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Abstract

Background: Fentanyl is a synthetic opioid that is commonly
given as a medication to alleviate pain. This drug can be
administered through multiple routes, hence making it easy

to exploit at high rates. Due to the flexibility in which it can be
taken, it increases the ease of both access and use. The purpose
of this study was to analyze trends in the distribution of fentanyl
and its formulations across Medicaid enrollees in California and
among the 3-digit registrant zip codes in California over the
period of pre-pandemic (2018-2019) to the early stages of the
CQOVID-19 pandemic (2020).

Methods: Using the Automated Reports and Consolidated
Ordering System (ARCQS), the distribution of fentanyl across
California was compiled from 2018 to 2020. Utilizing ARCOS,
the number of individuals within the source population who
lived in one of California’s many zip codes was observed. To
analyze the fentanyl distribution trend, we used Google Sheets,
GraphPad Prism (Version 9.3.0 [463]), and Microsoft 365 Excel.
These were helpful to organize the Medicaid, ARCOS data, and
as well as to create graphs. The Medicaid database was used to
compile the number of fentanyl formulations prescribed from
2018 to 2020 across California.

Results: The analyses from both databases provided insight
into the difference in fentanyl distribution in California from the
years 2018 to 2020. After looking further into the many 3-digit
registrant zip codes as well as Medicaid enrollees, it was found
that there was a decrease in the distribution of fentanyl and its
formulations. Additionally, it was found that the distribution of
fentanyl as a medication by business activities also decreased
from 2018 to 2020.

Conclusion: The results indicate that there was more fentanyl
being distributed and prescribed before the pandemic (2018-
2019). On the other hand, when we considered the effects of
the pandemic, during 2020, there was quite a drastic decrease
in the amount of fentanyl being prescribed and distributed to
those living in California and those enrolled in Medicaid.

Introduction

Fentanyl and its analogs are lipid-soluble opioids, first
synthesized 70 years ago in the 1950s (1). Fentanyl is an opioid
agonist that acts on the u-opioid receptor while producing
analgesia. This opioid is 50 to 100 times stronger than
morphine. A minuscule dose, such as 100 micrograms, can
produce pain relief equal to 10 mg of morphine. Its properties
and pharmacokinetics differ widely from other drugs. It is mainly
used as a sedative for post-surgical patients, epilepsy patients,
and patients with renal failure. It is also used to treat chronic
pain patients who have developed a tolerance for other drugs.

Fentanyl can be administered in many ways such as
intravenously, intramuscularly, transdermally, intranasally, and
intrathecally (2). From pre-COVID-19 (2018-2019) to the
period of early COVID-19 (2020), there was a change in the
illicit use of fentanyl and its derivatives as well as its distribution.
There were also changes in the distribution and use of fentanyl,
there has been a great increase in the prescription and
manufacturing of illegal fentanyl (3). Due to these issues, the
dependence on opioids has also increased. The overprescription
of opioids has been one of the contributors to this crisis adding
to many states limiting the prescription amounts of opioids, like
fentanyl, restrictions in the prescription, and mandating the use
of a program to monitor use (3).

Another study used was the urine drug test results before
COVID-19 (November 2019 - March 2020) and during
COVID-19 (March 2020 - July 2020). They found that

there was alarge correlation between fentanyl drug use that
increased from 3.80% to 7.32% from before the pandemic

to during the national emergency (4). Fentanyl is primarily
responsible for overdose deaths across the United States, and
this can be in part due to the prescription of opioids for pain.
However, the pandemic has brought on an increase in opioid
use (5). Using the ARCOS and Medicaid databases, we looked
at changes in the fentanyl distribution in Medicaid recipients in
California.

Californiais the state of choice to study primarily because

of its significance in death rates in the state. Along with this,
Californiais the largest state in the country by population.
Having California as the state of choice gave us the ability to
have a wide variety of data to discuss throughout our research.
In the state of California, laws were implemented to decrease
the rate of prescriptions of fentanyl. Law AB 1751 makes it
more difficult to receive opioids in different states while law AB
2789 will require physicians to write electronic prescriptions
(6).

The rate of overdoses due to synthetic opioids like fentanyl
and fentanyl analogs increased over 16% from 2018 to 2019
andincreased from 2020 to 2021 (7). There was a gap in
understanding why there was a spike in fentanyl. Previous
studies from 2021 reported those who use drugs containing
fentanyl tend to smoke it more often. There was a change in
the demand and supply chain for fentanyl since 2010, leading
to a shift from 2018 to 2019 from injecting opioids to smoking
fentanyl in California. This shift was due to the convenience
of smoking the opioid rather than injecting it. Between 2018-
2020, preliminary data from the CDC indicated a continuous
rise in opioid morbidity (7).

In 2020, there was a staggering increase in the use of fentanyl,
if this continues, it will surpass the highest point of use, which
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was in 2016. Although fentanyl prescription has declined over
time, the death rate of this opioid continues to increase (8).
Another study in 2021, indicated that the rate of overdose in
Californiaincreased by 49% between 2019 to 2020 (9). During
this time, there were greater than projected overdose deaths in
California amongst all racial and ethnic groups. In particular, the
largest increase was seen in the Black community. This is likely
related to systematic bias in the healthcare system regarding
prescribed opioids and disparities in access to healthcare

(10). This may be due to the lack of accessibility to healthcare
resources and rehabilitation centers within these communities,
thus leading to increased stress levels.

Other studies have reported that individuals who misuse
fentanyl often experience a withdrawal effect when the opioid is
unavailable. This could be a contributing factor to the increase
in demand (11). Given that fentanyl is known for its potency and
the harmful effects after its use, the drug continues to be known
as a misused substance (3). This would allow us to explore the
effect of current interventions used to combat this ongoing
issue. The increase in the instances of fentanyl overdoses and
fatalities is a direct result of illicit drug use. The rates continue
toincrease even though the number of prescriptions decreases
because users are accessing opioids illegally from drug dealers
that smuggle them from countries like China, Mexico, and India
(12).

Methods

Database

We used fentanyl prescription data from the Medicaid database
in California. The Medicaid database includes the outpatient
drug utilization data for Medicaid enrollees in each state from
the start of the drug rebate program (13). Other studies that
used Medicaid showed a regional difference in the distribution
of fentanyl from 2010 to 2019 (3). From the Automated
Reports and Consolidated Ordering System (ARCOS), we used
the fentanyl distribution by zip code within California for the
years 2018 to 2020. Also, we used the retail purchases for
fentanyl in grams by the business activity in California for the
years 2018 to 2020 from the ARCOS database. The ARCOS
database provides the distribution history of controlled drugs
in the United States from the DEA (14). ARCOS provides a
detailed overview of drug distribution by 3-digit zip code and
business activity in the United States. Other studies that used
ARCOS showed an overall decrease in distributed licit fentanyl
from 2010 to 2019 and a decrease in fentany! distribution by
17.9% from 2016 to 2017 (15,16). Our use of databases has
helped find data collection specific to fentanyl and its analogs
when determining the number of prescriptions given to those
who are Medicaid patients; however, the use of outside sources
has been beneficial to gaining an outside perspective (16). The
purpose of this study was to examine how the distribution of
fentanyl impacted Medicaid recipients in California from 2018
to 2020.

Participants

The source population from the ARCOS database included
individuals residing in one of the 57 zip codes in California. The
target population included residents in one of the 3-digit zip
codes of California who were distributed fentanyl. To further

study changes in fentanyl distribution, the source population
included Medicaid enrollees, and we focused on fentanyl users
in the state of California. The target population consisted of
Medicaid enrollees in California who were prescribed fentanyl.
All individuals enrolled in Medicaid from 2018 to 2020 were
included in this study. Persons that did not match our inclusion
criteria for Medicaid and ARCOS were excluded from this
analysis.

Procedures

To determine the changes in fentanyl distribution in Medicaid
users in California from 2018 to 2020, data was collected and
sorted yearly from Medicaid. The number of prescriptions

for each formulation was assessed through the state drug
utilization Medicaid database from 2018 to 2020. Medicaid
provides statistics for Medicaid enrollees and outpatient drug
prescriptions in each state yearly. Any blank prescription values
were replaced with zero.

To further analyze the distribution of fentanyl in California,
data was collected from the ARCOS database from 2018 to
2020. The total number of prescriptions of fentanyl per 3-digit
zip code in California was organized quarterly from 2018 to
2020. We assessed the total number of grams of fentany!

base distributed amongst pharmacies, hospitals, practitioners,
teaching institutions, mid-level practitioners, and narcotic
treatment programs.

Statistics

We calculated the change in the percentage of fentanyl
prescriptions from 2018 to 2020 (Table 1). To display the
change in percentages of fentanyl prescriptions, we used a

line graph and table to illustrate the data set collected from
Medicaid. Along with the use of the Medicaid data, we also used
data from the ARCOS database to see the amount of controlled
use of the substance fentanyl in grams across the various zip
codes in California. We performed a 95% confidence interval to
evaluate if there was a significant difference between the means
of the data, by determining if the p-value <0.05.

The variables included in the analysis of Medicaid patients were
the number of prescriptions prescribed, fentanyl formulations,
number of quarters, and the years 2018, 2019, and 2020. For
ARCOS, the variables used were the total grams of fentany!
distributed to California’s various 3-digit zip codes, total

grams of fentanyl by its drug code to California, the quarterly
drug distribution for California per 100,000 population, and
the cumulative drug distribution to California per 100,000
population. Data were collected by each quarter (1-4), for each
of our desired years (2018-2020) to evaluate the changes
from the pre-COVID-19 pandemic to the early stage of the
COVID-19 pandemic (Figure 2).

To see the evident variations in the distribution of fentanyl, we
created a visual representation of the sum of distributions for
each 3-digit registrant zip code within California for each year
(Figure 3). This was done to see how the distribution of fentanyl
varied across each zip code within each year.

GraphPad Prism (Version 9.3.0 [463]) and Microsoft 365

Excel were used for the statistical analysis and graphs. These
programs were used to generate graphs and perform analyses.
We formulated a heat map of the various zip codes of California
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2019 to 2020 2018 2019 2020
Sample Mean 17,948 26,394 13,121

Sample Standard Deviation = 20148 37068 18258

-44% Level of Significance 0.05 0.05 0.05
-100% Sample Size 4 4 4

-39% Confidence Value 19744 36326 17892

Upper Confidence Interval 37692 62719 31013

Lower Confidence Interval -1797 -9932 -4771

Table 1. Changes in prescribed fentanyl prescriptions to Medicaid enrollees in California from 2018 to 2020.
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Figure 1. Number of fentanyl prescriptions prescribed for Medicaid patients in California from 2018 to 2020.

to show how the corresponding zip codes for California
correlate to the total amount of fentanyl distributed in grams
(Figure 4). Business activity was measured to show the different
amounts of fentanyl being distributed from various types of
businesses.

Results and Discussion

Table 1 demonstrates the change in the percentage of
prescriptions given to those enrolled in Medicaid in California
from 2018 to 2020. There is a clear decrease in the total
number of prescriptions for each of the fentanyl formulations.
The percentage difference in the number of prescribed
formulations of fentanyl is also shown in Table 1. In addition,
we incorporated the values for the 95% lower and higher

confidence intervals to show the significance of our data. After
analyzing the data, the decrease in fentanyl prescription could
be due to the possibility that it is overused in various ways.

Figure 1 shows the decrease in the total number of fentanyl
prescriptions for those enrolled in Medicaid for these years.
Figure 2 demonstrates the total retail distribution of the drug
base fentanyl as a sum by the 3-registrant zip codes within
California. This shows the total amount of fentanyl that was
distributed to each zip code during all three years (2018-2020).
Figure 2 distinguishes zip codes that received a large amount of
fentanyl compared to those that received much less.

Figure 3 shows the sum of fentanyl distribution for each of the
three years and the evident transitions for fentanyl that was
dispersed. This data analysis was also done for the state of
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Figure 2. Total retail distribution of fentanyl drug base as a sum in California by zip code from 2018 to 2020 according to Automated Reports and

Consolidated Ordering System.

California and by each 3-digit zip code. The heat map shown in
Figure 4 displays the total amount of fentanyl allocated within
the state of California by each of the zip codes for 2018 to
2020.

Figure 5 shows the business activity behind the distribution

of fentanyl in California for the years 2018 to 2020. There

is an apparent decrease in the distribution of fentanyl within
California during these years in multiple business activities.
This figure includes the amount of fentanyl distributed as a total
in grams. The limitations to our study include not having the
most recent data from 2021 due to factors such as the ongoing
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pandemic. This analysis does not account for those who are not
enrolled in Medicaid and the data was in a de-identified form.

Based on our findings, there was an increased distribution

of fentanyl as well as the prescription of fentanyl and its
formulations within the year 2018, which led to a decrease
inthe year 2019. Subsequently, once the pandemic began

in 2020, there was a decrease in the same areas of analysis
within California. Thus, the trend of decreasing distribution and
prescription of fentanyl and its formulations occurred all within
the year 2020.
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Figure 3. Retail distribution of fentanyl drug base as a sum in California by zip code for each year of 2018, 2019, and 2020 according to Automated
Reports and Consolidated Ordering System.
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Conclusion

Our analysis concluded that there was a decrease in the
distribution of fentanyl and the prescribing of fentanyl and its
formulations. Even so, there was a spike in the prescription of
fentanyl c formulation in 2019. Moreover, the geographical
distinction is important in understanding the fentanyl
distribution and prescription trends in California. The 3-digit zip
code 945, Oakland, had the highest distribution of fentanyl for
2018,2019, and 2020. The trend of decreasing distribution and
prescription of fentanyl and its formulations can be seen as a
possible correlation to the COVID-19 pandemic.
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Figure 4. Heat map of total fentanyl distribution in
California by zip code from 2018 to 2020 according
to Automated Reports and Consolidated Ordering
System.
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Figure 5. Total distribution of fentanyl in California by business activity.
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