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Background: The U.S. Food and Drug Administration Adverse Event Reporting

System (FAERS), contains information on adverse drug events and medication error reports

submitted to the FDA through the MedWatch program. A significant number of adverse

events reported in the FAERS database have been for opioid use. The objective of this

study was to determine the frequency counts and associated deaths of opioid drug names in

the FAERS database.

Methods: Drug data were obtained from the DRUG and OUTCOME files in the database.

Drugs identified included: morphine, fentanyl, oxycodone, hydrocodone, tramadol, hydro-

morphone, methadone, codeine, oxymorphone, meperidine, propoxyphene, diphenoxylate,

and heroin. Frequency counts and concomitant deaths of opioid drug names were determined

via the MySQL database management system.

Results: Fifteen different opioid drugs identified in the FAERS database were associated

with ADEs, including death, and 3 drugs (oxycodone, hydrocodone, fentanyl) accounted for

more than half of the reports. The highest frequency count value was 158,181 for oxycodone,

which represents approximately 20.2% of the frequency counts for the opioids. The lowest

frequency count value was 2,161 for dextromethorphan, which represents approximately

0.3% of the total. The opioid with the highest proportion of deaths to drug count was heroin

(71.8%), followed by dextromethorphan (55.6%), methadone (37.2%), morphine (26.8%),

and propoxyphene (23.7%).

Conclusion: The FAERS database represents an important source for detection and reporting of

adverse drug events (ADEs), in particular the opioids and related drugs. It remains a challenge to

estimate the true incidence of ADEs for this class of drugs in the general population.
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Introduction
Opioids are one of the most widely prescribed classes of drugs in the U.S.,1 and

information on the characteristics of their use is important to our understanding of

the impact on the health and well-being of our society.

The US Food and Drug Administration Adverse Event Reporting System

(FAERS) is one of the largest government databases in the country and is com-

prised of adverse drug event (ADE) and medication error reports that have been
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submitted to the FDA through the “MedWatch” reporting

program.2,3 Though commonly recognized for this pur-

pose, the FAERS database also can indirectly provide

valuable information on prescribing practices and patient

outcomes based on real-life clinical encounters.

Specifically, FAERS is a computer-based relational

database made-up of seven file “packages” arranged in

tabular format.4 The files contain information on items

such as patient demographics, adverse drug reactions,

source of ADE reports, drug therapy start and end dates,

and indications of use (diagnoses) for the reported drugs.

Two preeminent files, the DRUG file, consists of the

names of the reported medications suspect for adverse

drug events (ADEs), and the OUTCOME file, contains

information on the type of outcome from the drug, such

as life-threatening, hospitalization, or death.

A frequency count is a measure of the number of times

that an event occurs.5 Frequency counts can be organized

in tables, which are useful for describing the number of

occurrences of a particular type of datum within a dataset.

Frequency tables can help to identify obvious trends

within a data set and can be used to compare data between

data sets of the same type.6

The objective of this study was to determine the fre-

quency counts of selected opioid drugs in the FAERS

database, with associated deaths. The focus of this report

is on specific files within the FAERS database identifying

the types of opioids and the magnitude of their presence.

This can provide insight into the usage patterns of opioids

in healthcare systems.

Methods
As described in a related report, the DRUG data files in the

FAERS database were downloaded, cleaned, and standar-

dized using a combination of data cleaning tools and

manual correction techniques.7 The quarterly reports

from 2004 to 2016, yielded 31,921,755 records from

which the frequency counts were determined.

Frequency counts
Opioid drug names were identified from the National

Institute of Drug AbuseWebsite.8 The opioid drugs selected

were as follows: heroin, morphine, fentanyl, oxycodone,

hydrocodone, tramadol, hydromorphone, methadone,

codeine, oxymorphone, meperidine, propoxyphene, diphe-

noxylate, dextromethorphan and buprenorphine. The drugs

were included in this investigation because of reports of

high abuse potential in the medical literature.8–10

Data on drug names and associated deaths were

retrieved from the MySQL database with standard query

and function commands.11

Frequency counts of opioid drug names from the

DRUG file were obtained using the MySQL “Select”

statement and “COUNT(*)” function. With these state-

ments and functions, a number of non-NULL values for

each opioid drug name expression was obtained.

Subsequently, it was determined how often each drug

name value occurred relative to the entire data set.

In a similar manner, frequency counts of number of

deaths from the OUTCOME file, were created.

To help manage the collection of files and records,

Microsoft Excel® was incorporated to organize informa-

tion. From MySQL, tables were created in Excel®, and the

frequency count values were manually entered into rows

and columns, whereby data analysis was conducted. The

process is summarized in Figure 1.

Results
For the specified time period, the drug name count for the

opioid drug names was 784,517, which represents approxi-

mately 2.46% of the drug names in the FAERS database.

The highest frequency count value was 158,181 for

oxycodone, which represents approximately 20.2% of the

frequency counts for the opioids. The lowest frequency

count value was 2,161 for dextromethorphan, which repre-

sents approximately 0.3% of the total.

The top 3 opioids include oxycodone, hydrocodone,

and fentanyl which make up approximately 51.7% of the

total frequency counts.

In addition to the highest frequency count, oxycodone

was also the opioid with the highest number of associated

deaths. This was followed by hydrocodone, morphine,

fentanyl, and tramadol. The top 3 opioids with associated

deaths made up approximately 51.8% of the deaths asso-

ciated with the opioids.

The opioid with the greatest proportion of deaths to

drug count was heroin (71.8%), followed by dextro-

methorphan (55.6%), methadone (37.2%), morphine

(26.8%), and propoxyphene (23.7%). The numerical

results in total are presented in Table 1, and illustrated in

Figure 2.

Discussion
An adverse drug event is “an injury resulting from the use

of a drug”12 which presents the single greatest risk of harm

to patients in hospitals.13
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Millions of records of adverse drug events have been

created in the FAERS database from reports by healthcare

professionals, consumers, and drug manufacturers through

the “MedWatch” reporting program.3

In this report, the frequency of adverse events – includ-

ing deaths – is identified for selected opioids in the US

Food and Drug Administration’s largest registry of adverse

drug events. This information appears to run parallel to

news media and other reports on the prevalence of opioid

usage in what has come to be known as the “opioid

epidemic” or “opioid crisis.”

In determining frequency counts of the opioid drugs,

the most straight-forward approach to working with

quantitative data was employed.14 Drug items were

Source data:
FAERS database
drugName files

Background
Problem
investigated

» MedWatch
reports of opioids
by consumers,
clinicians and drug
manufacturers
to FDA

»To determine
frequency counts of
the opioid and
related drugs in the
FAERS database and
associated deaths.

» 15 drug names
identified in FAERS
DrugName file

»Only 3 opioids
accounted for over
half of ADE reports

»Highest
proportion of
deaths to drug
count found for
heroin followed by
dextromethorphan

Assess impact
of on health
care systems
and well-being
of society

»Frequency
counts determined
via MySQL

Objectives
Our intent of
the study

Methods
Techniques
we used

Results
Quantitative
findings

Conclusion
Significant
implications

Figure 1 Summary of the process: frequency counts of opioids in the US Food and Drug Administration Adverse Event Reporting System (FAERS) database.

Table 1 Frequency counts of opioids and associated deaths in the FAERS database

Opioid Drug

Name

No. of Records

(Frequency)

% of

Total

No. of Deaths

(Frequency)

% of

Total

Deaths to Drug Count

(%)

Oxycodone 158,181 20.16 32,661 21.30 20.65

Hydrocodone 141,990 18.10 23,474 15.31 16.53

Fentanyl 105,381 13.43 23,180 15.12 21.99

Tramadol 104,000 13.26 13,637 8.89 13.11

Morphine 86,984 11.09 23,280 15.18 26.76

Buprenorphine 50,968 6.50 3275 2.14 6.43

Codeine 40,910 5.21 7210 4.70 17.62

Hydromorphone 30,792 3.92 6123 3.99 19.89

Methadone 28,659 3.65 10,649 6.94 37.16

Diphenoxylate 9175 1.17 1135 0.74 12.37

Propoxyphene* 7784 0.99 1848 1.21 23.74

Meperidine 7178 0.91 1177 0.77 16.39

Oxymorphone 5854 0.75 1272 0.83 21.73

Heroin** 4500 0.57 3230 2.11 71.78

Dextromethorphan 2161 0.28 1201 0.78 55.58

Total 784,517*** 100 153,352 100 —

Notes: *No longer marketed in the US. **Illegal Controlled Substance (Schedule I of the US Controlled Substances Act). ***Represents Approximately 2.46% of the Drug

Name Records in the FAERS database.
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classified by name within the opioid group and an arith-

metical count was made of the identified drug name.

The opioid and opioid-related drugs with the highest to

lowest frequency counts of adverse events in the data-

base were identified and with this method, quantities

were determined not only individually, but also relative

to each other.

The results indicate that the 15 different opioid drugs

identified in the FAERS database were associated with

ADEs, and 3 drugs (oxycodone, hydrocodone, fentanyl)

accounted for more than 50% of all reports. All of the

drugs identified included death as a consequence of the

ADE, which could be due to the opioid alone or in com-

bination with one or more other drugs.15

Not surprisingly, the results of this study show that the

proportion of deaths to opioid type to be highest with

heroin, which validates the numerous news stories on

opioid cause of death. Interestingly, the proportion of

deaths to ADEs were significant for dextromethorphan,

which although had the lowest number of records, had

the second highest proportion of deaths to adverse drug

events. Dextromethorphan hydrobromide is found in more

than 100 over-the-counter cough and cold remedies in the

U.S.,16 and is normally thought of as being safe and

effective, and low in abuse potential.

Opioid availability has been implicated as a leading

stimulus of the opioid epidemic.17 In practice, the root

cause of the opioid epidemic is multifaceted and has

been linked to a range of issues. Such issues include

changes in prescribing patterns, increasing access and

decreased relative cost of heroin, illicitly manufactured

fentanyl, and the increasing treatment demand to supply

gap and it particular impact on populations with little

access to treatment.18,19 While the adverse drug events

occur among all types of opioids, the incidence of reported

ADEs for the most frequently occurring drugs is likely

related to the magnitude of availability and usage.

Founded in 1993, the MedWatch system and FAERS

database not only exist as a repository of adverse drug

events,2,3 but also can be viewed as a “microcosm” of drug

treatment and outcomes in our healthcare system. The

drugs that populate the FAERS database are those that

are implicated in an adverse event ranging from any unde-

sirable experience to death.20

In our estimation, the ADEs for the selected opioids

made up approximately 2.6% of those in the FAERS data-

base. In absolute terms, this may not seem imposing, but

with thousands of approved drugs in existence, the opioid

and opioid-like drugs described in this report actually repre-

sent a significant number of suspected adverse drug events.

Number of records with deaths of opioids
Number of records
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Figure 2 Frequency counts of opioids, associated deaths, and percentage of deaths to drug name records [%] in the FAERS database.
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In addition, MedWatch reports of adverse drug

events are notoriously underreported.21 In fact, the

under-reporting of adverse drug events in general has

been deemed an “international health concern.” With

this in mind, it would be reasonable to assume that the

reporting of ADEs for opioids would also be under-

reported, thus, only a small portion of ADEs that occur

are represented in these counts.

Limitation
This report provides a “snapshot” of activity regarding

usage of opioid drugs, and without physiologic, psycholo-

gic or demographic information on patient cases involved

with these drugs, caution in drawing meaningful conclu-

sions should be advised.

While the resulting FAERS data may provide the

signal of a safety concern with an ADE that may war-

rant further investigation, there are limitations to inter-

preting the data.

Adverse drug events (ADEs) include allergic reactions,

side effects, overmedication, and medication errors.22 With

frequency counts, information is lacking on the actual

nature of the ADEs or their severity, and there is no

information on the number of users of a specific drug

that can be used to calculate the proportion of patients

experiencing an event.23 It would be beneficial to address

this issue in future studies.

Conclusion
According to Sakaeda et al (2013), “A report in the

FAERS database is a story, sometimes only a rumor, but

numerous reports can reflect reality.”24 The FAERS data-

base represents an important source for detection and

reporting of adverse drug events, in particular the opioids

and related drugs. It remains a challenge to estimate the

true incidence of ADEs for this class of drugs in the

general population.
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