change the 
probability of an additional SDU if current SDU is untreated, and 2) one that can change the probability of a 
recurrent SDU (in the future) if the current SDU is fully treated and they survive it.  

If an individual does not acquire an SDU in the current cycle and does not have an untreated SDU from a past cycle, 
they return to the simulation. If they acquire one or more SDUs, or have an untreated SDU from a past cycle, then 
individuals draw linkage probability to inpatient from the SDU. Linkage to inpatient depends on the linkage 
probability of their SDU; if an individual has more than one SDU, their linkage probability is the highest of the 
linkage probabilities for the SDUs they have. There remains the possibility that an individual does not link to 
inpatient. In the case of nonfatal OD, it implies that the OD was not severe enough to require hospitalization (or was 
treated in the field). In the subsequent cycle, there should not be a flag for untreated overdose. All nonfatal 
overdoses are, by definition, treated so the “existing” state can only last for the cycle in which the non-fatal overdose 
occurs. In the case of endocarditis, the untreated flag should remain on until the person either dies or links to 
inpatient care and gets cured. This is because endocarditis is generally uniformly fatal if untreated. In the case of 
SSTI, some SSTIs can spontaneously clear (e.g., consider a pimple or slight redness around a cut). In the model, we 
are assuming that SSTIs being modeled are serious infections that would require hospitalization or, otherwise, 
ultimately lead to death. Therefore, similar to IE, the untreated SSTI flag remains on until either 1) the person dies, 
or 2) the person is linked to inpatient and cured, whichever occurs first. Individuals who go to the hospital will be 
classified as “inpatient” starting in the same cycle and will have an “in-hospital mortality.” Once they leave the 
hospital, they are considered as having a history of infection. If an individual does not link to inpatient, they are 
classified as having “existing” SDU and have different risks of death (untreated mortality probabilities for each 
SDU). Individuals who come to the SDU module on subsequent cycles with an additional SDU (>1 SDU at a time) 
will have the probability of hospitalization that is equal to the highest probability of the SDUs. 

Attributes that an individual can acquire in this module and are tracked: 

1. Current IE 
2. Current SSTI 
3. Current OD, non-fatal 
4. Current OD, fatal 
5. History of treated IE 
6. History of treated SSTI 
7. History of treated OD 

 
Module 3. Inpatient Hospitalization Module. One assumption of the model is that any individual that is either a) 
current injection drug use or b) has a current, untreated SDU is presumed to have opioid use disorder (OUD). Some 
sequelae of OUD are infectious and some are non-infectious (e.g., overdose).  

Each individual with 1+ SDU has a probability per cycle of presenting to an inpatient setting for their care. When 
individuals enter the inpatient module, the model checks their current SDU status. If they do not have a current 
untreated SDU or died of fatal overdose in the previous module, or they are on outpatient antibiotics, then they 
return to the simulation. Therefore, only those individuals with active SDU can progress through this module.  

The path through the inpatient module is conditional on the SDU(s) that an individual has: nonfatal OD, IE, SSTI, or 
combination. The hospitalization duration for overdose is 1 cycle; the hospitalization duration for SSTI and IE are 
drawn stochastically from a normal distribution with a user defined mean and standard deviation; the model allows 
for a maximum hospitalization to be set so that at the end of the max amount of time a person will leave the hospital. 
Each hospitalization is associated with a cost that is accrued in later module. The key feature of this module is that 
individuals may encounter a variety of in hospital services. These services are either turned on or off by the user 
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depending on the analysis. If they are on, then individuals will have a probability of being offered and of accepting 
those services during their hospitalization. Each service has an effect either within this module or elsewhere in the 
simulation. Each service is associated with a cost that is applied in a separate module at the end of the simulation. 
Individuals should be “marked” as using/receiving a service such that the cost can be tabulated in the separate 
module. Additionally, some of the services have an independent effect on quality of life. Similar to cost, this is 
applied in a separate module at the end of the simulation. Hospitalization is associated with a decreased QoL so 
there is a hospitalization QoL weight that can be applied in a separate module at the end of the simulation.  

 
Hospital-based service SDU for which 

service applies 
(eligibility) 

Effect in the model Independent cost Independent 
quality of life 

Addiction consult service OD, SSTI, IE, 
combination 

Change (increase) probability of linkage to 
outpatient addiction care*, changes 
probability of linkage to outpatient MOUD. 
Change probability of transitioning between 
injection frequency states. See treatment 
effect description below. 

Yes, this recurs on a weekly 
basis while inpatient 

No 

Initiation of MOUD (e.g., 
buprenorphine) 

OD, SSTI, IE, 
combination 

change probability of linkage to outpatient 
MOUD. Change probability of transitioning 
between injection frequency states. See 
treatment effect description below. 

See treatment effect. Yes, 
recurs on a weekly basis while 
inpatient 

Yes 

*These interventions are applied only in the last cycle of hospitalization and they will have post-treatment effective cycles 
drawn from a normal distribution. 

Each individual has a probability of in-hospital mortality that is discussed in detail in the mortality module section. 
It is mentioned here to note that it is an attribute that an individual can acquire. During hospitalization, individuals 
“carry” a flag/marker that designates them as hospitalized. While hospitalized, individuals cannot get a new SDU so 
they will not enter SDU module. They have an “in hospital” mortality that is conditional on the SDU for which they 
are hospitalized. For the duration of their hospitalization, their injection frequency is considered to be “no current” 
regardless of their actual status and they are not exposed to behavior transitions. The exception to this rule is as 
follows: In the last hospitalization cycle, individuals are exposed to behavior transitions based on their pre-
hospitalization status. If they have received any intervention that would affect their behaviors (MOUD, skin cleaning 
education or clean needle distribution), the intervention effect will be applied to their actual or pre-hospitalization 
behaviors and post-treatment effective cycles will be drawn. These behavioral changes are assigned in the last 
inpatient cycle so that they take effect the first cycle out of inpatient. However, cost-life-mortality module still 
consider them as “no current”. When the inpatient hospitalization time has lapsed, then individuals move to the 
outpatient module. In the outpatient module, they have a probability of then linking to different types of care.  

For the current analysis, needed to first derive the following probabilities: 1) addiction consult service, probability of 
uptake if available, 2) Initiation of MOUD, probability with an addiction consult, and 3) Initiation of MOUD, 
probability without an addiction consult. For 1): we used personal communications with Zoe Weinstein who leads 
the BMC addiction consult service and Caroline King who has analyzed unpublished data from the addiction consult 
service at OHSU to derive the percent of people who get ACS. Dr. Weinstein’s initial data estimated that 
approximately 25.8% of those individuals who have opioid use disorder receive an addiction consult service. This is 
a conservative estimate of the number of patients with opioid use disorder that may be seen by an addiction consult 
service, therefore we did a sensitivity analysis that varied this percentage from 4% to 40%. For 2): we used 
unpublished data from the BMC and OHSU addiction consult services, which demonstrated that approximately 65% 
of people with an OUD (range 32-97%) who receive an addiction consult get started on methadone or 
buprenorphine. For 3) We used data from the VA Health System to estimate that 11% (range 5-16%) of people 
admitted with OUD received MOUDs without ACS. Therefore, for scenario of MOUD without ACS, the overall 
probability was 11%. For scenario of ACS which can offer MOUD, we multiplied 25.8 by 65% =16.9. This means 
that approximately 25% of people with OUD get seen by ACS and that 65% of those get started on MOUD by ACS. 
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For the combined strategy, we added the combined probability of people with OUD getting MOUD without an ACS 
with the probability of people with OUD getting an MOUD with ACS (11 by 74% + 25.8 by 65%=25%). We then 
divided all of these probabilities by 3 to obtain weekly probabilities since the average length of stay was 3 weeks.  

 ACS Percent MOUD no ACS MOUD Percent on ACS 

Lower Range 0.04 0.05 0.32 

Model Param 0.258 0.11 0.65 

Upper Range 0.4 0.16 0.97 

 

In model (accounting for avg LOS)  MOUD no ACS MOUD on ACS only MOUD and 
ACS 

Lower Range 0.016666667 0.004266667 0.020266667 

Model Param 0.036666667 0.0559 0.083106667 

Upper Range 0.053333333 0.129333333 0.161333333 

 

Module 4. Outpatient Care Module. There are two different ways in which an individual can enter the outpatient 
module. First, an individual can enter via background linkage. This means that those who are not hospitalized but 
“decide” to seek care can do so by entering this module. Second, an individual can enter via the inpatient module. 

For individuals entering from the simulation (background). Each individual encounters the outpatient module. 
Individuals with a “death” flag from a previous module (fatal overdose) enter the outpatient module and 
immediately return to the simulation. Individuals who are currently hospitalized immediately return to the 
simulation. All other “ever” drug user individuals have a probability of linking to outpatient care and progress 
through the outpatient module, regardless of history of SDU or drug use status. If individuals do not draw “linkage” 
then they return to the simulation. For individuals entering from the inpatient module (inpatient linkage). When the 
inpatient hospitalization time has lapsed, then individuals encounter a linkage probability to the outpatient module 
depending on inpatient services they have received. 

Outpatient addiction care. Individuals have a probability of linking to outpatient addiction care (either with or 
without MOUDs). One cannot be simultaneously in outpatient addiction care with MOUDs and without MOUDs 
(these are separate states). But individuals can be simultaneously in outpatient addiction care (with or without 
MOUDs) and outpatient antibiotics. 

Individuals have a probability of unlinking from outpatient addiction care either with or without MOUDs or 
transitioning between MOUD states. There is a separate probability of linking to outpatient addiction care (with or 
without MOUDs) for those coming from the inpatient module and those coming from the simulation (spontaneous 
linkage/background linkage). There are different linkage probabilities for the following groups: 

1. Individuals who have received inpatient addiction care but did not get MOUD 
2. Individuals who have received inpatient addiction care and got MOUD 
3. Individuals who did not receive inpatient addiction care but got inpatient MOUD 
4. Individuals who did not receive any relevant inpatient services or individuals coming from the background (no 

hospitalization) 
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If an individual is in outpatient addiction care and acquires an infection (SSTI or IE) they will automatically be 
linked to inpatient care in the next cycle. In this case, they will unlink from outpatient care and all outpatient related 
flags/cycles will be cleared. 
  
Outpatient service Eligibility Effect in the model, while linked Independent cost Independent 

quality of life 

Outpatient addiction with 
MOUD 

Any ever IDU in the 
simulation not actively 
hospitalized  

Change (decrease) probability of 
unclean injection; change (decrease) 
needle sharing, change (increase) 
probability of moving to lower 
frequency state and change (decrease) 
probability of moving out of no/low 
frequency state. See treatment effect 
document.  

Yes Yes 

Outpatient addiction 
without MOUD 

Any ever IDU individual in 
the simulation not actively 
hospitalized  

Change (decrease) probability of 
unclean injection; change (decrease) 
needle sharing 

Yes No 

 

Module 5: Behavioral Transitions Module. Following the inpatient and outpatient modules, individuals move to 
the behavioral transitions module. Individuals may also enter this module “from the simulation.” The latter 
represents the ability of someone to change their behaviors organically (without interventions). This is the module in 
which they can move between high frequency, low frequency, and no current use states, move from never and ever 
IDU, move between skin cleaning and not skin cleaning states, and move between sharing needles and not sharing 
needles states. There is a prior probability of movement between states (status quo) and various “flags” acquired 
throughout the model progression that impact certain probabilities. These have been outlined in various other 
module descriptions but are also be outlined below. 

Treatment Effects: The primary driver of morbidity and mortality in the module is the injection frequency. High 
frequency individuals are at higher risk than low frequency injectors of sequelae of drug use (SDUs), which include 
overdose, skin/soft tissue infections, and endocarditis in this model. All persons who are “ever” injectors have the 
possibility of moving to a higher or lower injection frequency state (depending on their current state) or staying in 
their current state per cycle. For instance, a high frequency injector may remain as a high frequency injector or may 
move to low frequency or no current use states. There are a few ways that the injection frequency can be modified in 
the model. In brief, however, only hospitalization and MOUDs can change injection frequency in the model. 

Mechanisms by which transitions between injection frequency states are changed: 

1) Hospitalization.  
2) Outpatient MOUD initiation.  
3) Inpatient MOUD initiation.  
4) Behavioral transitions with MOUD.  
 

 Frequency state 

Treatment status 
HFàLF HFàNo LFàHF LFàNo NoàHF NoàLF 

No treatment       
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Immediate MOUD effect (0-4 
weeks)       

>4-week MOUD effect       

 

For this analysis, we developed a transition state model to estimate transition probabilities between injection drug 
use state, stratified by whether someone was on or off treatment. We used data from the ALIVE cohort from 1988-
2017 and estimated the probability for individuals moving between the aforementioned drug use states. We included 
only those months that individuals were on treatment (methadone or buprenorphine) for the “on treatment” transition 
probabilities and those time points that an individual was off treatment for the “off treatment” probabilities. Being 
on MOUD, therefore, increased the probability that an individual would transition from a high frequency to lower 
frequency drug use state. Those values are noted below: 

No Treatment (Weekly Probabilities) 

  
none_to
_low  

 
none_to_
high  

 
none_to_
none  

 
low_to_
none  

 
low_to_
high  

 
low_to
_low  

 
high_to_
none  

 
high_to
_low  

 
high_to_
high  

estimate                  
0·0032  

             
0·0015  

       
0·9953  

       
0·0089  

           
0·0083  

       
0·9828  

       
0·0042  

       
0·0074  

       
0·9884  

lower_ci                  
0·0030  

             
0. ·0015  

       
0·9955  

       
0·0086  

           
0·0080  

       
0·9834  

       
0·0040  

       
0·0072  

       
0·9888  

upper_ci                  
0·0033  

             
0·0016  

       
0·9951  

       
0·0092  

           
0·0086  

       
0·9822  

       
0·0044  

       
0·0077  

       
0·9880  

 

Combined Treatment (Weekly Probabilities)  

  
none_to
_low  

 
none_to_
high  

 
none_to_
none  

 
low_to_
none  

 
low_to_
high  

 
low_to
_low  

 
high_to_
none  

 
high_to
_low  

 
high_to_
high  

estimate                  
0·0107  

             
0·0117  

       
0·9776  

       
0·2367  

           
0·0248  

       
0·7384  

       
0·1617  

       
0·1617  

       
0·6766  

lower_ci                  
0·0013  

             
0·0038  

       
0·9949  

       
0·1606  

           
0·0102  

       
0·8292  

       
0·1534  

       
0·1534  

       
0·6932  

upper_ci                  
0·0177  

             
0·0258  

       
0·9566  

       
0·2454  

           
0·1538  

       
0·6008  

       
0·2281  

       
0·2281  

       
0·5439  

 

 
Module 6: Mortality Module. The mortality module also includes costs and quality of life adjustments.  

Mortality. There are two places in the model that an individual can die: fatal overdoses in the SDU module and in 
the mortality module. To review, in the SDU module, an individual draws a combined probability of all types 
overdose which is stratified by injection frequency (high and low frequency). From that combined probability, an 
individual can draw either a fatal or non-fatal overdose. If an individual draws a fatal overdose, then go through the 
remainder of the cycle with a “fatal OD” flag up which does not allow them to get any further interventions, collect 
additional costs, change their behavior status, etc., however, they will accumulate the background cost and utility of 
that cycle. As such, the background mortality in the mortality module should exclude overdose mortality.  

The background mortality risk is an age and sex adjusted mortality probability (excluding fatal overdose). There are 
a number of occurrences in the model that can impact the weekly risk of mortality. First, individuals who are 
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hospitalized for an SDU (non-fatal overdose, SSTI, or endocarditis) have an increased risk of death. If the inpatient 
individual further gets an ID consult, their infection inpatient mortality rate is augmented by an ID consult mortality 
multiplier (ID consult will not affect overdose mortality). Second, individuals who have an untreated skin and soft 
tissue infection or untreated infective endocarditis have an increased risk of death. These risks are input as 
probabilities (and converted to rates by the model) which are then added to the background mortality at the end of 
each cycle. Once a patient is cured of their infection their SDU flags are removed and their mortality goes back to 
background mortality. The mortality risk only applies for each cycle that they have that risk. For example, a person 
gets endocarditis and does not present to inpatient care during a cycle. Then they have an “existing endocarditis” 
flag that the end of the cycle should prompt the rate of death for untreated endocarditis to be added to the 
background mortality. On cycles 2-5 that same individual, however, is hospitalized and being treated for their 
endocarditis. For those cycles, they get an “in-hospital for endocarditis” flag such that the in-hospital endocarditis 
mortality rate is added to their background mortality each cycle. On cycle 6, this person leaves the inpatient setting 
(completes treatment) so all flags are, therefore, off and at the end of that cycle they get only background mortality. 
We do not include an additional mortality risk for being an active drug user since most of that risk will be folded 
into overdose and other SDUs.  

Cause of death as an output: In the model, individuals can die of background causes or as a direct result of their 
injection drug use. Direct causes of injection drug use include:  

1. Overdose (combination of fatal overdose/ hospitalized and nonfatal OD that dies in the hospital) 
2. endocarditis (combination of hospitalized and non-hospitalized) 
3. SSTI (combination of hospitalized and non-hospitalized) 
 

Aside from fatal overdose, all of the other causes of death get added to the background mortality as outlined above. 
For instance, an individual’s weekly probability of death (conditional on not dying of a fatal overdose) may be pd 
and they may have endocarditis which increases their risk of death by x. The individual’s weekly risk of death is, 
therefore, the sum of the rates converted to a probability. However, as an output, we need to be able to determine the 
attributable cause of death (this person may have died of endocarditis OR background causes). To do this, we use 
the sum of the rates as the denominator and the individual mortality risk (rates) as the numerator in drawing the 
cause of death. Important for consistency, the input parameters are probabilities and therefore all rates are calculated 
in the model. For instance, background mortality rate is x (prob = px), untreated endocarditis is y (prob = py), and 
untreated SSTI is z (prob = pz). Total rate = x + y + z. This is converted to a probability of death, pc. If death = yes, 
then to determine the cause, the model draws from the following probabilities: probability that death was from 
background = rx/rc; probability that death was from endocarditis = ry/rc; probability that death was from SSTI = rz/rc 
(Cause of death should be calculated based on rate ratios) The same methodology would hold true if there were two 
concurrent SDUs. As outputs, we only want to output background deaths, endocarditis deaths, SSTI deaths, and 
overdose deaths (do not need to stratify by inpatient vs outpatient).  

Costs. Costs are accrued for a variety of reasons. At the end of each cycle, costs associated with certain 
characteristics should be added up to the background costs. A discount rate should be applied at that time. 

1. Background costs: age and sex stratified costs of being alive which are the same for never and ever IDUs 
2. Injection drug use costs: Ever injection drug users should have costs that are stratified by frequency:  

a. Cost of no current injection drug use 
b. Cost of high frequency injection drug use 
c. Cost of low frequency injection drug use 

3. Cost of fatal overdose 
4. Cost of non-fatal overdose not hospitalized 
5. Cost of untreated endocarditis 
6. Cost of untreated skin/soft tissue infection 
7. Per cycle costs of hospitalization for endocarditis* 
8. Per cycle costs of hospitalization for skin and soft tissue infection* 
9. Per cycle costs of hospitalization for overdose* 
10. Inpatient services costs 

a. Addiction consult service: recurring weekly cost while inpatient 
b. MOUDs: recurring weekly cost while inpatient 

11. Outpatient services costs 
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a. Outpatient addiction with MOUD: recurring weekly cost while on MOUD and linked to addiction care 
b. Outpatient addiction without MOUD: recurring weekly cost while linked to care 

 

*If someone is hospitalized for multiple causes (IE, SSTI, OD) they do not get costs for all 3 as we would be double 
(or triple) counting. Instead, they get the maximum of the hospitalization costs for what they have (i.e., if the 
individual was hospitalized for SSTI and IE, they would receive whichever costs are higher, SSTI or IE, but not 
costs for both). 

Health utilities. There are two ways that health states can be calculated: 1) minimum estimator and 2) multiplicative 
approach. In the minimum estimator approach, all of the health state utilities are looked at by the model individually 
and the lowest health state utility is “chosen” to be the utility for that particular cycle. In the multiplicative approach, 
all of the health state utilities that apply to a given individual are multiplied together to come up with a new, unique 
health state utility. These utilities get applied to the life expectancy to come up with a quality-adjusted lifespan 
(quality adjusted life years, expectancy, etc). Health states with different utilities in this model: 

1. Age and sex stratified utility (ages 0-100, men and women) 
2. Utility of being an ever drug user in no current drug use 
3. Utility of being an ever drug user in low frequency drug use 
4. Utility of being an ever drug user in high frequency drug use 
5. Utility of nonfatal overdose, not hospitalized 
6. Utility of untreated endocarditis 
7. Utility of untreated SSTI  
8. Utility of being hospitalized endocarditis 
9. Utility of being hospitalized skin infection 
10. Utility of being hospitalized OD 
11. Utility of being on MOUDs 

 
All costs and life expectancy should have a discount rate applied at the end of the cycle so that we can derive a 
discounted cost and a discounted quality adjusted life expectancy. 
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Supplemental Tables and Figures 

Supplemental Table 1. Estimates for Key Model Parameters to Characterize Outcomes of People who Inject 
Drugs over a Lifetime 
Parameter Estimate Range Source 

Population    

Probability of ever drug use (one-time) Varies by age and sex  1-5 

Probability of injection drug use frequency (one-time)  Varies by age and sex  6,7 

    

Sequelae of Drug use (weekly)       

Probability of overdose       
4,8-12  
13 

 Low frequency drug use  0·0026 0·0026-0·0027 

 High frequency drug use  0·0005 0·0005-0·0006 

Probability of fatal overdose 0·1300 0·1200-0·2400 12-14 

Combined probability of IE and SSTI, stratified by injection 
behavior profile  

Varies (Supplemental 
Appendix) 

 
15-20 

Proportion of infections attributable to IE 0·1300 0·0300-0·4000 15,16,21,22 

Probability of linking to inpatient care following nonfatal 
overdose 

0·9700   Unpublished data**** 

Probability of linking to inpatient care for IE  0·2000 0·1830-0·2170 23 

Probability of linking to inpatient care for SSTI  0·0019 0·0008-0·0040 24 

Previous overdose multiplier for risk of subsequent overdose 1 NFOD: 1·15  0·72-1·82 25 

2-3 NFOD: 1·81 1·19-2·27 

4-7 NFOD: 2·12 1·11-4·04 

8+ NFOD: 5·24 1·56-17·01 

Previous infection multiplier for risk of subsequent infection 2·8 1·50-5·10 26 
 

      

Inpatient       

Duration hospitalization SSTI (weeks), mean  2  1-4 16 

Duration hospitalization IE (weeks), mean 6  4-8 16 

Probability of AMA discharge (weekly) 0·0500 0·0300-0·1000 Expert opinion 

Addiction consult service, probability of uptake if available 
(weekly) 

0·2580 0·04-0·40 Unpublished BMC 
ACS data; expert 
communication* (See 
Supplemental 
Appendix) 

Initiation of MOUD, probability with an addiction consult 
(weekly) 

0·6500 0·32-0·97 Unpublished ALIVE** 
data; 27-29 (See 
Supplemental 
Appendix) 

Initiation of MOUD, probability without an addiction consult 
(weekly) 

0·1100 0·05-0·16 

    

Outpatient (weekly)       

Outpatient addiction care linkages        

 Outpatient addiction care (MOUD) from    

 inpatient with ACS and MOUD  

0·7000 0·6700-0·7220 Unpublished data***, 
30,31  
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 Outpatient addiction care (MOUD) from  

 inpatient without ACS, with MOUD 

0·5714 0·5404-0·6024 Unpublished data*** 

 Outpatient addiction care (No MOUD) from  

 inpatient addiction care with ACS, without  

 MOUD  

0·4529 0·4415-0·4643 Unpublished data*** 

 Outpatient addiction care from inpatient  

 care (No MOUD), without ACS 

0·0500 0·0490-0·0501 32,33   

Outpatient MOUD initiation       

 Outpatient addiction care from inpatient  

 with ACS 

0·5069 0·4649-0·5489 Unpublished data*** 

 Outpatient addiction care without ACS 0·1620 0·1439-0·3430 32 

Outpatient unlinking       

 Spontaneous "unlinkage" from outpatient  

 addiction care with MOUD 

0·0481 0·0298-0·0666 30,34   

 Spontaneous "unlinkage" from outpatient  

 addiction without MOUD 

0·1560 0·1262-0·1860 30,35

  

Mortality (weekly)       

Background overdose subtracted mortality Varies by age and sex 0·0008-0·0011 36,37 

Probability of death, untreated IE 0·1623 0·0848-0·5358 38,39 

Probability of death, untreated SSTI 0·0023 0·0023-0·0028 39 

Probability of death, inpatient with IE 0·0100 0·0018-0·0161 39-43  

Probability of death, inpatient with SSTI 0·0008 0·0008-0·0025 39 

Probability of death, inpatient with overdose 0·0190 0·0130-0·0270 44 

    

Costs± (weekly)    

Background costs Varies by age and sex  45 

No current injection drug use $224  $112-$336 28 

High frequency injection drug use $357 $178-$536 28 

Low frequency injection drug use $238  $119-$357 28 

Fatal overdose $430  

 

$215-$645 46 

Non-fatal overdose not hospitalized $1,118 

 

$559-$1678 46 

Hospitalization for IE $21,573 $8,736-$34,410  16  

Hospitalization for SSTI $17,751 $9,124-$26,378 16 

Hospitalization for overdose $14,195 

 

$12,744-$15,646 46 

ACS  $225  $150-$300 Unpublished BMC 
ACS data, 47 

Outpatient addiction visit with MOUD $81  $78-$138 47,48 

Outpatient addiction visit without MOUD $81  $62-$138 28,47,48 
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Notes: The ReDUCE Model runs on a weekly time cycle, therefore, all probabilities in this table are weekly probabilities. 

IE=infective endocarditis; SSTI=skin and soft tissue infections; AMA=against medical advice; MOUD=medication for opioid use disorder; 
ACS=addiction consult service 
*Expert communication with Drs. Honora Englander and Caroline King 
**ALIVE = AIDS Linked to the IntraVenous Experience 
*** These transition probabilities were derived from a combination of unpublished data from Oregon Health Sciences University, Boston Medical 
Center, and the Veteran’s Administration. Further explanations are provided in the Supplemental Appendix.  
**** Estimates were derived from 2015 to 2016 NYC provisional overdose data 
±In the U.S., costs of medical care may fall on the individual, payor, or individual hospital. We performed this analysis from the perspective of the 
general payor system. Medical costs include hospitalizations, outpatient care such as primary care and specialists, medications, and ambulance 
services (when applicable) 

For the base case, we initiated the model such at all individuals were using “unsafe” injection practices. For the alternate scenario analysis, we 
assumed that no individuals were reusing needles and that all individuals were cleaning their skin regularly. We made the conservative assumption that 
“harm reduction services” had no impact on overdose, only on injection practices. 
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Supplemental Table 2. Calibration targets    

Target Target Value Modeled Value Standard Error 

1-year endocarditis among PWID 55 per 10,000 55 per 10,000 5·80% 

1-year fatal overdose among PWID 68 per 10,000 70 per 10,000 0·74% 

3-year IE mortality among PWID 29·0% 35·0% 17·4% 

Remaining life expectancy among PWID 35·3 years 35·5 years 0·62% 

PWID = People who inject drugs  
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Supplemental Table 3. Weekly probability of infection (endocarditis and skin and soft tissue), 
stratified by injection behavior profile 

Injection behavior profile Value (mean, standard deviation) 

High frequency, higher infection risk 0·0045, 0·067 

High frequency, lower infection risk 0·0004, 0·020 

Low frequency, higher infection risk 0·0023, 0·048 

Low frequency, lower infection risk 0·0002, 0·014 

Note: higher infection risk=persons who do not clean their skin and reuse injection equipment; lower infection risk=persons who clean their skin 
and do not reuse injection equipment 
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Supplemental Table 4. Impact inventory 

Sector Type of Impact 
Perspective 

Notes 
Third-Party Payer 

Formal Health Care 
 
 
 
 
 

Health 

Health Outcomes (Effects) 
Longevity √  

HRQoL √  

Other Health Effects √  

Medical Costs 
Third-Party Payers √  

Patients out-of-pocket   

Future related medical costs √  

Future unrelated medical costs   

Informal Health Care 

 
Health 

Patient-time costs N/A  

Unpaid caregiver-time costs N/A  

Transportation costs N/A  

Non-Health Care Sectors 
 

Productivity 

Labor market earnings lost N/A  

Cost of unpaid lost productivity N/A 
Cost of uncompensated household 
production 

 
N/A 

Consumption Future consumption unrelated to health N/A  
 

Social Services 
Cost of social services related to 
intervention 

 
N/A 

 

Legal or criminal 
justice 

Number of crimes related to intervention N/A  
Cost of crimes related to intervention N/A  

Education Impact on educational achievement N/A  
 

Housing 
Cost of intervention on home 
improvements 

 
N/A 

 

 
Environment 

Production of toxic waste by 
intervention 

 
N/A 

 

Other Other impacts N/A  
HRQoL: Health-related quality of life; Impact Inventory included on recommendation from the Second Panel on Cost-Effectiveness in Health and 
Medicine 
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Supplemental Table 5. CHEERS checklist 
Element Journal Article Supplement 
Introduction 

Background of the problem √  

Study Design and Scope 
Objectives √  

Audience √  

Type of analysis √  

Target population √  

Description of intervention and comparators √  

Other intervention descriptors √  

Boundaries of the analysis; defining the scope or comprehensiveness of the study √  

Time horizon √  

Analytic perspectives √  

Whether this analysis meets the requirements of the reference case √  

Analysis plan √  

Methods and data 
If model based analysis: 

Description of event pathway or model √  

Model diagram √  

Description of the model used √  

Modeling assumptions  √ 
Software used  √ 

Identification of key outcomes √  

Complete information on sources of effectiveness data, cost data, and preference weights √  
Methods for obtaining estimates of effectiveness (including approaches used for evidence synthesis)  √ 
Methods for obtaining estimates of costs and preference weights  √ 
Critique of data quality  √ 
Statement of costing year √  

Statement of methods used to adjust for inflation √  

Statement of currency used √  

Source of expert judgment (if applicable) √  
Statement of discount rates √  

Impact Inventory 
Full accounting of consequences within and outside the health care sector √  

Results 
Results of model validation  √ 
Reference case results: total costs and effectiveness, incremental costs and effectiveness, ICERs, 

uncertainty measures 
 

√ 
 

Disaggregated results for important categories of costs, outcomes or both √  

Results of sensitivity analysis √ √ 
Other estimates of uncertainty √ √ 
Graphical representation of cost-effectiveness results √  

Graphical representation of uncertainty analyses √ √ 
Aggregate cost and effectiveness information √  

Secondary analyses √ √ 

Disclosures 
Statement of any potential conflicts of interest due to funding source, collaborations, or outside 

interests 
 

√ 
 

Discussion 
Summary of reference case results √  

Discussion of the study results in the context of results of related cost-effectiveness analyses √  
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Discussion of ethical implications √  

Limitations of the study √  

Relevance of study results to specific policy questions or decisions √  

Summary of sensitivity of results to assumptions and uncertainties in the analysis √  
Reporting checklist included on recommendation from the Second Panel on Cost-Effectiveness in Health and Medicine 
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Supplemental Table 6. Consolidated Health Economic Evaluation Reporting Standards (CHEERS) Checklist 
Item Item Recommendation Section 

Title and Abstract    

Title 1 Identify the study as an economic evaluation Title 

Abstract 2 Provide a structured summary of objectives, perspective, setting, methods, results, and 
conclusions Abstract 

Introduction    

Background and objectives 3 Provide an explicit statement of the broader context for the study Introduction 
Methods    

Target population and 
subgroups 4 Describe characteristics of the base case population and subgroups analyzed, 

including why they were chosen Introduction 

 
Setting and location 

 
5 

 
State relevant aspects of the system in which decisions need to be made 

Methods: 
Overview 

Study perspective 6 Describe the perspective of the study and relate this to the costs being evaluated Methods: 
Overview 

 
Comparators 

 
7 Describe the interventions or strategies being compared and state why they were chosen Methods: 

Overview 

 
Time horizon 

 
8 

 
State the time horizons over which costs and consequences are being evaluated 

Methods: 
Overview 

Discount rate 9 Report/explain the choice of discount rate used for costs and outcomes Methods: 
Overview 

Choice of health outcomes 10 Describe what outcomes were used as the measure of benefit in the evaluation and their 
relevance for the analysis 

Methods: 
Overview 

Measurement of 
effectiveness 

 
11 Describe fully the methods used for identification of included studies and synthesis of 

clinical effectiveness data 

Methods: 
Overview 

Measurement and valuation 
of preference based 
outcomes 

 
12 If applicable, describe the population and methods used to elicit preferences for 

outcomes 
Methods: 
Overview 

Estimating resources and 
costs 13 Describe approaches and data sources used to estimate resource use associated with model 

health states 
Supplement  

Currency, price date and 
conversion 14 Report the dates of the estimated resource quantities and unit costs Methods: 

Overview 

 
Choice of model 

 
15 

 
Describe and give reasons for the specific type of decision-analytical model used 

Methods: 
Model 

Description; 
Supplement  

 

Assumptions 

 

16 

 
Describe all structural or other assumptions underpinning the decision-analytical model 

Methods: 
Model 

Description; 
Supplement 

 
Analytical methods 

 
17 

 
Describe all analytical methods supporting the evaluation 

Methods: 
Model 

Description; 
Supplement 

Results    
 

Study parameters 
 

18 Report the values, ranges, references, and probability distributions for all 
parameters 

Table 1 
 

Incremental costs and 
outcomes 
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For each intervention, report mean values for the main categories of estimated costs and 
outcomes of interest, as well as mean differences between comparator groups 

 
Tables 2 

 
Characterizing uncertainty 

 
20 

 
Describe the effects on the results of uncertainty for all input parameters and 
uncertainty related to the structure of the model and assumptions 

Results: 
Sensitivity 
Analysis; 

Supplement  
 
Characterizing heterogeneity 

 
21  

If applicable, report differences in costs, outcomes, or cost-effectiveness that can be explained 
by variations between subgroups of patients 

Results: 
Sensitivity 
Analysis; 

Supplement 
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Discussion    

Findings, limitations, 
generalizability, and current 
knowledge 

 
22 

Summarize key findings and describe how they support the conclusions reached, and 
limitations to generalizability 

      Discussion 

Other    

 
Source of funding 

 
23 

 
Describe study funding and other non-monetary sources of support 

Methods: Role 
of the 

Funding 
Source 

 
Conflicts of interest 

 
24 

 
Describe any potential conflicts of interest 

Author 
Funding/Conflict 

     Statements 
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Supplemental Table 7. Selected cost and clinical outcomes for alternate scenario analysis under 
ideal harm reduction provision 

Strategy† Average per 
person cost $ 

Life Expectancy 
LY 

Hospitalizations 
averted/10,000‡ 

Fatal 
overdoses 
averted/ 
10,000 

Status quo 
$754,400 

($565,224-
$920,475)  

74·98 (72-76) -- -- 

MOUD with bridge 
$754,600 

($565,236-
$921,064) 

74·99 (72-76) 13 (6-14) 5 (3-8) 

ACS alone 
$755,000 

($566,430-
$922,144) 

75·01 (72-76) 19 (-1-27) 8 (2-16) 

MOUD + ACS 
$755,200 

($566,024-
$921,837) 

75·02 (72-76) 21 (0-32) 9 (3-18) 

*All values in this table are undiscounted 
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Supplemental Table 8. Results of cost effectiveness analysis for alternate scenario 

Strategy† Average Discounted 
Cost $ (95% 

Credible Interval) 

Incremental 
Average 

Discounted 
Cost $ 

Discounted 
Life Years 

(95% 
Credible 
Interval) 

Incremental 
Discounted Life 

Expectancy  

ICER* 
($/LY) 

Status quo $422,080 ($318,172-
$520,219) -- 19·27 (17·87-

19·83) -- -- 

MOUD with bridge $422,130 ($318,114-
$520,397) $50 19·28 (17·89-

19·84) 0·01 $10,100 

ACS alone $422,290 ($318,745-
$520,919) $160 19·29 (17·90-

19·84) 0·01 Dominated 

MOUD + ACS $422,320 ($318,451-
$520,760) $30 19·30 (17·90-

19·84) 0·01 $20,100 

*The overall incremental cost-effectiveness ratio was calculated as the difference in the average discounted costs for the total 
U.S. population divided the difference in the discounted quality adjusted life expectancy for the total U.S. population, all 
discounted at 3% per year. 

LY = life years; ICER = incremental cost effectiveness ratio 
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Supplemental Table 9. Clinical outcomes in the Base Case Scenario among a cohort of 5 million people over 100 years 
 

No inpatient 
interventions 

MOUD Only ACS Only MOUD and 
ACS 

total cases of fatal overdose 498753 480658 469679 466194 

total cases of non-fatal overdose 3325608 3209624 3139977 3116445 

total cases of skin and soft tissue infections 11223125 10828562 10609085 10540479 

total cases of infective endocarditis 2735765 2609685 2524124 2505210 

total cases of cured skin and soft tissue infections 10345476 10002299 9821089 9759469 

total cases of cured infective endocarditis 1658477 1598029 1577099 1567657 

total number of people who got hospitalized 3376877 3377335 3377827 3377694 

total cases of hospitalizations 12634310 12230228 12041049 11970934 

total cases of hospitalizations for overdose 323064 312525 305201 303019 

total cases of hospitalizations for skin and soft 
tissue infections 

10924451 10561679 10370417 10306318 

total cases of hospitalizations for infective 
endocarditis 

2137119 2059694 2032169 2020415 

IDU Mortality attributable to skin and soft tissue 
infections 

362206 342816 329422 327285 

IDU Mortality attributable to infective 
endocarditis 

1062853 997999 933851 924596 
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Supplemental Figure 1. Total discounted costs and life years for status quo, expanded MOUD, ACS, 
and combined treatment strategies from payer perspective 

 

 
 

Plotted from individual results of 990 model runs in probabilistic sensitivity analysis. Status quo: 
standard hospital care-detoxification for opioids, no addiction consult service (grey cross); MOUD with 
bridge: expanded inpatient MOUD prescribing (grey square); ACS alone: implementation of addiction 
consult services (black circle); Combined: combined MOUD with ACS strategy (grey triangle).  
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Supplemental Figure 2. Cost-effectiveness plane for MOUD only strategy vs. status quo from payer 
perspective 

 
 
 

 

Plotted from individual results of 1000 model runs in probabilistic sensitivity analysis. Status quo: standard 
hospital care-detoxification for opioids, no addiction consult service; MOUD with bridge: expanded inpatient 
MOUD prescribing. 
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Supplemental Figure 3. Cost-effectiveness plane for ACS only strategy vs. status quo from payer perspective 

 
 

 

Plotted from individual results of 1000 model runs in probabilistic sensitivity analysis. Status quo: standard 
hospital care-detoxification for opioids, no addiction consult service; ACS alone: implementation of addiction 
consult services.  
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Supplemental Figure 4. Cost-effectiveness plane for combined ACS and MOUD strategy vs. status quo from 
payer perspective   

 

 

Plotted from individual results of 1000 model runs in probabilistic sensitivity analysis. Status quo: standard 
hospital care-detoxification for opioids, no addiction consult service; combined MOUD with ACS strategy. 
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Supplemental Figure 5. Total discounted costs and life years for status quo, expanded MOUD, ACS, and 
combined treatment strategies from payer perspective for alternative scenario 

 

 

Plotted from individual results of 1000 model runs in probabilistic sensitivity analysis. Status quo: standard hospital 
care-detoxification for opioids, no addiction consult service (grey cross); MOUD with bridge: expanded inpatient 
MOUD prescribing (grey square); ACS alone: implementation of addiction consult services (black circle); 
Combined: combined MOUD with ACS strategy (grey triangle). 
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Supplemental Figure 6. Cost-effectiveness plane for MOUD only strategy vs. status quo from payer 
perspective for the alternate scenario analysis 

 
 

 

Plotted from individual results of 1000 model runs in probabilistic sensitivity analysis. Status quo: standard 
hospital care-detoxification for opioids, no addiction consult service; MOUD with bridge: expanded inpatient 
MOUD prescribing. 
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Supplemental Figure 7. Cost-effectiveness plane for ACS only strategy vs. status quo from payer perspective 
for the alternate scenario analysis 

 

 

 

Plotted from individual results of 1000 model runs in probabilistic sensitivity analysis. Status quo: standard hospital 
care-detoxification for opioids, no addiction consult service; ACS alone: implementation of addiction consult 
services. 
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Supplemental Figure 8. Cost-effectiveness plane for combined ACS and MOUD strategy vs. status quo from 
payer perspective for the alternate scenario analysis 

 

 
Plotted from individual results of 1000 model runs in probabilistic sensitivity analysis. Status quo: standard hospital 
care-detoxification for opioids, no addiction consult service; MOUD with bridge: expanded inpatient MOUD 
prescribing.  
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Supplemental Figure 9. Cost-effectiveness acceptability curves for modeled treatment strategies for the 
alternate scenario analysis 

 
Status quo: solid black line; MOUD with bridge: large dashed black line; ACS alone: dotted black line; Combined: 
small dashed black line 
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Supplemental Figure 10. Flow diagram of the hospitalization module with probabilities 
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