Technical Appendix
Model methods and parameters
Contents
A1: Introduction	1
A2: Characteristics of each hypothetical individual	1
A3: The simulation procedure	2
A4: Special treatments	5
A5: Model Calibration	7
A6: Sensitivity analysis	7
A7: Development and computational environment	7
References	8
Figures	10
Tables	12

A1: Introduction
Our Monte Carlo model simulates a cohort of hypothetical individuals with opioid use disorder (OUD). Each individual is generated with an age at initiation, gender, opioid use status, and incarceration status. He/she then goes through a virtual life in the model, varying his/her conditions over time, until he/she dies.
[bookmark: _Toc494267839]A2: Characteristics of each hypothetical individual
Age
All individuals in the model start with an age 20 or older.  
Gender
Male or female.
Opioid use status 
People with OUD (POUD) are divided into two groups: one with higher-relapse propensity (GROUP_HIGH_RELAP), the other with lower-relapse propensity (GROUP_LOW_RELAP). For GROUP_LOW_RELAP, people can transition between any of these 3 states: on treatment and not using opioids (+MOUD+remission), actively using opioids without treatment (-MOUD-remission), or not using opioids without treatment (-MOUD+remission). For GROUP_HIGH_RELAP, people can only transition between 2 states: using opioids without treatment (-MOUD-remission), and using opioids with treatment (+MOUD-remission). 
In addition, POUD are divided into two types: PWID or non-PWID. Each type has different overdose rate, and rate of getting naloxone kit in the community.
Incarceration status
POUD may or may not be incarcerated at initiation. Incarcerations may recur. POUD are divided into two groups: one with higher reincarceration rate (GROUP_HIGH_REINC) and the other with lower rate (GROUP_LOW_REINC). 
When POUD are incarcerated, the simulation assumes they are not actively using opioids. Rather, they are in forced remission, either with or without MOUD.
[bookmark: _Toc494267841]A3: The simulation procedure
Overview
In each iteration of the simulation one hypothetical individual is generated, with a starting age, sex, initial settings of opioid use status and incarceration status. As shown in figure A1, once the status of this person is initialized, he/she enters into a virtual life composed of many cycles. The cycle length is set to be a day. In each day this person goes through the following steps:
1. Increase the age by one day.
2. Update incarceration status: if incarcerated, is it time to be released? If not incarcerated, is this person incarcerated in this cycle?
3. Update opioid use condition: if newly incarcerated, this person will be assigned to either +MOUD+remission or -MOUD+remission and he/she will stay in that status while incarcerated. POUD in community can transition between different states.
4. Check if an overdose event happens when this person is actively using opioid (whether on treatment). This person may or may not die of overdose depending on whether naloxone is used, EMS is called, etc. If an overdose death happens, we terminate this iteration and move on to a new individual.
5. If this person does not die of overdose, check if he/she dies of any other reasons (baseline mortality). If this person dies, we terminate this iteration and move on to a new individual. 
6. If this person does not die of any cause in this cycle, move on to the next cycle (go back to step 1).
After a desired number of individuals have been simulated (for this study, we used 100,000), we can perform various statistical analyses of the cohort. Details of each step are described below.
Initialization of incarceration/opioid use status
When a new individual is generated, the first characteristic to define is age at initiation. In this study, we simulated a cohort with a specific age distribution. There are 5 age groups: 20-29, 30-39, 40-49, 50-59, and 60+, with the following proportions for each group: 0.118, 0.412, 0.262, 0.172, 0.036.(1) First the age group is randomly assigned, then a specific age is drawn using a uniform distribution for the age range of that age group.
The second characteristic is incarceration status. For the current study, 3% starts incarcerated and 33.5% (CTDOC) of them are randomly chosen to go to jail while the rest go to prison. Then based on the current MOUD coverage in jail/prison, 26.4% (CTDOC) of them are randomly assigned as +MOUD+remission while the rest are -MOUD+remission. For those starting in community, 20% are in state -MOUD+remission (expert opinion), 16.8% (expert opinion; DMHAS) on MOUD, and the rest are -MOUD-remission. Additionally, 13.9% (2) of those starting in community are randomly chosen to have previous incarceration history.
The third characteristic is whether this person is a PWID. Among those who are incarcerated at initialization and those who are in the community but with precious incarceration history, 30% (expert opinion) are randomly assigned to be a PWID. Among those in the community without any incarceration record, 5% (expert opinion) are randomly chosen to be a PWID.
Finally, this person is randomly assigned to GROUP_LOW_RELAP or GROUP_HIGH_RELAP depending on whether he/she is PWID. 20% of PWID and 60% of non-PWID belong to GROUP_LOW_RELAP (expert opinion).
Release and reincarceration
[bookmark: _Hlk120116454]If the person is incarcerated, the model checks the duration of the incarceration and if it is equal to the defined length of incarceration (Jail: 25 days, Prison: 949 days, from CTDOC), this person will be released. 
If the person is not incarcerated, the model checks if he/she will be reincarcerated. Annual rate of being reincarcerated depends on OUD status, age, whether this person belongs to GROUP_HIGH_REINC or GROUP_LOW_REINC (Table A1). This rate is converted to a daily probability and a random number is generated to decide whether this person will be reincarcerated.
Change of OUD status from community to incarceration
When POUD in community get incarcerated, they have to choose and stay in one of the two states: +MOUD+remission or -MOUD+remission. According to a person’s OUD status in the community, the probability of choosing MOUD varies. Based on the current CTDOC MOUD coverage, the probabilities are: for those -MOUD+remission in the community: 1%; for those -MOUD-remission in the community: 30%; for those +MOUD+/-remission: 43%.
Change of OUD status from incarceration to community
When incarcerated POUD are released, if they are of GROUP_LOW_RELAP, they will be probabilistically put into any of the three states: +MOUD+remission, -MOUD+remission, and -MOUD-remission. For those of GROUP_HIGH_RELAP, they will be probabilistically put into one of the two states: +MOUD-remission, and -MOUD-remission. All probabilities are listed in Table A2. Note that the probabilities vary by MOUD type if people are on MOUD while incarcerated.
Change of OUD status in community
POUD in community who are in GROUP_LOW_RELAP can transition between any of the three states: +MOUD+remission,       -MOUD+remission, and -MOUD-remission. POUD in the community who are in GROUP_HIGH_RELAP can only transition between two states: +MOUD-remission, and -MOUD-remission. All transitions are controlled by daily probabilities derived by annual rates, which are defined in Table A3. Note that within the first month post release, the rates of relapse from MOUD are 10 times higher than afterwards. For transitions from an on MOUD status, the rates vary by MOUD type.
Check overdose events and overdose deaths
The simulation assumes that overdose events are not possible when a person is incarcerated. POUD in community are at risk of overdose if they are -MOUD-remission, with overdose rates varying by whether an individual is PWID and whether he/she has prior overdose (Table A4). In addition, those of GROUP_HIGH_RELAP and +MOUD-remission can also overdose, but with a 38% (3)reduction in overdose rates compared to those who are -MOUD-remission.
If an overdose event happens, it might be witnessed, with a probability of 0.79.(4) For overdose events witnessed, if naloxone kit is available, there is a possibility that the kit is successfully used (probabilities vary by kit type and OUD type, Table A4). Also, if an overdose is witnessed, EMS might be called with a probability of 0.6.(5-7) The probability that an overdose is fatal depends on whether a naloxone kit is successfully used and whether EMS is called (Table A4).
Check mortality of all other causes
If a person does not die of overdose, the model checks if he/she dies of any other causes. Mortality rates are calculated using weighted average of rates from three race/ethnic groups based on their representation in the target population: White (59.2%), Black (10.5%), and Hispanic (30.3%).(1) We used 2017 mortality from the National Vital Statistics report.(8) We also added a non-overdose excess mortality among people with OUD: 0.00978 if -MOUD-remission and 0.00318 if taking MOUD or in remission.(9) 
[bookmark: _Toc494267842]A4: Special treatments
Aging out
POUD of GROUP_LOW_RELAP may “age out” of opioid use (expert opinion). Therefore, once people in this group turn age 50, their transition rates from -MOUD+remission to both +MOUD+remission and -MOUD-remission are set to 0. 
MOUD type
Four types of MOUD are simulated in the model: methadone (METH), buprenorphine (BUP), naltrexone (NAL) and injectable buprenorphine (INJBUP). When a person starts on MOUD, he/she will be randomly assigned to one type of MOUD depending on proportions for each type (Table A5).
When a person is of GROUP_HIGH_RELAP, being on MOUD is not in remission and therefore overdose can still happen. However, MOUD reduces the probability of an overdose event. In the model, each form of MOUD reduces overdose risk by 38%, with one exception: for the first 4 weeks after starting METH, rate of overdose is the same as those not on MOUD. The differential impact of MOUD on overdose is included in the model through the retention rates of each type of MOUD. 
Naloxone distribution
Naloxone distribution can happen at jail/prison release or in community. At jail/prison release, anyone who is on MOUD while incarcerated is given a naloxone kit. In community, PWID in Syringe Service Programs (SSP) have a higher probability of getting a naloxone kit (annual rate of 0.51) than PWID not in SSP and non_PWID (0.1), based on expert opinion. Each day, a POUD in community who does not own a kit will have a probability of getting a kit. Once a kit is given, it will stay with the owner until one of the following two things happen: 1) this person is incarcerated; 2) this person has an overdose event that is witnessed and therefore the kit is assumed to be used.
Two types of naloxone are available: intranasal (IN_NLX) and intramuscular (IM_NLX). At release from incarceration, only IN_NLX are given. In community, only IN_NLX are distributed in this study, but the simulation allows for the possibility that IM_NLX can be given to PWID.
Calculation of costs
Cost is accumulated each day according to the status of the patient. If a person is incarcerated, there are incarceration costs, productivity loss costs and cost of MOUD (if this person is on MOUD). If a person is in the community and -MOUD-remission, there are crime costs and productivity loss costs. If a person is in the community and on MOUD, cost of MOUD is counted.  
Each time before a person starts on BUP, a liver function test is required. Therefore, the cost of this test ($11 per test;(10) is counted.
Whenever a naloxone kit is distributed, the cost of the kit is counted. If an overdose event happens, EMS cost and ED admission cost may be incurred depending on whether EMS is called and/or this person is sent to ED. 
Costs for MOUD are listed in Table A6. The other costs are listed in the main manuscript Table 1.
Scaling up policy options
Maximizing MOUD-INC results in the probability of choosing MOUD when POUD get incarcerated being set at 100% regardless of their OUD status in the community.
Maximizing MOUD-COM results in 1) the transition rate from +MOUD+/-remission to -MOUD-remission being set to 0; 2) the transition rate from -MOUD+remission to -MOUD-remission also being set to 0; 3) the transition rate from +MOUD+remission to -MOUD+remission being doubled; 4) the transition rate from -MOUD+remission to +MOUD+remission being increased by 1.25 fold; 5) for those who are -MOUD+remission while incarcerated, the probability of going to -MOUD-remission after release being set to 0. These adjustments were empirically back-calculated to asymptotically put on treatment every POUD not in remission. 
Maximizing NLX-COM results in the rate of getting NLX for PWID in SSP increasing by multipliers of 200-fold, and for PWID not in SSP and non-PWID, increasing by multipliers of 1000-fold, adjustments empirically back-calculated to asymptotically give every POUD in the community a NLX kit.
[bookmark: _Toc494267843]A5: Model Calibration 
We collected historical data for number of overdose deaths, community MOUD coverage, community naloxone kit coverage for most of the years from 2012-2020. For each year, we adjusted the transition rate from -MOUD-remission to +MOUD+/-remission to reflect the community MOUD coverage of that year, and likewise the rate of getting a kit in community for community naloxone coverage. Then we tried to produce a number of overdose deaths in the first year that matches the number of ODD reported for that year by adjusting only one parameter: the probability of overdose for PWID, because the fentanyl mortality burden is disproportionately concentrated among PWID. Comparison of number of ODD between data and model is shown in Figure A2.
[bookmark: _Toc494267844]A6: Sensitivity analysis
We conducted both one-way and probabilistic sensitivity analysis. In one-way sensitivity analysis, we tested how variations in some key inputs affect the number of overdose deaths averted by maximizing MOUD-COM and NLX. For each variable, we ran two analyses (one at current level MOUD-COM and NLX, the other with maximized MOUD-COM and NLX) twice (the first time using a lower bound value, and the second time an upper bound value of the variable while holding all other variables unchanged).
In probabilistic sensitivity analysis, values were randomly drawn from a distribution around each of the inputs (those listed with ranges in the main manuscript Table 1) for 10,000 times. Distributions were beta distribution for proportions, probabilities, utilities, and utility decrements, lognormal for transition rates, and costs, and normal for rate ratios. For each set of randomly drawn inputs, 8 analyses were run to test all permutations of scaling up policy options. Cost-effectiveness frontiers were then calculated for all 10,000 sets of parameters in order to generate the cost-effectiveness acceptability curves (CEACs). 
[bookmark: _Toc494267845]A7: Development and computational environment
The model was developed using Microsoft Visual Studio Community 2022. Code was written in C/C++. Computations were conducted on Big Purple, the High-Performance Computing Facility at NYU Langone Medical Center. The calculation of frontiers and CEACs were conducted using MatLab.
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Figure A1: Algorithmic flow chart for a simulated person
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Figure A2: Calibration results: model produced ODD vs. reported ODD between 2012-2020. Reported ODD are from National Vital Statistics System provisional drug overdose death counts(11)
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Table A1: rate of reincarceration(12-14)
	
	active
	on MOUD
	abstinent

	
	GROUP_HIGH_REINC
	GROUP_LOW_REINC
	GROUP_HIGH_REINC
	GROUP_LOW_REINC
	GROUP_HIGH_REINC
	GROUP_LOW_REINC

	age<21
	4.084624
	0.953079
	3.500729
	0.816837
	3.294648
	0.768751

	21-24
	4.511481
	1.052679
	3.866567
	0.902199
	3.638950
	0.849088

	25-29
	3.801313
	0.886973
	3.257917
	0.760181
	3.066130
	0.715430

	30-34
	3.000000
	0.700000
	2.571151
	0.599935
	2.419793
	0.564618

	35-39
	2.562743
	0.597973
	2.196400
	0.512493
	2.067103
	0.482324

	40-44
	2.417462
	0.564074
	2.071887
	0.483440
	1.949919
	0.454981

	45-49
	1.768116
	0.412560
	1.515365
	0.353585
	1.426158
	0.332770

	50-54
	1.266849
	0.295598
	1.085754
	0.253343
	1.021838
	0.238429

	55-59
	0.872315
	0.203540
	0.747618
	0.174444
	0.703608
	0.164175

	60-64
	0.852009
	0.198802
	0.730215
	0.170383
	0.687229
	0.160353

	age>=65
	0.387218
	0.090351
	0.331865
	0.077435
	0.312329
	0.072877


 
Table A2: probabilities for transitions from incarceration to community (calculations derived from expert opinion and stakeholders in addition to cited sources)
	Status in incarceration
	Status in community
	MOUD type while incarcerated

	
	
	METH
	BUP
	NAL
	INJBUP

	For GROUP_LOW_RELAP

	On MOUD in remission
	Not on MOUD in remission
	0.166
	0.213(15)
	0.201(16)
	0.201(16)

	
	On MOUD in remission
	0.534
	0.403
	0.436
	0.436

	
	Not on MOUD not in remission
	0.300
	0.384(15)
	0.363(16)
	0.363(16)

	Not on MOUD in remission
	Not on MOUD in remission
	0.153
	0.153
	0.153
	0.153

	
	On MOUD in remission
	0.310
	0.310
	0.310
	0.310

	
	Not on MOUD not in remission
	0.537
	0.537
	0.537
	0.537

	For GROUP_HIGH_RELAP

	On MOUD in remission
	On MOUD not in remission
	0.534
	0.403
	0.436
	0.436

	
	Not on MOUD not in remission
	0.466
	0.597
	0.564
	0.564

	Not on MOUD in remission
	On MOUD not in remission
	0.310
	0.310
	0.310
	0.310

	
	Not on MOUD not in remission
	0.690
	0.690
	0.690
	0.690


Table A3: Calculated annual rates of transitions between different OUD statuses in community(3, 17-28) 
	Starting from on MOUD

	Beginning status
	Ending status
	Low risk
	High risk (within month post release)

	
	
	METH
	BUP
	NAL
	INJBUP
	METH
	BUP
	NAL
	INJBUP

	For GROUP_LOW_RELAP

	On MOUD in remission
	Not on MOUD not in remission
	0.127
	0.329
	0.323
	0.329
	1.27
	3.29
	3.23
	3.29

	On MOUD in remission
	Not on MOUD in remission
	0.315
	0.158
	0.160
	0.158
	0.007
	8.08E-06
	0.160
	0.158

	For GROUP_HIGH_RELAP

	On MOUD not in remission
	Not on MOUD not in remission
	0.127
	0.329
	0.323
	0.329
	1.27
	3.29
	3.23
	3.29

	Starting from not on MOUD

	Beginning status
	Ending status
	Low risk
	High risk (within month post release)

	For GROUP_LOW_RELAP

	Not on MOUD not in remission
	On MOUD in remission
	0.34
	0.34

	Not on MOUD not in remission
	Not on MOUD in remission
	1.07
	1.07

	Not on MOUD in remission
	Not on MOUD not in remission
	0.01
	0.1

	Not on MOUD in remission
	On MOUD in remission
	0.29
	0.06

	For GROUP_HIGH_RELAP

	Not on MOUD not in remission
	On MOUD not in remission
	0.34
	0.34
	



Table A4. Inputs related to overdose (5-7, 29, 30)
	OUD type
	Prior overdose
	Annual rate of overdose
	OUD type
	Naloxone kit type
	Probability kit successfully used
	Kit successfully used
	EMS called
	Probability overdose being fatal

	PWID
	N
	1.8
	PWID
	Intranasal
	0.697
	N
	N
	0.101

	PWID
	Y
	5.6
	PWID
	Intramuscular
	0.828
	Y
	N
	0.021

	Non-PWID
	N
	0.03
	Non-PWID
	Intranasal
	0.523
	N
	Y
	0.021

	Non-PWID
	Y
	0.11
	Non- PWID
	Intramuscular
	0.621
	Y
	Y
	0.001



Table A5. Proportion of MOUD distribution (CTDOC) 
	
	Incarceration
	Community

	MOUD type
	Male
	Female
	

	METH
	1
	0.7
	0.3

	BUP
	0
	0.3
	0.6

	NAL
	0
	0
	0.05

	INJBUP
	0
	0
	0.05



Table A6. Cost of MOUD; incarceration costs derived from conversations with CT DOC; community methadone from expert opinion
	
	Incarceration
	Community

	MOUD type
	Drug cost
	Administration cost
	

	METH
	$493
	$7128
	$5173

	BUP
	$862
	$7176
	$2094(31)

	NAL
	$18472
	$9466
	$6364(31)

	INJBUP
	$34011
	$0
	$19457(32)
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