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Abstract

Background: Opioid overdose continues to be a major cause of death in the United States. One 

effort to control opioid use has been to implement policies that enhance criminalization of opioid 

possession. Laws to further criminalize possession of fentanyl have been enacted or are under 

consideration across the country, including at the national level.

Objective: Estimate the long-term effects on opioid death and incarceration resulting from 

increasingly strict fentanyl possession laws.

Design: We built a Markov simulation model to explore the potential outcomes of a 2022 

Colorado law which made possession of >1 gram of drug with any amount of fentanyl a Level 

4 drug felony (and escalation of the previous law, where >4 grams of any drug with any amount 

of fentanyl in possession was considered a felony). The model simulates a cohort of people 

with fentanyl possession moving through the criminal justice system, exploring the probability 

of overdose and incarceration under different scenarios, including various fentanyl possession 

policies and potential interventions.
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Setting: Colorado

Participants: A simulated cohort of people in possession of fentanyl.

Measurements: Number of opioid overdose deaths, people incarcerated, and associated costs 

over 5 years.

Results: When >4 grams of a drug containing any amount of fentanyl is considered a 

felony in Colorado, the model predicts 5,460 overdose deaths (95% CrI 410–9,260) and 2,740 

incarcerations for fentanyl possession (95% CrI: 230–10,500) over 5 years. When the policy 

changes so that >1 gram possession of drug with fentanyl is considered a felony, opioid overdose 

deaths increase by 19% (95% CRI: 16%–38%) and incarcerations for possession increase by 98% 

(CrI: 85%–98%). Diversion programs and MOUD in prison help alleviate some of the increases in 

death and incarceration, but do not completely offset them.

Limitations: The mathematical model is meant to offer broad assessment of the impact of these 

policies, not forecast specific and exact numerical outcomes.

Conclusions: Our model shows that lowering thresholds for felony possession of fentanyl 

containing drugs can lead to more opioid overdose deaths and incarceration.
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Introduction

Overdose deaths in the US have been steadily rising over the past several decades, with 

synthetic opioids including illicitly-manufactured fentanyl overtaking prescription opioids 

and heroin as the leading cause of opioid mortality (1). In 2021 in the US, fentanyl 

overdoses alone accounted for over 70,000 deaths (2). This a major concern for public health 

officials, other policy makers, and local and national leaders. There have been various efforts 

to curb this epidemic, including expanding access to treatment with medications for opioid 

use disorder (MOUD) (3–5), expanded distribution and availability of naloxone (6–8), and 

policies for more careful opioid prescribing (9, 10). While some of these interventions have 

proven effective, rates of overdoses continue to rise.

In addition to the interventions described above, some legislative bodies have passed laws 

aimed at enhancing penalties for opioid use and possession, though historically these 

criminalization efforts have not been shown to prevent or deter drug use (11–13). Multiple 

states have implemented severe penalties for fentanyl manufacturing and distribution (14), 

bringing fentanyl across state lines (15), or providing fentanyl to someone who then 

experiences a fatal overdose (16). In 2023, the US House of Representatives passed HR 

467, add all fentanyl substances as a schedule 1 drug of the Controlled Substances Act, 

which can allow for harsher penalties in the criminal justice system (17). As of 2021, 

18 states had classified possession of less than 4 grams of certain controlled substances, 

including fentanyl, as a felony (18). In 2022, Colorado became the 19th state to do this 

with the passage of House Bill 22–1326 (HB22–1326) (19). This bill made possession 

of greater than 1 gram of any drug containing any amount of fentanyl a Level 4 felony, 
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which is punishable by a 6-month to 1-year prison sentence and/or fines of up to $100,000 

(20). Punitive approaches to drugs have not decreased drug use (11–13), but they have led 

to racial profiling in drug arrests targeting the Black community, with concomitant large 

increases in the US prison population and spending on incarceration (21–23). Incarceration 

can lead to higher overdose risk upon release, with rates of overdose up to 40 times higher 

than in the general population within the first few weeks of release from prison (24).

In the setting where more people are being incarcerated for drug related offenses, MOUD 

can reduce the risk of death. MOUD during carceral stays has been shown to reduce the risk 

of overdose following release (25). Unfortunately, MOUD provision in the US is low with 

less than 10% of all correctional facilities offering MOUD. In Colorado, Denver County 

has had access to MOUD in correctional settings since 2018, but less than 10% of those 

with reported OUD in correctional settings have access to buprenorphine induction (26). 

While HB22–1326 provides $3 million in funding for Colorado jails to create policies on 

how they would provide MOUD to incarcerated people during their jail stays, the bill does 

not require MOUD in prison settings and for jails it is an unfunded mandate for providing 

medications (19). Additionally, several alternative to incarceration programs exist that have 

shown positive outcomes. These diversion programs attempt to keep people out of jail 

while holding them accountable for their crimes and, when appropriate, having them make 

restitution to their victims. Diversion programs more often work with misdemeanors and 

crimes with victims, but Colorado programs do accept those with drug felonies as well (27). 

In 2021, diversion programs kept 1,200 Coloradoans out of jail (27). HB22–1326 did not 

formally expand adult diversion programs. The sole focus on punishment may, therefore, 

have important short- and long-term implications for deaths, incarceration numbers, and the 

state budget.

Mathematical modeling is a useful tool that can simulate policies and estimate their effects, 

guiding decision-makers in real-time (28, 29). In particular, policy models, meant to 

address current policy issues with limited data availability while balancing precision and 

tractability, are useful in answering broad policy-related questions without attempting to 

perfectly represent a phenomenon (30). Herein, we developed a policy model to estimate 

the potential impact of the recent Colorado law enhancing penalties for fentanyl possession 

on population-level health and economic outcomes. In particular, we assess mortality and 

incarceration rates, compared to the previously existing threshold in the law, and include 

access to MOUD and diversion programs as additional interventions in our model.

Methods

Model Structure

We developed a closed cohort compartmental Markov model to examine the effect of 

changing criminal penalties for fentanyl possession. In this analysis, we used the model 

to estimate the impact of a new law reducing the threshold for felony status for fentanyl 

possession at the Colorado state level.

The model simulates a population of people with illicit opioid use who possess fentanyl. 

In the model, the population is divided into three groups: those who possess greater than 
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4 grams of drugs containing any amount of fentanyl, those who possess between 1 and 4 

grams of drugs containing any amount of fentanyl, and those who possess less than one 

gram of drugs containing any amount fentanyl. We chose these cutoffs to specifically model 

the effects of Colorado law HB22–1326 (19).

Individuals in the population begin the simulation as alive and never incarcerated. The 

population progresses in monthly time steps and each month a proportion of the population 

dies of opioid overdoses, initiates treatment with medications for opioid use disorder 

(MOUD) modeled as buprenorphine, or is arrested for drug possession, which is followed 

by either incarceration or a diversion program (31, 32). In our analyses, we use data from 

the Colorado diversion programs on program completion and reduction in incarceration 

in the year following diversion (27). We assume that those in the diversion program and 

post-diversion to have the same risk of overdose as those not in the diversion program since 

MOUD is not uniformly part of diversion programs and data on reduction in overdoses in 

diversion programs is not available. Those who die from overdose are removed from the 

simulation and not replaced. We assume that the population who initiate MOUD are not at 

risk for fatal overdose or arrest for drug possession for the duration of the time they remain 

on MOUD. They do, however, have a probability of stopping MOUD and transitioning back 

into opioid use and possession.

The population of those arrested for fentanyl possession can take several potential paths 

in the model, reflecting variation in law enforcement practice among jurisdictions. First, 

depending on which version of laws described above is being simulated, some people do 

not possess a sufficient among of fentanyl-containing drug to constitute a felony. These 

individuals move back to the active drug use state. Second, those who do possess enough 

drug to constitute a felony are assigned a probability of avoiding incarceration and entering 

a diversion program as well as a probability of being incarcerated. Those who enter a 

diversion program have a lower risk of incarceration while in the program than they would 

existing in an active drug use state alone. Those who complete the requirements of diversion 

enter a post-diversion period during which arrest is also less likely than in the active drug 

use state.

Those who are incarcerated due to possession remain in the incarcerated state for a 

duration consistent with the data on sentencing in Colorado for these offenses. During 

incarceration, we conservatively assume that there is no risk of fatal overdose even though 

data suggest that overdoses in these settings do occur (33). Upon release from incarceration, 

this population experiences an elevated risk for overdose death in the first month and the 

first-year post-release and a permanently elevated risk of re-incarceration (24, 34).

We model MOUD such that it can be initiated in the community and/or during 

incarceration. We vary the proportion of the incarcerated population who begin MOUD 

during incarceration and the probability of linkage to outpatient MOUD following release. 

Linkage to MOUD post-release from incarceration lowers the risk of overdose mortality for 

those on treatment. Once released, those on MOUD can discontinue MOUD or be retained 

in substance use care.
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Each state (incarceration, MOUD, diversion, and overdose) has costs associated with their 

occupancy.

Model parameterization

Table 1 includes a complete list of all parameter estimates. We parameterized a cohort 

of people with illicit opioid use in Colorado using a combination of estimates from the 

National Survey on Drug Use and Health (35) and Krawczyk et al (2022), which applied a 

multiplier based on reported drug poisoning and opioid deaths to account for underreporting. 

For the base case, we estimated that approximately 50% of the drug supply in Colorado 

contained fentanyl and, therefore, that approximately 50% of people with illicit opioid 

use possess fentanyl. This estimate was derived from data from the Denver Department 

of Public Health and Environment, which found that 50% of all fatal opioid overdoses in 

Colorado contained fentanyl (36). However, this estimate may change as the magnitude of 

fentanyl presence in the drug supply evolves. While our estimates here are an imperfect 

proxy for fentanyl possession, the online tool described later in the methods allows for users 

and decision-makers to explore different estimates of fentanyl presence in the context of 

possession to account for this uncertainty. Opioid mortality rates were calculated based on 

number of people with illicit opioid use and the number of fatal overdoses, as reported by 

the US Centers for Disease Control and Prevention (CDC) (2, 37). We assumed overdose 

mortality risk did not differ by amount of drug in possession. Other estimates on drug 

possession were obtained from published literature, which used criminal justice and arrest 

data to estimate amount of drug in possession, finding that over 60% of all those arrested 

for illicit drug possession (excluding marijuana) had less than 1 gram of drug on them, 

approximately half of the remaining population had less than 5 grams(38).

MOUD treatment initiation was based on Colorado-specific MOUD rates from literature, 

assuming approximately 8% of those at risk were on MOUD (39). MOUD retention 

estimates were obtained from national sources in published literature assuming that these 

estimates would not differ by jurisdiction (40, 41). Estimates for criminal justice parameters 

including sentence duration and diversion program effectiveness and costs were obtained 

by a combination of Colorado-specific and national data (27, 34, 42, 43). We assumed that 

those in diversion programs had the same rate of MOUD initiation and fatal overdose as the 

general never-incarcerated population. Incarceration costs were calculated using estimates 

for average inmate costs by state (44). Opioid overdose mortality costs were estimated 

representing healthcare costs only and derived from the existing literature (45).

We calibrated the model to the number of fatal opioid overdoses in Colorado in 2021, as 

well as to the number of arrests for synthetic narcotics in Colorado in the same timeframe. 

The CDC reports 1,887 fatal opioid overdoses in 2021 (2, 37), and the National Center 

for Vital Statistics reports that nearly 1,000 of those were from synthetic opioids (46). Our 

model estimates approximately 970 fatal opioid overdoses over a 1-year period with the 

policy that was in place in Colorado in 2021. In addition, Colorado reports 784 arrests for 

possession of synthetic narcotics in 2021, though the number of arrests is trending up (47). 

Our model estimates 780 total arrests during a 1-year time period with the policy in place in 

2021 in Colorado. It is important to note that our model cannot account for trends, as both 
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arrests and overdoses from fentanyl in Colorado seem to be increasing, and estimates for 

fatal overdoses for 2022 are higher than for 2021. To account for uncertainty in arrests and 

overdoses from fentanyl in Colorado, we report credible intervals for all estimates.

Model Analyses

We modeled the following policy scenarios:

A. Policy Scenario A (Base Case): the fentanyl felony possession law in place prior 

to HB22–1326, where >4 grams of any drug with any amount fentanyl was 

considered a felony.

B. Policy Scenario B: modeling HB22–1326, where >1 grams of any drug with any 

amount fentanyl is considered a felony.

C. Policy Scenario C: a hypothetical scenario where any amount of drug with any 

amount fentanyl is considered a felony.

In addition, we also modeled 4 differrent intervention scenarios:

1. No additional interventions: no diversion program or MOUD in prison.

2. Diversion program: where 10% of all those arrested avoid incarceration and 

instead enter a diversion program. 10% is an estimate of the potential capacity 

for scale-up of diversion programs within this population.

3. MOUD in prisons: where 100% of those incarcerated are offered MOUD, nearly 

half (48%) link to continued care upon release (48–50).

4. MOUD in prisons and diversion program: combining the above scenarios, with 

10% of all arrested entering a diversion program, and 100% of those incarcerated 

having access to MOUD in prison with 48% linking to continued care upon 

release (48–50).

The base case of the model considered Policy Scenario A with no additional interventions, 

and we compared outcomes between the base case and other policy and intervention 

scenarios.

We used the model to generate expected outcomes at 1-, 5-, and 10-year time horizons. 

Outcomes of interest included opioid overdose mortality, total incarcerations, and costs 

associated with deaths, incarcerations, and MOUD and diversion programs. Costs were 

estimated from a limited state perspective (with regard to incarceration costs) as well as a 

limited healthcare perspective (with regard to deaths and MOUD).

Sensitivity analysis

Due to the uncertainty of several parameter values, we performed a probabilistic sensitivity 

analysis (PSA) on key parameters of interest for the base case (with no diversion program 

or MOUD in prisons) including: population who use opioids in Colorado, population on 

MOUD in Colorado, proportion of fentanyl in the drug supply, average duration of MOUD 

treatment, likelihood of arrest for fentanyl possession, and increased likelihood of arrest and 

death given history of incarceration. The PSA consisted of 1,000 model runs. We generated 
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a 95% credible interval (CrI) using PSAs. All parameter ranges included in the PSA can 

be found in Table 1. We also performed one-way sensitivity analyses on key parameters 

of interest for Policy Scenario A, to explore which parameters had the most effect on the 

outcomes of the model.

We also explored a series of multi-way deterministic sensitivity analyses evaluating key 

parameters through a range of values. In particular, we analyzed the thresholds of MOUD 

linkage post-incarceration, duration of MOUD post-incarceration, and risk of overdose 

mortality post-incarceration to find the values at which Policy Scenario B (HB 22–1326) 

might lead to fewer deaths than the base case. We ranged MOUD linkage post-incarceration 

from 0–100%, duration of MOUD post-incarceration from 1–26 months, and multiplier 

on risk of overdose mortality post-incarceration from 1 to 40 in the first month post-

incarceration and 1 to 10 in the first year post-incarceration.

Our base case analyses assumed that at the start of simulation, all people started in the 

“never incarcerated” state and moved from there. In reality, some people in the population 

have a history of incarceration. To account for this, we conducted a sensitivity analysis 

where we assigned 10% of the population to incarcerated or previously incarcerated states 

(2% current incarcerated, 1% incarcerated in the past month, 2% incarcerated in the last 

year, and 5% incarcerated more than a year prior).

We performed an additional sensitivity analysis exploring what percentage of those in 

possession of fentanyl would have to discontinue opioid use in order to make Policy 

Scenario B preferrable to Policy Scenario A. We did this by varying the proportion of 

the “at-risk” population (all those with >1g of fentanyl in their possession) who might 

discontinue fentanyl use due to the new policy implementation.

Online tool

In addition to the analysis of the impact of Colorado state law, we developed an online 

companion tool which can be used by stakeholders and policymakers in other jurisdictions 

to analyze possible outcomes of fentanyl possession policies and with different parameter 

estimates in their own states. The tool allows users to select their state of interest (which 

determines the number of people with opioid use disorder as well as the cost of a month 

of incarceration and the prevalence of community MOUD treatment), penalty threshold 

(>4g, >1g, any amount), length of the simulation, proportion of drug supply that contains 

fentanyl, proportion of incarcerated individuals who initiate MOUD and link to care post-

incarceration, the proportion of those who can enter a diversion program, and measures of 

policing and cost per death.

Funding Declaration

Funders had no role in design, conduct, or reporting of the work.

Results

In the 5-year base case (Policy Scenario A, >4 grams of any drug with any amount fentanyl 

was considered a felony) analysis, the model estimated 5,460 overdose deaths (95% CrI 

Savinkina et al. Page 7

Int J Drug Policy. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



410–9,260) and 2,740 incarcerations for felony possession (95% CrI: 230–10,500) (Figure 

2, Table 2). Considering Policy Scenario B (>1 gram of any drug with any amount fentanyl 

was considered a felony) with no interventions, the model estimated 6,490 overdose deaths 

(95% CrI: 710–12,240), a 19% increase from the base case (95% CrI: 16%–38%), and 

5,430 incarcerations for felony possession (95% CrI: 520–19,720), a 98% increase from 

the base case (95% CrI: 85%–98%). This means that almost one fifth of the deaths and 

half of incarcerations in Policy Scenario B could be attributed to changes represented by 

the new Colorado law. With Policy Scenario C (any amount of any drug with any amount 

fentanyl was considered a felony), the model estimated 9,990 overdose deaths (95% CrI: 

950–21,360), an 83% increase from the base case (95% CrI: 67%–153%), and 13,560 

incarcerations for felony possession (95% CrI: 1,000–43,620), a 395% increase from the 

base case (95% CrI: 276%–392%).

In our scenario in which MOUD were offered to 100% of those incarcerated and 48% 

of those people linked to care, we found decreases in overdose deaths and incarcerations 

compared to the no intervention scenarios. The extent to which these outcomes changed 

were dependent on the policy scenario evaluated. In Policy Scenario B, overdose deaths 

decreased by nearly 200 (3% reduction) and in Policy Scenario C overdose deaths decreased 

by 500 (5% reduction) over 5 years (Figure 3, Table 2). Incarcerations decreased by 4–5% 

(Figure 3, Table 2).

In our scenario in which a diversion program was offered to 10% of those arrested, 

overdose deaths decreased by approximately 150–500 (3–5% reduction) and incarcerations 

for fentanyl possession decreased by 400–1,300 (7–9% reduction) as compared to scenarios 

with no additional interventions (Figure 3, Table 2).

In our scenario where both MOUD and a diversion program were offered in prison, overdose 

deaths decreased by 170–940 (3–9%) and incarcerations for fentanyl possession decreased 

by 350–1,740 (13–14%), as compared to the scenario with no additional intervention (Figure 

3, Table 2).

In each modeled scenario, there remained fewer overdose deaths and incarcerations with 

Policy Scenario A, regardless of additional interventions implemented (e.g., diversion, 

MOUD in jail). The base case was preferred over any other option where Policy Scenario B 

or Policy Scenario C were considered.

Finally, five-year costs for incarcerations and community MOUD were $164 million under 

the base case and increased to $249 million with Policy Scenario B and $565 million with 

Policy Scenario C (Figure 4, Table 2), assuming no additional intervention.

When considering results from the PSA, wide credible intervals were obtained due to 

uncertainty of key parameters, including size of population with fentanyl possession. 

However, in every iteration of the PSA, Policy Scenario A predicted fewer deaths and fewer 

incarcerations than either Policy Scenario B or Policy Scenario C.

In one-way sensitivity analyses, the parameters with the most effect on both number of 

deaths and incarcerations were the size of the population in possession of fentanyl, fatal 
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overdose rate, and proportion of the population with >4 grams of fentanyl in possession (for 

incarcerations only) (Supplemental Figure 1).

In a three-way deterministic sensitivity analysis evaluating percent of people linking to 

MOUD post-incarceration, duration on MOUD post-incarceration, and risk of overdose 

post-incarceration, our model found that more deaths were expected in Policy Scenario B 

unless at least 90% of people linked to MOUD post-incarceration with an average MOUD 

duration of 26 months, or 100% of people linked to MOUD post-incarceration with an 

average MOUD duration of 22 months. When risk of death post-incarceration was reduced 

to equal that without incarceration, Policy Scenario B shows fewer deaths than Policy 

Scenario A with no MOUD linkage from prison (likely due to prison acting as a protective 

factor since mortality is lower in the model during incarceration). Assuming risk of death 

multipliers for opioid overdose mortality post-incarceration of >1, 100% of people needed 

to link to MOUD post-incarceration with 16 months duration on MOUD, or over 70% of 

people needed to link to MOUD post-incarceration with 26 months duration on MOUD 

before Policy Scenario B showed fewer deaths than Policy Scenario A with no interventions 

(the base case).

When we assumed a 10% prevalence of current or previous incarceration in the model, 

5-year mortality estimates for Policy Scenario A and Policy Scenario B increased by 

approximately 25% and incarceration estimates increased by approximately 80% to nearly 

200%. Changes in fatal overdoses between Policy Scenario A and Policy Scenario B with 

increasingly strict fentanyl possession policies remained consistent with those in the base 

case analysis. However, incarcerations increased less dramatically (almost 100% in the base 

case, near 30% in the analysis considering previous incarceration). Though the magnitude 

of the increases were less extreme, conclusions of the analysis remained consistent with the 

initial analysis.

In the one-way sensitivity analysis examining the potential for stricter policies to lead to 

discontinuation of fentanyl use, we found that more than 50% of those possessing >1 gram 

of fentanyl would need to discontinue fentanyl use in order for deaths to not increase 

with implementation of Policy Scenario B. It is important to note that this meant full 

discontinuation of opioid use, as we do not capture non-fentanyl overdoses in the model.

Results were consistent at 1- and 10- year time periods (Supplemental Tables 1–2).

Discussion

In our analysis, we estimated the long-term implications of increasingly punitive drug 

possession policies for fentanyl possession in Colorado. Our analyses showed that more 

enhanced policies could lead to increased deaths from opioid overdose, increases in 

the number of people incarcerated, and substantially increased costs due to both. Even 

when allowing for wide uncertainty intervals for key parameter estimates in probabilistic 

sensitivity analyses, our model predicted increased deaths and incarceration over the base 

case 100% of the time. Interventions such as diversion programs and MOUD in jails 

and post-incarceration alleviate some of the impact of increased rates of incarceration, 
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but even with these programs in place, our model showed net increases in both overdose 

deaths and incarceration for possession. Our two-way deterministic sensitivity analysis 

showed that over 90% of people would need to be linked directly to MOUD care services 

post-incarceration and would need to stay in care for almost around 2 years before Policy 

Scenario B led to fewer deaths than the base case. As the average duration of MOUD 

retention in the US is 6 months (40, 41) and linkage to MOUD post-incarceration has 

been estimated at around 48% (48–50), these are unrealistic assumptions and strengthen the 

credibility the of our primary conclusion in this paper.

In addition to increased deaths and incarceration, costs (combined for MOUD, incarceration, 

and diversion) were substantially higher as drug possession policies grew more punitive in 

our model. Shifting from the 4g policy to the 1g policy led to total cost increases from $100 

million to $150 million over 5 years in Colorado. Moving from 1g policy to any amount 

policy increased spending by approximately another half a billion dollars over a 5-year 

period in this one state. Spending on the carceral system in the US is already higher than 

any other country, and a recent study shows that in most US cities spending on the carceral 

system overtakes spending on all health and services systems combined (51).

Finally, even when we accounted for MOUD during incarceration and diversion programs, 

mortality due to the enhanced penalties for fentanyl possession remained above 1,000 deaths 

over 5 years in the state. While these programs are valuable and should be standard of 

care, our models demonstrate that they are not a replacement for providing greater coverage 

of MOUD and strengthening linkage to care in the community in terms of deaths and 

incarcerations averted and costs saved.

We acknowledge that the stated goal of increased criminalization of drug possession is to 

ultimately reduce use and therefore associated risks, including overdose and incarceration. 

However, previous iterations of such policies, especially during the “War on Drugs” era, 

showed that this is rarely if ever the case, and data continues to support this. Unlike drug 

treatment and harm reduction efforts, (4, 39, 52) criminalization has not been proven to 

reduce drug use or its sequelae (11–13, 43). Given that the two parameters with the most 

effect on both death and incarceration in our model were the size of the population in 

possession of fentanyl and the fatal overdose rate, legislative efforts may be more effective 

if they focus on prevention of drug use and prevention of overdose. Addressing upstreams 

factors such as untreated mental illness, particularly in school aged children, and increasing 

naloxone and MOUD availability are likely to have the most positive impact on decrease 

fentanyl-related overdoses—not criminalization.

There are limitations to our study. The model is a simplified version of the impact of 

different penalties on possession of fentanyl-containing drugs under a number of various 

scenarios. For this reason, the results from the model should be seen as a broad assessment 

of effects these policy changes and not a precise numerical prediction of deaths and 

dollars associated with them. However, in our PSA and threshold analyses, under broad 

assumptions about parameter values, all analyses showed a benefit for Policy Scenario A 

(least criminalization of fentanyl possession) and a stark increase in deaths and costs with 

new, enhanced policies for possession, like those initiated in Colorado. We have provided 
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a simple policy model looking at the effects of fentanyl felonization, but do not capture 

all the scenarios that may occur in this setting; for instance, we do not consider secondary 

effects the policy might have on likelihood of people to call emergency medical services 

for overdoses as penalties for drug possession rise. In addition, the model cannot account 

for additional policy changes or innovations that may take place within the length of time 

of our simulation. Due to this, we choose to focus on 5-year results rather than 10-year 

estimates, to minimize the changes that might occur over longer lengths of time. Much of 

the data surrounding illicit opioid use is uncertain, including the size of the population in 

possession of fentanyl or other opioids at any given time. Because of this, our parameters in 

this model incorporate broad ranges for each and include the online tool which can be used 

by decision-makers and stakeholders to evaluate policy implications under different data 

assumptions and scenarios. In addition, due to the uncertainty in parameters as well as future 

trends in opioid mortality and policy, we have chosen to include credible intervals, together 

with additional sensitivity analyses to assess the outcomes under each policy. Our model 

only considers those who possess fentanyl and also use fentanyl, and does not model those 

who only sell the drug and have no risk of overdose. It is possible that a response to stricter 

drug possession penalties based on amount of drug in possession might simply lead to 

people choosing to carry less fentanyl to avoid arrest while not changing their consumption, 

therefore, effectively, leading to no change in deaths or incarcerations. This seems unlikely 

given historical trends in alcohol and other drug use (e.g., crack, cocaine) following more 

prohibitive laws (22, 38, 53). We do not model mortality due to causes other than fatal 

opioid overdose in our model, though it is expected that a small proportion of the population 

will die of causes other than overdose. In addition, we assume that those on MOUD do 

not fatally overdose, though in reality people on MOUD can use opioids and overdose 

even while on treatment. This is a simplification made for the model which purposefully 

overestimates the effect of MOUD, strengthening our findings that even offering treatment 

to those incarcerated does not outweigh the risks that come with the incarceration. Lastly, 

we do not consider heterogeneity of fentanyl penetration or opioid use around the state, 

though likely differences exist between different counties as well as urban and rural areas.

In conclusion, our analysis suggests that increased criminalization of possession of fentanyl 

containing drugs may lead to increased deaths and incarceration, even with interventions to 

mitigate the impact of these measures in place. In addressing the opioid epidemic in the US, 

it is critical that policy makers understand the implications of potential new initiatives and 

legislation, and we hope we have demonstrated here the harmful effects of implementing 

new measures without investigating their human and economic costs.
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Figure 1. 
Model diagram.
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Figure 2. Model results for overdose deaths and incarceration for fentanyl possession in 
Colorado over 5 years, by Policy Scenario.
Assuming an estimated population with opioid use disorder of 139,000, annual community-

level MOUD uptake of 8% with an average 6-month duration, and a 13% annual arrest rate 

for drug possession.
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Figure 3. Model results for overdose deaths and incarceration for fentanyl possession in 
Colorado over 5 years, assuming different levels of MOUD availability in prisons and diversion 
programs in the community.
Assuming an estimated population with opioid use disorder of 139,000, annual community-

level MOUD uptake of 8% with an average 6-month duration, and a 13% annual arrest rate 

for drug possession.
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Figure 4. Model results for total costs from incarcerations for fentanyl possession, MOUD, and 
diversion program in Colorado over 5 years, assuming different levels of MOUD availability in 
prisons and diversion programs in the community.
Assuming an estimated population with opioid use disorder of 139,000, annual community-

level MOUD uptake of 8% with an average 6-month duration, and a 13% annual arrest 

rate for drug possession. Incarceration costs in white, MOUD costs in dark grey, diversion 

program costs in light grey.
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Table 1.

Model parameter values and ranges.

Parameter Estimate Range 
Evaluated

Source

Population and drug possession

Adult population with opioid use disorder 139,867 37,000–
166,130

NSDUH 2021 (35)
Krawczyk et al. 2022(39)

Percent of drug supply with fentanyl 50% DDPHE, 2022 (36) based on drug fatality data 
from 2021

Amount of drug in possession Kennedy et al. 2018(38)

>4 grams 17%

1–4 grams 18%

<1 gram 65%

MOUD treatment

Number on MOUD, annually 9,105 4,553–13,700 Krawczyk 2022(39)

Average duration of MOUD 6 months 3 months- 9 
months

Morgan et al. 2018 (40)
Morgan et al. 2021 (41)

Probability of MOUD while incarcerated 1 0–1

Probability of linking to MOUD post-incarceration, if 
on MOUD in prison

0.48 0.25–0.75 Gordon et al. 2017 (49)
Magura et al. 2009 (50)
Gordon et al. 2014 (48)

Criminal justice

Annual arrest probability with drug possession

Standard 0.13 PEW Charitable Trusts (43)

Calibrated to Colorado 0.07 Calibrated to Colorado drug arrest rate, 2021 (47)

Low policing 0.05 Estimated

High policing 0.25 Estimated

Multiplier on likelihood of subsequent arrest given prior 
arrest

2.43x 1.22–3.65 Langan et al. (2002) (42)
Belenko et al. (2013)(34)

Diversion

Probability of diversion if felony possession 0.1 Colorado Judicial Department 2021 (27), 
Simulated estimate

Duration of diversion 12 months Colorado Judicial Department 2021 (27)

Probability of completing diversion program 0.89 Colorado Judicial Department 2021 (27)

Probability of arrest within one year of diversion 
program completion

0.07 Colorado Judicial Department 2021 (27)

Mortality

Annual overdose probability 0.0142 0.0090–0.0405 CDC NCHS 2021 (2, 37)
Krawczyk 2022(39)
National Center for Vital Statistics (54)

Overdose multiplier within first month of release from 
incarceration

40x 30x-51x Ranapurwala et al. 2018(24)

Overdose multiplier within first year of release from 
incarceration

10x 9.5x-11.7x Ranapurwala et al. 2018(24)

Costs

Cost of incarceration, 6 months $19,700 Vera, 2015 (44)

Cost of diversion program, annual per-person $500 Colorado Judicial Department 2021 (27)

Cost of overdose death
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Parameter Estimate Range 
Evaluated

Source

Healthcare costs only $5,500 Florence et al. 2021(45)

Lost productivity costs only $1.4 million Florence et al. 2021(45)

Value of a statistical life $10 million Florence et al. 2021(45)

Cost of MOUD, annual per-person $5,980 NIDA, 2022 (1)
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Table 2.

5-year model results with varying felony possession of fentanyl policies and interventions implemented.

Total opioid overdose 
deaths

Total incarcerations Total cost of 
incarcerations, 
millions

Total costs of 
death 
(healthcare 
costs only), 
millions

Total Cost

No intervention Deaths Percent 
Change

Incarcerations Percent 
Change

Base Case (Policy 
Scenario A)

5,460 
(410–
9,260)

2,740 (230–
10,500)

$74.11 ($7.39-
$280.28)

$29.80 ($2.25-
$50.60)

$163.90 
($14.06-
$471.78)

Policy Scenario B 6,490 
(710–
12,240)

19% (16–
38%

5,430 (520–
19,720)

98% 
(85–
98%)

$154.30 ($18.42-
$576.62)

$35.43 ($3.89-
$66.84)

$249.05 
($28.00-
$790.04)

Policy Scenario C 9,990 
(930–
21,360)

83% (67–
153%)

13,560 (1,000–
43,620)

395% 
(276–
392%)

$453.69 ($42.36-
$1,792.83)

$54.57 ($5.09-
$116.68)

$565.20 
($52.07-
$2,038.11)

100% MOUD 
in jails with 
48% linkage post-
incarceration

Policy Scenario A 5,380 
(390–
9,120)

2,630 (210–9,650) $73.82 ($7.54-
$275.87)

$29.38 ($2.14-
$49.82)

$167.90 
($15.58-
$477.84)

Policy Scenario B 6,320 
(540–
11,580)

18% 5,200 (420–
18,620)

98% $153.08 ($15.38-
$576.47)

$34.54 ($2.93-
$63.24)

$256.70 
($24.53-
$806.66)

Policy Scenario C 9,490 
(790–
19,650)

76% 12,880 (900–
40,860)

390% $444.15 ($42.08-
$1,695.20)

$51.83 ($4.34-
$107.30)

$581.20 
($53.61-
$2,028.79)

10% move to 
diversion program

Policy Scenario A 5,360 
(460–
9,010)

2,490 (220–9,940) $67.39 ($6.95-
$260.82)

$29.30 ($2.52-
$49.22)

$156.87 
($14.29-
$448.37)

Policy Scenario B 6,300 
(520–
11,810)

17% 4,950 (380–
18,350)

98% $140.48 ($13.39-
$541.85)

$34.43 ($2.85-
$64.50)

$234.63 
($20.95-
$750.45)

Policy Scenario C 9,510 
(1,010–
19,680)

77% 12,450 (1,050–
40,460)

399% $414.96 ($46.04-
$1,555.31)

$51.94 ($5.51-
$107.47)

$524.90 
($56.36-
$1,793.60)

10% move to 
diversion program, 
100% MOUD 
in jails with 
48% linkage post-
incarceration

Policy Scenario A 5,290 
(530–
8,710)

2,390 (210–8,740) $67.12 ($7.04-
$245.01)

$28.92 ($2.90-
$47.56)

$160.51 
($16.73-
$446.35)

Policy Scenario B 6,150 
(570–
10,980)

16% 4,740 (390–
18,110)

98% $139.38 ($14.19-
$539.41)

$33.61 ($3.12-
$59.99)

$241.59 
($23.80-
$768.32)

Policy Scenario C 9,050 
(850–
19,850)

71% 11,820 (910–
40,250)

394% $406.25 ($41.64-
$1,596.35)

$49.43 ($4.64-
$108.40)

$539.51 
($54.43-
$1,924.38)
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