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Abstract

Introduction: This study is the first of its kind in the United States to report a fatal toxicity index (FTI) of prescription drugs
commonly implicated in deaths to quantify the dangers of prescription drugs. Death rates for the top fourteen schedule II-1V drugs
implicated in overdoses were examined as deaths per million pills dispensed to a large county population over a one-year period
to derive a fatal toxicity index (FTI), which is an indicator of the level of toxicity in accidental prescription-related overdose
deaths. Medical Examiner data used to understand the prescription drugs, co-prescribing of multiple prescriptions, illicit drugs
and alcohol in deaths.

Methods: This retrospective, descriptive analysis examined all accidental prescription-related deaths (n=247) as determined by the
San Diego Medical Examiner (ME) investigation during 2015. Data were analysed by age, sex, individual prescription drugs and
combinations of prescription drugs. Prescribing data were obtained from the CURES reporting system, California’s prescription
drug monitoring system. The CURES data in combination with ME data were used to derive an FTI for each of the selected drugs.

Results: Approximately 57% (n=140) of the 247 prescription-related deaths in 2015 were among men with an average age of
48(SD=14.4). Of all single prescription deaths, the majority involved opioids (n=31; 67.4%). Over two-thirds of all deaths involved
two or more substances with the most common contributory drugs being oxycodone (n=57, 23%), alprazolam (n=39, 15.8%),
and morphine (n=36, 14.6%). Hydrocodone provided the largest quantity of prescribed pills (55,378,292) but accounted for only
12 percent of all accidental prescription deaths (n=30). Of all drugs examined hydrocodone had the lowest FTI (0.54 deaths per
million pills dispensed). Drugs with the highest FTI included chlordiazepoxide (40.03), fentanyl (35.75) and methadone (9.1).

Conclusions: Focus on the prescription drug epidemic has been on opioids however, data suggest that drugs from various classes
are represented in deaths. A multi-drug approach and study of top prescription related deaths should be considered when working
to promoting safe prescribing and to reduce accidental overdoses.
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Introduction

This study is the first to report a fatal toxicity index (FTI) of
prescription drugs commonly implicated in accidental overdose
deaths, demonstrating a unique approach in the evaluation of pre-
scription safety by comparing prescription drug monitoring data
of number of pills dispensed to number of medical examiner cases
of accidental overdose. Drug overdose is the leading cause of acci-
dental death in the United States with over 63,600 deaths in 2016,
a 21.4% increase from 2015 [1,2]. The epidemic has been large-
ly fuelled by opioids, both prescription and illicit. Opioids were
involved in over 66% of drug related deaths nationally in 2016
with over 40% attributed to prescription opioids. The increase in
the rate of deaths due to prescription opioids has slowed but the
number of deaths continue to rise annually. Deaths involving pre-

scription opioids increased by 10% between 2015 to 2016 [3]. The
slowing rate has been attributed to increased awareness of risks
associated with opioids, formulation of abuse-deterrent prescrip-
tion opioids and state level efforts to reduce inappropriate opioid
prescribing [4,5].

In response to the epidemic, preventative measures have been tak-
en to address the growing epidemic of prescription drug related
deaths. Preventative measures have largely focused on changing
prescriber practices. The development of Prescription Drug Moni-
toring Programs (PDMP) has allowed physicians to address patient
care with consideration of prescriptions from other providers. In
California, the Controlled Substance Utilization Review and Eval-
uation System (CURES 2.0) is the designated PDMP that currently
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receives about 1 million prescription entries per week and moni-
tors about 128,000 prescribers and 151,000 dispensing pharmacies
[6]. At the time of this study, prescribers of controlled drugs were
not mandated to register with CURES and did not regularly check
the database prior to writing a prescription for a controlled drug,
unless suspicion was high [7,8]. Physician registration drastically
increased following the passing of Senate Bill 209 requiring all
physicians to be registered with the system by July 2016.

In San Diego County, which has an estimated population of 3.3
million people, drug overdose is the leading cause of accidental
death with 510 drug related deaths in 2015, of which 247 (48%)
involved prescription drugs [9,10]. A previous study examin-
ing accidental prescription-related overdose deaths in San Diego
County reported 254 deaths in 2013, showing slightly fewer deaths
compared to the current 2015 data but illustrates the ongoing prob-
lem [11]. Of the 254 deaths, 80% of prescription-related overdose
deaths involved a combination of multiple prescription drugs [11].

To understand the prescription drug epidemic, it is important to
identify what drugs are most frequently implicated in overdose
deaths as well as to understand the role of combination drug use
[11]. Tt is estimated that combination drug use explains between
40% - 60% of increases in drug deaths over recent years, yet there
is little literature reporting on combination drug use due to a lack of
reliable information on drugs involved in overdose deaths [12]. In
addition to frequency of fatal poisonings caused by specific phar-
maceuticals, consumption figures of drugs are useful in assessing
their relevance in overdose deaths. A useful measure of relative
drug toxicity is the fatal toxicity index (FTI), which is calculated
by relating the number of deaths associated with a specific drug
to the drugs estimated consumption figure over the same area and
time [13,14]. Previous studies reporting FTIs have been published
for various pharmaceutical drug classes such as antidepressants,
benzodiazepines, street drugs and methadone, with little literature
documenting FTIs for multiple drug classes involved in fatal over-
doses [14-19].

The overall objective of this study was to provide information on
the relative toxicity of pharmaceutical drugs commonly identified
in overdose deaths, which may be used by physicians to inform
prescribing decisions, as well as, to inform safe prescribing prac-
tices and policies. Additionally, to better understand differences in
relative toxicity between drugs, medical examiner data was used to
assess the contributions of combinations of prescription drugs, il-
licit drug use and alcohol in accidental prescription-related deaths.
There were no identified studies in the United States reporting
FTIs of pharmaceutical drugs involved in overdose deaths at the
time of the current study, making it difficult to draw comparisons.

Methods

This is a retrospective, descriptive analysis comparing all acciden-
tal prescription-related deaths from January 1, 2015, to December
31, 2015, as determined by a San Diego Medical Examiner (ME)

investigation, with the total number of prescriptions and pills dis-
pensed in the county in 2015. Prescription data were obtained from
the California PDMP, CURES (Controlled Substance Utilization
Review and Evaluation System) database. A database was creat-
ed that included all deaths in San Diego County from the period
of January 1, 2015, until December 31, 2015, with the cause of
death attributed to accidental prescription drug intoxication. The
database included deaths involving prescription drugs that were
mixed with over-the-counter (OTC) drugs, alcohol, or illicit drugs.
Deaths deemed to be suicides were excluded from the database.

Medical Examiner Data

The San Diego County ME’s office follows Government Code Sec-
tion 27941, which states that an investigation is to be conducted
for all unnatural deaths including homicides, suicides, accidents,
deaths in custody, and certain infectious diseases [20]. Additional-
ly, all deaths clearly related to trauma and deaths known or thought
to be due to alcohol or drug intoxication must be reported to the
ME office [20]. All accidental deaths deemed primarily caused
by prescription drugs, as determined by the San Diego ME, were
evaluated. The toxicology reports for these deaths were reviewed.
The top fourteen Schedule II-IV prescription drugs identified in
deaths were selected for analysis. These drugs were oxycodone,
alprazolam, hydrocodone, methadone, fentanyl, clonazepam, tra-
madol, morphine, temazepam, chlordiazepoxide, carisoprodol, di-
azepam, zolpidem, and oxymorphone.

Toxicological Testing

Specimen Collection

All specimens analysed toxicologically were collected at autopsy
at the San Diego County Medical Examiner’s Department. Periph-
eral blood (utilized for drug confirmation and quantitation) was
drawn from the common iliac veins (blood returning from the leg
and visually identified in the pelvis at autopsy) and stored in stan-
dard glass tubes containing sodium fluoride (100 mg) and potas-
sium oxalate (20 mg). Central blood (utilized for drug of abuse
screening) collected into identical glass tubes. Specimens were
stored at 4°C until analysed. All toxicological analyses were gen-
erally completed within six weeks of specimen collection.

Toxicological Screening

At a minimum, toxicological screening regimen included screen-
ing for simple volatile compounds, and drugs of abuse. Peripheral
blood was screened for alcohol and volatile compounds with head-
space gas chromatography-flame ionization detection (GC-FID)
[21]. Central blood was screened for a 13 drugs of abuse panel
by enzyme linked immunosorbent assay (ELISA: cocaine metab-
olite, opiates, methamphetamine, amphetamine, benzodiazepines,
cannabinoids, fentanyl, synthetic cannabinoids, oxycodone, meth-
adone, zolpidem, carisoprodol, and buprenorphine) (Immunalysis
Inc., CA). Additionally, if requested by the forensic pathologist in
cases expected of drug abuse or toxicity, an alkaline drug screen by
gas chromatography-mass spectrometry (GC-MS) following solid
phase extraction was performed for common therapeutic medica-
tions [22].
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Confirmation and Quantitation

When detected by the above screening procedures, all drugs were
confirmed and quantified in peripheral blood by previously de-
scribed analytical procedures. Opioids were confirmed by gas
chromatography-mass spectrometry (GC-MS), fentanyl by GC-
MS, carisoprodol / meprobamate by GC-MS, benzodiazepines and
zolpidem by high performance liquid chromatography with photo-
diode array detection (HPLC-DAD), and methadone and tramadol
by a specific gas chromatography-nitrogen phosphorus detection
(GC-NPD) procedure [23-27].

Prescription Data

Prescription data were obtained from CURES, California’s PDMP.
The drugs entered into the California PDMP database include all
Schedule II-IV medications. Data are obtained from pharmacy in-
formation and uploaded into the state system. All major pharma-
cies have the software necessary to comply with the regulation (SB
809) that requires data be uploaded within a week of dispensing
the prescription [7]. Prescriptions obtained from inpatient hospital
pharmacies, the Veterans Administration, military hospitals, meth-
adone clinics, and out-of-state pharmacies are not included in the
CURES system. A PDMP inquiry was run to obtain the number
of prescriptions and pills dispensed in San Diego County during
2015 for the top fourteen Schedule II-IV prescription medications
identified in deaths.

Data Analysis

Descriptive Statistics

Demographic information obtained from ME reports to calculate
distributions of age, gender, and race of the study population. Drug
frequencies calculated using ME data to identify the top prescrip-
tion drugs most commonly identified in overdose deaths. Contri-
bution of illicit drugs, alcohol, and additional prescription drugs
in overdose deaths calculated using information from ME reports

and reported for the top 14 Schedule II-IV prescription drugs iden-
tified.

Fatal Toxicity Index

An FTI calculated for each of the fourteen schedule II-IV drugs se-
lected for analysis, expressed as deaths per million pills dispensed.
Previous studies have measured drug consumption by prescrip-
tions dispensed, defined daily doses (DDD), or kilograms [14].
Given the variations in numbers of pills dispensed for each pre-
scription written, drug consumption measured by the number pills
dispensed for each of the schedule II-IV prescription drugs during
the 2015 calendar year. FTIs were calculated by dividing the
number of deaths attributed to each drug (numerator) by the total
number of pills dispensed in San Diego County during 2015 (de-
nominator) to be expressed as deaths per million pills dispensed.
The reported FTIs are reflective of deaths involving multiple sub-
stances. FTIs calculated for single-drug deaths have the advantage
of being able to ascertain which drug was responsible for death but
given that the majority of overdose deaths involve a combination
of substances, single-drug FTIs may underestimate the relative
toxicity of specific drugs [17]. The morphine equivalents or pre-
scription strength were not considered in this calculation as seven
of the 14 drugs were non-opioids. Ninety-five percent confidence
intervals (CI) calculated based on an exact Poisson distribution.
The data analysis for this paper was generated using SAS soft-
ware. The San Diego State University IRB review board as exempt
approved the research.

Results

Demographics

The San Diego County ME Office reported 247 accidental pre-
scription-related deaths in 2015. The total cohort of 247 included
57% males, with an average age of 48.3(SD=14.4) and age range
of 18 to 83 years in Table 1.

Table 1: Demographic Characteristics of Decedents of Accidental Prescription Related Deaths in San Diego County, California 2015

Characteristic Total Deaths | Percent
Gender
Male 140 56.7
Female 107 43.3
Age Range
15-24 19 7.7
25-34 31 12.5
35-44 32 12.9
45-54 58 23.7
55-64 86 34.8
65+ 21 8.4
Race/Ethnicity Group
Non-Hispanic White 184 74.5
Hispanic 33 13.5
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Black 18 7.3
Asian 6 2.4
Native American 3 1.2
Other 3 1.2
Number of Deaths by Drug Implicated in Overdose n=39), diazepam (15%, n=37), morphine (13.1%, n=36), hydroco-

Of all substances involved in overdose deaths, oxycodone was in-  done (12.1%, n=30) and methadone (12.1%, n=30) in Figure 1.
volved in 23.1% (n=57) of deaths followed by alprazolam (15.8%,
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Figure 1: Top 14 Substances Identified in Unintentional Overdose Deaths, San Diego County, 2015

Prescription Data in almost double the number of deaths. Following oxycodone, the
With 848,814 prescriptions dispensed in 2015, hydrocodone was next highest prescriptions were for alprazolam (317,643), trama-
the most frequently prescribed schedule II-IV drug in San Diego dol (281,912), zolpidem (277,017), clonazepam (163,982), and
County followed by oxycodone with 431,345 prescriptions dis- morphine (113,185) were the most frequently prescribed sched-
pensed in 2015. Table 2 Oxycodone prescriptions were about half uled II-IV drugs in San Diego County during 2015.

of those dispensed for hydrocodone, yet oxycodone was identified
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Table 2: Drug Prescribing in San Diego County for top 14 Schedule II-IV Controlled Substances Implicated in Accidental Pre-
scription Related Overdoses, 2015

Opioid Analgesics
Number of Rx. Number of Pills

Hydrocodone 848,814 55,378,292
Oxycodone 431,345 33,946,098
Tramadol 281,012 20,470,048
Morphine 113,185 7,528,880
Fentanyl 35,136 587,400
Methadone 27,500 3,298,801
Oxymorphone 7,763 569,428
Benzodiazepines
Alprazolam 317,643 16,477,129
Clonazepam 163,982 9,554,256
Diazepam 112,522 4,914,026
Temazepam 75,647 2,862,833
Chlordiazepoxide 7,554 249,798
Sedative/Muscle Relaxants
Zolpidem 277,017 9,043,168
Carisoprodol 66,318 4,645,231

Fatal Toxicity Index oxymorphone (8.78 per million pills dispensed) and diazepam

Deaths per million pills dispensed were highest for chlordiazep- (7.53 per million pills dispensed). Results of FTI calculations are
oxide (40.03 per million pills dispensed), fentanyl (35.75 per mil-  presented with the drugs separated by drug classes in descending
lion pills dispensed), methadone (9.10 per million pills dispensed), —order of FTI in Table 3 & Figure 2.

Table 3: Fatal Toxicity Index for Top Drugs Involved in Accidental Prescription-Related Overdoses, San Diego County 2015

Opioid Analgesics
Total number of pills Total number of deaths Deaths per million pills | 95% confidence interval
dispensed dispensed
Fentanyl 587,400 21 35.75 22.1, 54.60
Methadone 3,298,801 30 9.10 6.1,13.0
Oxymorphone 569,428 5 8.78 2.85,20.5
Morphine 7,528,880 36 4.78 3.35,6.62
Oxycodone 33,946,098 57 1.68 1.27,2.18
Tramadol 20,470,048 17 0.83 0.48, 1.33
Hydrocodone 55,378,292 30 0.54 0.37,0.77
Benzodiazepines
Chlordiazepoxide 249,798 10 40.03 19.2, 73.6
Diazepam 4,914,026 37 7.53 5.30, 10.40
Temazepam 2,862,833 11 5.59 3.19,9.08
Alprazolam
16,477,129 39 2.37 1.68,3.42
Clonazepam 9,554,256 17 1.78 1.04,2.85
Sedative/Muscle Relaxants
Carisoprodol 4,645,231 8 2.15 1.03, 3.96
Zolpidem 9,043,168 7 0.74 0.31,1.59
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Figure 2: Fatal Toxicity Index for Top Drugs Involved in Unintentional Overdoses, San Diego County 2015

Combinations of Drugs Involved in Accidental Prescrip-
tion Related Overdose Deaths

Accidental prescription-related deaths that involved combinations
with illicit drugs, alcohol, and OTC drugs shown in Table 4. Of
the 247 deaths, 211 (85.4%) were found to have multiple drugs on
autopsy, whereas 36 (14.6%) had only a single drug on autopsy.
Among the multi-drug deaths, the average number of concomitant
substances was 3.0 with a range of | to 10 drugs.

Deaths involving combinations with illicit drugs, drug class fur-
ther stratified alcohol, and OTC prescriptions for each of the 14
prescription drugs included in the study in Table 5. Opioid anal-
gesics were the most predominant class of drugs, contributing to
178 deaths (72.1%). Benzodiazepines were involved in 116 deaths
(47%). Opioid and benzodiazepine combinations were identified
in 75 deaths (30.4%). Opioids were present in 64.7% of all benzo-

diazepine deaths. Benzodiazepines were identified in 42.1% of all
opioid deaths. Decedents who overdosed on benzodiazepines had
a higher co-occurrence of additional prescription drugs (97.3%),
illicit drugs (37.1%), and alcohol (20.7%) than decedents who
used opioid analgesics (83.8%, 22.5%, 17%) respectively.

Among the 36 single-drug deaths, opioids accounted for 63.4%, of
which fentanyl accounted for 22.2% followed by morphine (14%),
methadone (8.3%), and hydrocodone (5.3%). Antidepressants ac-
counted for 19.4% of cases of single drug toxicity, of which par-
oxetine accounted for 5.6% followed by citalopram (2.8%), bu-
propion (2.8%), amitriptyline (2.8%), and sertraline (2.8%). The
remaining deaths due to single drug toxicity were attributed am-
phetamines (5.6%), benzodiazepines (5.6%), and antipsychotics
(2.8%).

Table 4: Accidental Prescription Drug Deaths and Combinations of Other Substances, San Diego County 2015

Substance Number of Deaths (%) (n=247)
Prescription alone 130 (52.64)

Prescription + Illicit 60 (24.29)

Prescription + Alcohol 35 (14.17)

Prescription + Illicit + Alcohol 13 (5.26)

Prescription + OTC* 5(2.02)

Prescription + Other 2 (0.81)

Prescription + Illicit + OTC* 2 (0.81)

*OTC=over the counter drugs
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Table 5: Contribution of additional prescription drugs, illicit drugs, and alcohol in accidental overdose deaths San Diego County, 2015

Percent Contribution

Contributory Prescription | Deaths Total (%) Other Prescription Illicit Drugsa Alcohol
Drug Drugs

Opioid Analgesics 178 (72.1) 83.8 22.5 17.0
Oxycodone 57 (23.1) 84.2 21.0 12.2
Morphine 36 (14.6) 75.0 8.3 25.0
Methadone 30 (12.1) 70.0 30.0 6.7
Fentanyl 21 (8.5) 62.0 29.6 4.7
Hydrocodone 30 (12.1) 90.0 16.7 23.3
Oxymorphone 5(2.0) 100.0 - -
Tramadol 17 (6.9) 88.2 29.4 5.9
Other opioid analgesics® 33 (13.3) 93.9 212 15.2
Benzodiazepines 116 (47.0) 97.3 37.1 20.7
Diazepam 37 (14.9) 100.0 48.6 10.8
Alprazolam 39 (15.8) 100.0 41.0 15.4
Chlordiazepoxide 10 (4.0) 100.0 50.0 60.0
Clonazepam 17 (6.9) 100.0 47.1 11.8
Temazepam 11(4.5) 100.0 18.2 -
Other benzodiazepines® 33 (13.4) 94.0 36.4 36.4
Sedative/Muscle Relaxants 22 (8.9) 100.0 13.7 9.1
Zolpidem 7 (2.8) 100.0 - 28.6
Carisoprodol 8(3.2) 100.0 25.0 12.5
Other sedative/

muscle relaxant 13 (5.3) 100.0 15.4 20.0

Antidepressants 57 (23.1) 87.8 10.5 14.0
a. [llicit drugs include: heroin, cocaine, methamphetamine, MDMA, mirtagynine, cannabinoid, phencyclidine

b. Other Opioids include: codeine, dihydrocodeine, hydromorphone, oxymorphone, opiate

c. Other Benzodiazepines includes: lorazepam, oxazepam, benzodiazepine

d. Other sedative/muscle relaxant includes: zopliclone, meprobamate, methocarbamol, cyclobenzaprine

*Percentages do not add up to 100 because multiple drugs contributed too many of the deaths.

Discussion

This retrospective, observational study examined accidental pre-
scription related deaths in San Diego County during the 2015 cal-
endar year using information available on the medical examiner’s
report and prescribing information in the California PDMP data-
base, CURES. This study is the first to report a FTI of prescription
medications commonly implicated in accidental overdose deaths,
offering a unique approach to evaluating the safety of prescrip-
tion medications. In addition to reporting the absolute number of
deaths involving particular drugs, utilizing the FTI quantified risks
associated with prescribing particular drugs based on the number
of pills dispensed for each of the 14 Schedule II-IV prescription
drugs analysed in the study. Drug combinations were evaluated for
each of the prescription drugs included in analysis to better under-
stand results of the FTI.

Opioids and benzodiazepines were the most prevalent drug classes
identified in the prescription-related overdose deaths. While opi-
oids have been identified as a main driver of the current epidemic,
benzodiazepine related overdose deaths increased 5-fold between
2001-2014, with co-prescribing of opioids implicated in 49-54%
of deaths [11,28-30]. Many benzodiazepines are prescribed for
anxiety and insomnia although they are not first line agents in
treatment. In this study, opioid and benzodiazepine combinations
were identified in 30.4% of all deaths. Apart from the increased
risk of accidental overdose death in patients receiving both opi-
oids and benzodiazepines, these patients also have worse health
outcomes, increased utilization of healthcare resources and higher
rates of mental health co-morbidity [29,31].

A few potential confounding factors should be mentioned prior
to interpreting results of the FTIs. It is important to consider the
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possibility that prescription drugs with higher FTIs are prescribed
to populations at a higher inherent risk for accidental overdoses,
resulting in an overestimation of toxicity. Patient characteristics
such as age, gender and co-occurring medical conditions and
drugs prescribed to at-risk groups, specifically, drugs prescribed
in the treatment of substance use disorders (e.g. chlordiazepoxide)
all potentially influence the resulting FTI [13]. Patients receiving
treatment for substance use disorders are at a disproportionately
higher risk for accidental overdoses, potentially increasing the
FTI of these drugs [13]. With consideration to the population most
commonly prescribed certain drugs, an elevated FTI might be a
better reflection of substance misuse within the patient population
rather than an inherent greater toxicity in overdose [32]. Despite
the potential confounding factors, previous studies have concluded
that inherent toxicity is a critical factor of pharmaceutical drugs
with a high FTI [13,33]. Additionally, combination drug use was
evaluated for each of the 14 prescription medications and should
be considered when interpreting results of the FTI.

Among opioid analgesics, oxycodone, morphine, hydrocodone,
methadone, fentanyl and tramadol accounted for the greatest num-
ber of deaths. However, once standardized by the number of pills
dispensed our data shows the drugs with the greatest FTI are fen-
tanyl, methadone, oxymorphone, and morphine. Of all opioids,
Methadone, fentanyl and tramadol had the most frequent concom-
itant use of illicit drugs. The FTI does not account for prescription
strength thus; the higher FTIs may be associated with higher mor-
phine equivalents per pill.

Methadone, a drug used primarily in the treatment of addiction
and withdrawal symptoms of opioids, primarily heroin, has been
increasingly contributing to overdose deaths in recent years [34]. It
should be considered that while opioid treatment programs (OTPs),
also known as methadone clinics, can access PDMP data, they are
restricted by law from reporting to PDMPs (Title 42, part 2 of the
Code of Federal Regulations). Because of this, we might not be
capturing the majority of methadone prescriptions dispensed, lead-
ing to an inflated FTI. Given the high co-occurrence of illicit drug
use and additional prescription drugs in methadone related deaths
as well as, the known abuse potential of the drug, the FTI is likely
reflective of a risky patient-population as the drug is used in the
treatment of opioid addiction. Allowing OTPs to upload prescrib-
ing data into the CURES system would grant doctors access to pa-
tient prescribing information, potentially reducing co-prescribing
of prescription drugs known to interact with methadone.

Fentanyl, a synthetic opioid 50 to 100 times more potent that mor-
phine has been increasingly involved in opioid overdose deaths
since 2013 largely due to illicitly manufactured fentanyl in the her-
oin market [35]. Over recent years, the San Diego ME office has
been adjusting reporting procedures for deaths involving fentanyl
to differentiate prescription fentanyl from illicit [10]. Because of
this, fentanyl’s large FTI may be reflective of the rise in illicit fen-
tanyl rather than prescription fentanyl as we are unable to account

for illicit fentanyl supply with CURES data. Similar to methadone,
fentanyl had a high co-occurrence of illicit drug use and additional
prescription drugs identified in deaths potentially indicating drug
misuse within the population.

Of special interest, our data shows tramadol in the top 14 Schedule
II-IV prescription drugs most commonly identified in accidental
overdose deaths for 2015 as well as, the third most commonly pre-
scribed opioid in San Diego County. Tramadol identified as having
a high co-occurrence of illicit drug use and additional prescription
drugs, potentially indicating drug misuse among the population.
Tramadol, a synthetic opioid drug, prescribed with the false as-
sumption that it is safer or less addictive than other opioids. Origi-
nally a non-scheduled drug, tramadol was reclassified by the DEA
as a schedule I'V-controlled substance in 2014 following evidence
of rising abuse and potential for adverse effects [36]. A recent-
ly published study shows that this change had minimal effects on
providers prescribing practices, with the main impact being that
tramadol can now be viewed as a part of the CURES system as a
schedule IV drug [37].

Following oxycodone, morphine was the most commonly identi-
fied opioid on ME toxicology reports. Some physicians have ex-
pressed interest in prescribing morphine in lieu of hydrocodone
due to allegedly less euphoric effects. Results of the FTI calcu-
lations show morphine as 9-fold more toxic than hydrocodone in
accidental overdose suggesting that morphine might not be a safer
alternative to hydrocodone. Additionally, morphine prescriptions
and pills dispensed were one-seventh as much than those for hy-
drocodone, but morphine identified in a greater number of deaths
than that of hydrocodone. The morphine equivalents prescribed
with oxycodone and morphine are typically higher than those pre-
scribed for hydrocodone.

Among benzodiazepines, alprazolam, diazepam, clonazepam,
temazepam, and chlordiazepoxide accounted for the greatest num-
ber of deaths. When standardized by number of pills dispensed,
our data shows benzodiazepines with the greatest FTI are chlor-
diazepoxide, diazepam, temazepam, and alprazolam. Of all benzo-
diazepines, diazepam, alprazolam, chlordiazepoxide and temaze-
pam had the greatest concomitant use of illicit drugs.

Chlordiazepoxide, a benzodiazepine most commonly prescribed
in the treatment of alcohol withdrawal, had the highest FTI of
all prescription drugs under investigation as well as, the greatest
co-occurrence of illicit drug use and additional prescription drugs
identified in deaths. The elevated FTI influenced by the patient
population being at a higher risk of death due to their underlying
disease state and addiction.

Alprazolam accounted for the greatest number of benzodiazepine
deaths and prescriptions as well as, showed a high co-occurrence
of illicit drug use and additional prescription drugs identified in
deaths. Alprazolam (Xanax), a highly addictive benzodiazepine
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used primarily in the treatment of anxiety disorders, remains the
most commonly prescribed benzodiazepine in the U.S. despite
high rates of misuse and literature documenting greater toxicity
in overdose in comparison to other benzodiazepines [38,39]. Al-
prazolam has a limited indication of use to a few weeks for panic
disorder and contraindicated for long-term use as serotoin-nor-
epinepherine reuptake inhibitors (SSRIs) are considered first-line
agents for anxiety disorders [38]. This known information, in
combination with, the high FTT and number of alprazolam related
deaths warrants reason for concern in continuing the use of this
drug at such high levels.

Limitations

The study had several limitations. Results of the analyses are pop-
ulation-based conclusions and limited in their generalizability as
the study compares rates within the same population and is unable
to account for potential confounders such as existing medical con-
ditions, substance abuse, and the varying dose-strength formula-
tions of prescription medications included in the study. The PDMP
system does not include prescriptions filled by military hospitals,
methadone clinics, and out-of-state clinics, and online and illegal
prescriptions. The San Diego Veterans Administration did not up-
load prescribing data into the CURES system until 2016. The ME
toxicology reports did not always include all OTC drugs, not all
illicit drugs are detectable, and some may not have been tested for
by the ME. On 15 ME reports, the toxicology report stated “opi-
ate” without a specific drug name and on 28 ME reports, the tox-
icology report stated “benzodiazepine” without a specific name.
The calculated FTIs are based on the number of pills dispensed as
a marker for drug consumption and we are unable to control for
varying strengths, dosages, and preparations of each drug under
investigation. Fentanyl, a synthetic opioid 50 to 100 times more
potent than morphine, can be prescribed as patches or pills and we
were unable to account for these adjustments with the prescribing
information from CURES. Some of the drugs included have il-
licit markets and this study did not correlate whether deaths were
attributed to the prescribed drugs in CURES. Additionally, the
analyses were unable to account for movement of drugs outside
the county. A previous study examining prescription related deaths
found that only 40% of deaths correlated to a recent prescription
found in CURES [11].

Conclusions

The focus of the epidemic in the US has been on opioids, yet our
study findings suggest that drugs from various classes are over-
represented in accidental prescription-related deaths. Working to-
wards reducing the number of prescription related deaths requires
safe prescribing practices not just of opioids but benzodiazepines,
sleep aids, and a reduction in the co-prescribing of multiple CNS
depressants. In addition to the absolute number of overdose deaths
from prescription drugs, it is important to consider combination
drug use. The FTI with consideration to combination drug use can
provide valuable information to physicians on the relative toxicity
and ranking of prescription drugs in overdose deaths. Medical ex-

aminer data and PDMP reports offer a wealth of information and
can be used as a guide for safe prescribing. Further studies are war-
ranted to look into the top drugs implicated in prescription related
deaths and findings should be considered when working towards
promoting safe prescribing and reducing accidental overdoses.
Future research should take into consideration the dose-strength
relationship when calculating FTTs.

References

1. Hedegaard, H., Warner, M., & Minifio, A. M. (2018). Drug
overdose deaths in the United States, 1999-2016. 2017.

2. Mattson, C. L., Schieber, L., Scholl, L., Rudd, R. A., Seth, P.,
Xu, L., ... & Paulozzi, L. J. (2017). Annual surveillance report
of drug-related risks and outcomes--United States, 2017.

3. Seth, P, Scholl, L., Rudd, R. A., & Bacon, S. (2018). Over-
dose deaths involving opioids, cocaine, and psychostimu-
lants-United States, 2015-2016. Morbidity and Mortality
Weekly Report, 67(12), 349-358.

4. Guy Jr, G. P, Zhang, K., Bohm, M. K., Losby, J., Lewis, B.,
Young, R., ... & Dowell, D. (2017). Vital signs: changes in
opioid prescribing in the United States, 2006-2015. Morbidi-
ty and Mortality Weekly Report, 66(26), 697-704.

5. Dowell, D., Zhang, K., Noonan, R. K., & Hockenberry, J. M.
(2016). Mandatory provider review and pain clinic laws re-
duce the amounts of opioids prescribed and overdose death
rates. Health Affairs, 35(10), 1876-1883.

6. Assembly Committee on Buisness and Professions. CURES
2.0 and Beyond: Advancing Technology to Combat the Opi-
oid Crisis. Presented at the: 2018.

7. Counsel CMAL. California’s Prescription Drug Monitoring
Program : The Controlled Substance Utilization Review and
Evaluation System (CURES). 2017.

8. Fazio, V. (2017). Reducing harms caused by opioids through
physician education: A gap analysis of physician underutili-
zation of the California Controlled Substance Utilization Re-
view and Evaluation System (Doctoral dissertation, Universi-
ty of Southern California).

9. San Diego Association of Governments (SANDAG). Demo-
graphic and Socio Economic Estimates: San Diego Region.
2015.

10. Wagner G. County of San Diego Department of the Medical
Examiner 2015 Annual Report. 2014.

11. Lev, R., Petro, S., Lee, O., Lucas, J., Stuck, A., Vilke, G. M.,
& Castillo, E. M. (2016). A description of Medical Examiner
prescription-related deaths and prescription drug monitoring
program data. The American journal of emergency medicine,
34(3), 510-514.

12. Ruhm, C. J. (2017). Drug involvement in fatal overdoses.
SSM-population health, 3, 219-226.

13. Buckley, N. A., & McManus, P. R. (2004). Changes in fatal-
ities due to overdose of anxiolytic and sedative drugs in the
UK (1983-1999). Drug safety, 27(2), 135-141.

14. Ojanperd, 1., Kriikku, P., & Vuori, E. (2016). Fatal toxicity
index of medicinal drugs based on a comprehensive toxicol-

J Addict Res, 2022

Volume 6 | Issue 1|221


https://www.cdc.gov/nchs/data/databriefs/db329-h.pdf
https://www.cdc.gov/nchs/data/databriefs/db329-h.pdf
https://www.cdc.gov/drugoverdose/pdf/pubs/2017-cdc-drug-surveillance-report.pdf
https://www.cdc.gov/drugoverdose/pdf/pubs/2017-cdc-drug-surveillance-report.pdf
https://www.cdc.gov/drugoverdose/pdf/pubs/2017-cdc-drug-surveillance-report.pdf
https://doi.org/10.15585%2Fmmwr.mm6712a1
https://doi.org/10.15585%2Fmmwr.mm6712a1
https://doi.org/10.15585%2Fmmwr.mm6712a1
https://doi.org/10.15585%2Fmmwr.mm6712a1
https://doi.org/10.15585%2Fmmwr.mm6626a4
https://doi.org/10.15585%2Fmmwr.mm6626a4
https://doi.org/10.15585%2Fmmwr.mm6626a4
https://doi.org/10.15585%2Fmmwr.mm6626a4
https://doi.org/10.1377/hlthaff.2016.0448
https://doi.org/10.1377/hlthaff.2016.0448
https://doi.org/10.1377/hlthaff.2016.0448
https://doi.org/10.1377/hlthaff.2016.0448
http://calchannel.granicus.com/MediaPlayer.php?view_id=7&clip_id=5176
http://calchannel.granicus.com/MediaPlayer.php?view_id=7&clip_id=5176
http://calchannel.granicus.com/MediaPlayer.php?view_id=7&clip_id=5176
Counsel CMAL. California’s Prescription Drug Monitoring Program : The Controlled Substance Utilizati
Counsel CMAL. California’s Prescription Drug Monitoring Program : The Controlled Substance Utilizati
Counsel CMAL. California’s Prescription Drug Monitoring Program : The Controlled Substance Utilizati
https://www.proquest.com/openview/767de65d112984ee7e7a625aa96a12f1/1?pq-origsite=gscholar&cbl=18750
https://www.proquest.com/openview/767de65d112984ee7e7a625aa96a12f1/1?pq-origsite=gscholar&cbl=18750
https://www.proquest.com/openview/767de65d112984ee7e7a625aa96a12f1/1?pq-origsite=gscholar&cbl=18750
https://www.proquest.com/openview/767de65d112984ee7e7a625aa96a12f1/1?pq-origsite=gscholar&cbl=18750
https://www.proquest.com/openview/767de65d112984ee7e7a625aa96a12f1/1?pq-origsite=gscholar&cbl=18750
https://datasurfer.sandag.org/download/sandag_estimate_2015_unified_san-diego.pdf
https://datasurfer.sandag.org/download/sandag_estimate_2015_unified_san-diego.pdf
https://datasurfer.sandag.org/download/sandag_estimate_2015_unified_san-diego.pdf
https://www.sandiegocounty.gov/me/docs/SDME_Annual_Report_2015.pdf
https://www.sandiegocounty.gov/me/docs/SDME_Annual_Report_2015.pdf
https://doi.org/10.1016/j.ajem.2015.12.023
https://doi.org/10.1016/j.ajem.2015.12.023
https://doi.org/10.1016/j.ajem.2015.12.023
https://doi.org/10.1016/j.ajem.2015.12.023
https://doi.org/10.1016/j.ajem.2015.12.023
https://doi.org/10.1016/j.ssmph.2017.01.009
https://doi.org/10.1016/j.ssmph.2017.01.009
https://doi.org/10.2165/00002018-200427020-00004
https://doi.org/10.2165/00002018-200427020-00004
https://doi.org/10.2165/00002018-200427020-00004
https://doi.org/10.1007/s00414-016-1358-8
https://doi.org/10.1007/s00414-016-1358-8

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

ogy database. International journal of legal medicine, 130(5),
1209-1216.

Buckley, N. A., & McManus, P. R. (1998). Can the fatal toxic-
ity of antidepressant drugs be predicted with pharmacological
and toxicological data? Drug safety, 18(5), 369-381.

Henry, J. A., Alexander, C. A., & Sener, E. K. (1995). Relative
mortality from overdose of antidepressants. Bmj, 310(6974),
221-224.

Reith, D. M., Fountain, J., McDowell, R., & Tilyard, M.
(2003). Comparison of the fatal toxicity index of zopiclone
with benzodiazepines. Journal of Toxicology: Clinical Toxi-
cology, 41(7), 975-980.

King, L. A., & Corkery, J. M. (2010). An index of fatal toxici-
ty for drugs of misuse. Human Psychopharmacology: Clinical
and Experimental, 25(2), 162-166.

Strang, J., Hall, W., Hickman, M., & Bird, S. M. (2010).
Impact of supervision of methadone consumption on deaths
related to methadone overdose (1993-2008): analyses using
OD4 index in England and Scotland. Bmj, 341(7774), 640.
Government Code Section 27491.

Saitman, A., Estrada, J., Fitzgerald, R. L., & McIntyre, [. M.
(2015). Comparative analysis of hospital and forensic labora-
tory ethanol concentrations: A 15-month investigation of ante-
mortem specimens. Journal of Forensic and Legal Medicine,
33,23-27.

Mclntyre, I. M., Trochta, A., Stolberg, S., & Campman, S. C.
(2015). Mitragynine ‘Kratom’related fatality: a case report
with postmortem concentrations. Journal of analytical toxi-
cology, 39(2), 152-155.

Mclntyre, I. M., Sherrard, J. L., & Nelson, C. L. (2009). Oxy-
morphone-involved fatalities: a report of two cases. Journal of
analytical toxicology, 33(9), 615-619.

Mclntyre, I. M., Gary, R. D., Estrada, J., & Nelson, C. L.
(2014). Antemortem and postmortem fentanyl concentrations:
a case report. International journal of legal medicine, 128(1),
65-67.

Mclntyre, I. M., Sherrard, J., & Lucas, J. (2012). Postmortem
carisoprodol and meprobamate concentrations in blood and
liver: lack of significant redistribution. Journal of analytical
toxicology, 36(3), 177-181.

Mclntyre, I. M., Syrjanen, M. L., Crump, K., Horomidis, S.,
Peace, A. W., & Drummer, O. H. (1993). Simultaneous HPLC
gradient analysis of 15 benzodiazepines and selected metab-
olites in postmortem blood. Journal of analytical toxicology,
17(4), 202-207.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

Mclntyre, I. M., Mallett, P., Burton, C. G., & Morhaime, J.
(2014). Acute benztropine intoxication and fatality. Journal of
forensic sciences, 59(6), 1675-1678.

Bachhuber, M. A., Hennessy, S., Cunningham, C. O., & Star-
rels, J. L. (2016). Increasing benzodiazepine prescriptions and
overdose mortality in the United States, 1996-2013. Ameri-
can journal of public health, 106(4), 686-688.

Re-Evaluating the Use of Benzodiazepines A Focus on High-
Risk Populations Re-Evaluating the Use of Benzodiazepines
A VA Clinician’s Guide.

Park, T. W., Saitz, R., Ganoczy, D., ligen, M. A., & Bohnert,
A. S. (2015). Benzodiazepine prescribing patterns and deaths
from drug overdose among US veterans receiving opioid an-
algesics: case-cohort study. bmj, 350.

Nielsen, S., Lintzeris, N., Bruno, R., Campbell, G., Larance,
B., Hall, W., ... & Degenhardt, L. (2015). Benzodiazepine use
among chronic pain patients prescribed opioids: associations
with pain, physical and mental health, and health service utili-
zation. Pain medicine, 16(2), 356-366.

Gossop, M., Stewart, D., Treacy, S., & Marsden, J. (2002). A
prospective study of mortality among drug misusers during
a 4-year period after seeking treatment. Addiction, 97(1), 39-
47.

Farmer, R. D. T., & Pinder, R. M. (1989). Why do fatal over-
dose rates vary between antidepressants?. Acta Psychiatrica
Scandinavica, 80(S354), 25-35.

Methadone Mortality: A 2010 Reassessment. Washington,
DC; 2010.

O’Donnell, J. K., Halpin, J., Mattson, C. L., Goldberger, B.
A., & Gladden, R. M. (2017). Deaths involving fentanyl, fen-
tanyl analogs, and U-47700—10 states, July—-December 2016.
Morbidity and Mortality Weekly Report, 66(43), 1197-1202.
Tramadol 2014.

Lev, R., Lee, K., & Painter, N. (2018). The Impact of the US
Drug Enforcement Agency Schedule Changes for Hydroco-
done and Tramadol on California Prescriptions Patterns. Jour-
nal of Contemporary Pharmacy Practice, 65(1), 36-41.
Ait-Daoud, N., Hamby, A. S., Sharma, S., & Blevins, D.
(2018). A review of alprazolam use, misuse, and withdrawal.
Journal of addiction medicine, 12(1), 4.

Isbister, G. K., O’Regan, L., Sibbritt, D., & Whyte, I. M.
(2004). Alprazolam is relatively more toxic than other benzo-
diazepines in overdose. British journal of clinical pharmacol-
ogy, 58(1), 88-95.

Copyright: ©2022 Keren Lee, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited.

J Addict Res, 2022

https://opastpublishers.com

Volume 6 | Issue 1 |222


https://doi.org/10.1007/s00414-016-1358-8
https://doi.org/10.1007/s00414-016-1358-8
https://doi.org/10.2165/00002018-199818050-00006
https://doi.org/10.2165/00002018-199818050-00006
https://doi.org/10.2165/00002018-199818050-00006
https://doi.org/10.1136/bmj.310.6974.221
https://doi.org/10.1136/bmj.310.6974.221
https://doi.org/10.1136/bmj.310.6974.221
https://doi.org/10.1081/CLT-120026520
https://doi.org/10.1081/CLT-120026520
https://doi.org/10.1081/CLT-120026520
https://doi.org/10.1081/CLT-120026520
https://doi.org/10.1002/hup.1090
https://doi.org/10.1002/hup.1090
https://doi.org/10.1002/hup.1090
https://doi.org/10.1136/bmj.c4851
https://doi.org/10.1136/bmj.c4851
https://doi.org/10.1136/bmj.c4851
https://doi.org/10.1136/bmj.c4851
https://doi.org/10.1016/j.jflm.2015.03.012
https://doi.org/10.1016/j.jflm.2015.03.012
https://doi.org/10.1016/j.jflm.2015.03.012
https://doi.org/10.1016/j.jflm.2015.03.012
https://doi.org/10.1016/j.jflm.2015.03.012
https://doi.org/10.1093/jat/bku137
https://doi.org/10.1093/jat/bku137
https://doi.org/10.1093/jat/bku137
https://doi.org/10.1093/jat/bku137
https://doi.org/10.1093/jat/33.9.615
https://doi.org/10.1093/jat/33.9.615
https://doi.org/10.1093/jat/33.9.615
https://doi.org/10.1007/s00414-013-0897-5
https://doi.org/10.1007/s00414-013-0897-5
https://doi.org/10.1007/s00414-013-0897-5
https://doi.org/10.1007/s00414-013-0897-5
https://doi.org/10.1093/jat/bks011
https://doi.org/10.1093/jat/bks011
https://doi.org/10.1093/jat/bks011
https://doi.org/10.1093/jat/bks011
https://doi.org/10.1093/jat/17.4.202
https://doi.org/10.1093/jat/17.4.202
https://doi.org/10.1093/jat/17.4.202
https://doi.org/10.1093/jat/17.4.202
https://doi.org/10.1093/jat/17.4.202
https://doi.org/10.1111/1556-4029.12489
https://doi.org/10.1111/1556-4029.12489
https://doi.org/10.1111/1556-4029.12489
https://doi.org/10.2105/AJPH.2016.303061
https://doi.org/10.2105/AJPH.2016.303061
https://doi.org/10.2105/AJPH.2016.303061
https://doi.org/10.2105/AJPH.2016.303061
https://www.pbm.va.gov/PBM/AcademicDetailingService/Documents/Benzodiazepine_Provider_AD_Educational_Guide.pdf
https://www.pbm.va.gov/PBM/AcademicDetailingService/Documents/Benzodiazepine_Provider_AD_Educational_Guide.pdf
https://www.pbm.va.gov/PBM/AcademicDetailingService/Documents/Benzodiazepine_Provider_AD_Educational_Guide.pdf
https://doi.org/10.1136/bmj.h2698
https://doi.org/10.1136/bmj.h2698
https://doi.org/10.1136/bmj.h2698
https://doi.org/10.1136/bmj.h2698
https://doi.org/10.1111/pme.12594
https://doi.org/10.1111/pme.12594
https://doi.org/10.1111/pme.12594
https://doi.org/10.1111/pme.12594
https://doi.org/10.1111/pme.12594
https://doi.org/10.1046/j.1360-0443.2002.00079.x
https://doi.org/10.1046/j.1360-0443.2002.00079.x
https://doi.org/10.1046/j.1360-0443.2002.00079.x
https://doi.org/10.1046/j.1360-0443.2002.00079.x
https://doi.org/10.1111/j.1600-0447.1989.tb03044.x
https://doi.org/10.1111/j.1600-0447.1989.tb03044.x
https://doi.org/10.1111/j.1600-0447.1989.tb03044.x
http://www.dpt.samhsa.gov/pdf/methadone_mortality_data_2010.pdf
http://www.dpt.samhsa.gov/pdf/methadone_mortality_data_2010.pdf
https://doi.org/10.15585%2Fmmwr.mm6643e1
https://doi.org/10.15585%2Fmmwr.mm6643e1
https://doi.org/10.15585%2Fmmwr.mm6643e1
https://doi.org/10.15585%2Fmmwr.mm6643e1
https://doi.org/10.37901/jcphp16-00026
https://doi.org/10.37901/jcphp16-00026
https://doi.org/10.37901/jcphp16-00026
https://doi.org/10.37901/jcphp16-00026
https://doi.org/10.1097%2FADM.0000000000000350
https://doi.org/10.1097%2FADM.0000000000000350
https://doi.org/10.1097%2FADM.0000000000000350
https://doi.org/10.1111/j.1365-2125.2004.02089.x
https://doi.org/10.1111/j.1365-2125.2004.02089.x
https://doi.org/10.1111/j.1365-2125.2004.02089.x
https://doi.org/10.1111/j.1365-2125.2004.02089.x

