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United States and Canada, 1990–2013: A Systematic
Review

We review evidence of

determinants contributing

to increased opioid-related

mortality in the United States

and Canada between 1990

and 2013.

We identified 17 determi-

nants of opioid-relatedmor-

tality andmortality increases

that we classified into 3 cate-

gories: prescriber behavior,

user behavior and charac-

teristics, and environmental

and systemic determinants.

These determinants operate

independently but interact

in complex ways that vary

according to geography and

population, making general-

ization from single studies

inadvisable. Researchers in

this area face significant

methodological difficulties;

most of the studies in our

review were ecological or

observational and lacked

control groups or adjust-

ment for confounding fac-

tors; thus, causal inferences

are difficult.

Preventing additional

opioid-related mortality will

likely require interventions

that address multiple deter-

minants and are tailored

to specific locations and

populations. (Am J Public

Health. Published online

ahead of print June 12,

2014: e1–e11. doi:10.2105/

AJPH.2014.301966)
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DURING THE PAST 2 DECADES,

mortality resulting from uninten-
tional prescription drug overdoses
has risen steeply in the United
States and Canada and is now
widely recognized as a major
public health problem. Deaths in-
volving prescription opioid anal-
gesics, including hydrocodone,
oxycodone, hydromorphone, and
methadone, have surpassed deaths
from heroin and cocaine com-
bined.1 In 2010, the 11th consecu-
tive year in which drug overdose
deaths increased, 75% of all phar-
maceutical overdose deaths in-
volved opioids, and prescription
opioids were involved in 16 651
deaths in the United States, a more
than 4-fold increase since1999.2---4

Although national data are un-
available for Canada, in Ontario
opioid-related mortality doubled
between 1991 and 2007, and by
2004 it was more than double the
HIV/AIDS mortality rate (27.2 vs
12 per million).5

Although this problem is most
acute in North America, it has the
potential, amid calls to increase
worldwide access to opioids,6---8

to become a serious global health
problem. Identifying the determi-
nants of increased mortality is
an essential step in reducing
opioid-related deaths in the United
States and Canada and curbing
future increases worldwide. How-
ever, although much has been
written about this phenomenon,
the evidence base is fragmented
and complex, extant reviews are
unsystematic and idiosyncratic,9---11

and media coverage is often highly
sensationalized. Our aim was to
systematically identify and review
evidence regarding determinants
of increased opioid-related mortal-
ity in the United States and Canada
between 1990 and 2013.

METHODS

In collaboration with a research
librarian, we searched 3 electronic
databases—Ovid MEDLINE (1946
through week 4 of September
2013) and MEDLINE In-process
and Other Non-Indexed Citations,
EMBASE (1988 through week 4
of September 2013), and ProQuest
ABI/INFORM Complete (1990
through week 4 of September
2013)—for articles published be-
tween January 1990 and September
2013 using the following keywords:
“opiate alkaloids,” “opiate,” “opioid,”
and “opioid-related disorders” in
conjunction with “mortality,” “fatal,”
“death,” and “inappropriate pre-
scribing.” Also, we hand searched
reference lists of relevant articles to
identify additional publications (de-
tails on the full search strategy are
provided in Appendix 1, available as
a supplement to the online version of
this article at http://www.ajph.org).

We included English-language
original research studies that pro-
vided quantitative evidence of 1
or more determinants of increased
opioid-related mortality in the
United States or Canada between
January 1990 and September
2013. We excluded case histories,
commentaries, editorials, reviews,

and articles that did not provide
original evidence of determinants
of opioid-related mortality.

Two of the authors indepen-
dently assessed all titles and ab-
stracts for inclusion and then
assessed the full text of considered
studies. All disagreements were
resolved through discussions with
the first author, who had final say
on inclusion.

We developed a standardized
data extraction form that was
piloted on 10 articles and subse-
quently revised. Two authors
independently extracted the
following information from the
articles: name of first author, geo-
graphic setting, declaration of
competing interests, prescription
opioid drugs discussed, and de-
terminants of increased prescrip-
tion opioid mortality. One of the
authors extracted the study type
for all articles. Again, all disagree-
ments were resolved through dis-
cussions with the first author, who
had final say on data extraction.

RESULTS

Our initial searches produced
3142 unduplicated titles. After
title and abstract reviews, 144
articles remained for a full text
review. After this review, 47
articles remained for inclusion
(Figure 1): 26 time-series articles,
10 case-series articles, 4 case---
control articles, 3 cross-sectional
articles, 1 case---cohort article, 1
observational cohort article, and 2
mixed-methods articles. Table 1
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provides a summary of each study
included.12---56 We could not iden-
tify a competing interest declara-
tion in 21 of the articles; among
the remainder, 24 declared none,
and 2 declared some competing
interest.

Our sample identified evidence
for 17 determinants of increased
opioid-related mortality in the
United States and Canada between
1990 and 2013. For conceptual
clarity, we grouped these determi-
nants into 3 broad categories: pre-
scriber behavior, user behavior
and characteristics, and environ-
mental and systemic determinants
(Table 2).

The most commonly identified
determinants were user behavior
and characteristics, particularly
demographic characteristics and
polydrug toxicity, and prescriber
behavior, primarily increases in
opioid prescriptions and dosages
and prescriptions for oxycodone

and methadone in particular. Note,
however, that a greater number of
studies does not imply stronger
evidence.

DISCUSSION

We found a complex, multifac-
eted, and geographically varied
web of determinants of increased
opioid-related mortality.

Prescriber Behavior

Our review identified 5 ways in
which the behavior of opioid pre-
scribers may have played a role in
increased opioid-related mortality:
prescribing more opioids, pre-
scribing higher doses of opioids,
prescribing oxycodone, prescrib-
ing methadone, and prescribing at
high volumes.
Prescription and sales of opioids.

Since the early 1990s, prescrip-
tion and sales of opioid analgesics
have risen steeply. Between 1999

and 2010, sales of prescription
painkillers to US hospitals, clinics,
and pharmacies increased 4-fold,
with an accompanying increase in
opioid-related mortality.2 The
number of opioid prescriptions
dispensed from US retail pharma-
cies increased from 174.1 million
in 2000 to 256.9 million in
2009.57 In 2006, Americans
consumed 115 272 kilograms of
opioids, more than twice as much
as in 199710; in Canada, pre-
scription opioid consumption
doubled between 2000 and
2010.58 In 2008, a Utah Depart-
ment of Health survey showed
that 21% of adults had been pre-
scribed an opioid pain medication
in the preceding 12 months.59

Prescription of opioid analgesics
for chronic noncancer pain in
particular has increased.12 Between
1980 and 2000, US prescriptions
of opioids for chronic musculo-
skeletal pain doubled, and rates for

more potent opioids quadrupled.13

According to one estimate, 9.6
million to 11.5 million adults were
on long-term opioid therapy in the
United States during 2005.60

We found 8 studies1,2,14---19 pro-
viding evidence that increased
prescriptions for opioids may
have played a role in increased
opioid-related mortality. Canadian
studies showed correlations be-
tween mortality and consumption
of 4 prescription opioids (fentanyl,
morphine, oxycodone, and hydro-
morphone) in 2 provinces1 and
correlations between opioid pre-
scribing rates and mortality rates
across Ontario counties.14 Simi-
larly, in a study of North Carolina
counties, there were correlations
between opioid sales, emergency
department visits for overdoses,
and opioid-related mortality.16

A US study also demonstrated
a state-level association between
overall opioid consumption and
drug poisoning mortality.17

Opioid dosage. As overall opioid
prescriptions have increased,
so too have prescribed dosages.
For example, a study of workers’
compensation claims in the state of
Washington showed that the av-
erage daily morphine-equivalent
dose (MED) of long-acting opioids
increased 50% between 1996
and 2002 and exceeded the rec-
ommended “red flag” dose by
2005.13

We found 7 studies5,12,20---24

providing evidence of the contri-
bution of increased dosages to
increased opioid-related mortality.
A study of social assistance recip-
ients in Ontario showed that,
between 2003 and 2008, there
were increases in the mean daily
doses of oxycodone (increase of
27.4%) and fentanyl (increase
of 14.2%) dispensed, whereas
doses remained flat for other
opioids.21 By 2008, one third of
prescriptions for long-acting

4245 articles identified through 
searches

3124 articles screened: title and 
abstract review

144 full-text articles assessed for 
eligibility

97 articles excluded: 
   5 case presentations/reviews 
   13 commentaries/editorials 
   13 conference abstracts 
   31 did not address determinants of  mortality 
   10 letters 
   7 news articles 
   2 outside North America 
   11 reviews 
   5 other 

47 articles included for qualitative 
synthesis

2980 articles excluded: not relevant or outside 
North America 

3124 articles after duplicates 
removed

FIGURE 1—Flow diagram of systematic review.

SYSTEMATIC REVIEW

e2 | Systematic Review | Peer Reviewed | King et al. American Journal of Public Health | Published online ahead of print June 12, 2014



TA
B
LE

1
—
S
um

m
ar
y
In
fo
rm
at
io
n
fo
r
A
ll
of

th
e
S
tu
di
es

in
th
e
Fi
na
l
S
am

pl
e:

R
ev
ie
w
of

O
pi
oi
d-
R
el
at
ed

M
or
ta
lit
y
in

th
e
U
ni
te
d
S
ta
te
s
an
d
C
an
ad
a,

1
9
9
0
–2
0
1
3

Au
th
or

Ye
ar

Jo
ur
na
l

Ty
pe

of
St
ud
y

Se
tti
ng

De
cl
ar
ed

Co
m
pe
tin
g

In
te
re
st

Pr
es
cr
ib
er

Be
ha
vio
r

Us
er
Be
ha
vio
r
an
d

Ch
ar
ac
te
ris
tic
s

En
vir
on
m
en
ta
la
nd

Sy
st
em
ic
Fa
ct
or
s

Al
bi
on

et
al
.2
8

20
10

Am
er
ic
an

Jo
ur
na
lo
f
Fo
re
ns
ic
M
ed
ic
in
e
an
d
Pa
th
ol
og
y

Ca
se
se
rie
s

On
ta
rio

NA
X

Bo
hn
er
t
et
al
.2
0

20
11

Jo
ur
na
lo
f
th
e
Am
er
ic
an

M
ed
ic
al
As
so
ci
at
io
n

Ca
se
–c
oh
or
t

US
No

X
X

CD
C2
9

20
05

M
or
bi
di
ty
an
d
M
or
ta
lit
y
W
ee
kl
y
Re
po
rt

Ti
m
e
se
rie
s

Ut
ah

NA
X

CD
C3
0

20
09

M
or
bi
di
ty
an
d
M
or
ta
lit
y
W
ee
kl
y
Re
po
rt

Ti
m
e
se
rie
s

W
as
hi
ng
to
n
St
at
e

½Q
2�

NA
X

CD
C2

20
11

M
or
bi
di
ty
an
d
M
or
ta
lit
y
W
ee
kl
y
Re
po
rt

Ti
m
e
se
rie
s

US
A

NA
X

X

CD
C3
1

20
12

M
or
bi
di
ty
an
d
M
or
ta
lit
y
W
ee
kl
y
Re
po
rt

Ti
m
e
se
rie
s

US
NA

X
X

CD
C3
8

20
13

M
or
bi
di
ty
an
d
M
or
ta
lit
y
W
ee
kl
y
Re
po
rt

Ti
m
e
se
rie
s

US
NA

X

Ce
rd
a
et
al
.3
9

20
13

Dr
ug

an
d
Al
co
ho
lD
ep
en
de
nc
e

Ti
m
e
se
rie
s

Ne
w
Yo
rk
Ci
ty

No
X

X

Da
sg
up
ta
et
al
.5
5

20
09

PL
oS

On
e

Ti
m
e
se
rie
s

US
Ye
s

X

Dh
al
la
et
al
.5

20
09

Ca
na
di
an

M
ed
ic
al
As
so
ci
at
io
n
Jo
ur
na
l

Ti
m
e-
se
rie
s/
ad
m
in
is
tra
tiv
e
lin
ka
ge

On
ta
rio

No

Dh
al
la
et
al
.3
7

20
11

Ca
na
di
an

Fa
m
ily
Ph
ys
ic
ia
n

Cr
os
s-
se
ct
io
na
li
nd
ivi
du
al

On
ta
rio

No
X

Du
nn

et
al
.1
2

20
10

An
na
ls
of
In
te
rn
al
M
ed
ic
in
e

Ob
se
rv
at
io
na
lc
oh
or
t

W
as
hi
ng
to
n
St
at
e

Ye
s

X
X

Fi
sc
he
r
et
al
.1

20
13

Ph
ar
m
ac
oe
pi
de
m
io
lo
gy

an
d
Dr
ug

Sa
fe
ty

Ti
m
e
se
rie
s

Br
iti
sh

Co
lu
m
bi
a,
On
ta
rio

No
X

Fr
an
kl
in
et
al
.1
3

20
05

Am
er
ic
an

Jo
ur
na
lo
f
In
du
st
ria
lM

ed
ic
in
e

Ti
m
e
se
rie
s

W
as
hi
ng
to
n
St
at
e

NA
X

Fr
an
kl
in
et
al
.2
5

20
12

Am
er
ic
an

Jo
ur
na
lo
f
In
du
st
ria
lM

ed
ic
in
e

Ti
m
e
se
rie
s

W
as
hi
ng
to
n
St
at
e

NA
X

Go
m
es

et
al
.1
4

20
11

He
al
th
ca
re
Qu
ar
te
rly

Cr
os
s-
se
ct
io
na
le
co
lo
gi
ca
l

On
ta
rio

NA
X

Go
m
es

et
al
.2
2

20
11

Ar
ch
ive
s
of
In
te
rn
al
M
ed
ic
in
e

Ca
se
–c
on
tro
l

On
ta
rio

No
X

Go
m
es

et
al
.2
1

20
11

Op
en

M
ed
ic
in
e

Ti
m
e
se
rie
s,
cr
os
s
se
ct
io
na
l

On
ta
rio

No
X

Gr
ee
n
et
al
.1
5

20
11

Dr
ug

an
d
Al
co
ho
lD
ep
en
de
nc
e

Ti
m
e
se
rie
s

Co
nn
ec
tic
ut

No
X

Ha
ll
et
al
.3
2

20
08

Jo
ur
na
lo
f
th
e
Am
er
ic
an

M
ed
ic
al
As
so
ci
at
io
n

Ca
se
se
rie
s

W
es
t
Vi
rg
in
ia

No
X

X

Jo
hn
so
n
et
al
.5
1

20
11

Pa
in
M
ed
ic
in
e

Pr
e/
po
st
,
tim

e
se
rie
s

Ut
ah

No
X

Jo
hn
so
n
et
al
.4
0

20
12

Jo
ur
na
lo
f
Ge
ne
ra
lI
nt
er
na
lM

ed
ic
in
e

Ca
se
se
rie
s

Ut
ah

No
X

La
ni
er
et
al
.2
6

20
12

Pa
in
M
ed
ic
in
e

Ca
se
–c
on
tro
l

Ut
ah

No
X

X

Li
ng
47

20
13

Ca
na
di
an

Jo
ur
na
lo
f
Ad
di
ct
io
n
M
ed
ic
in
e

Ti
m
e
se
rie
s

No
va
Sc
ot
ia

NA
X

M
ad
ad
ie
t
al
.2
3

20
13

PL
oS

On
e

Ca
se
se
rie
s

On
ta
rio

No
X

X

M
ad
de
n
an
d
Sh
ap
iro

33
20
11

Am
er
ic
an

Jo
ur
na
lo
f
Fo
re
ns
ic
M
ed
ic
in
e
an
d
Pa
th
ol
og
y

Ca
se
se
rie
s

Ve
rm
on
t

NA
X

X

M
od
ar
ai
et
al
.1
6

20
13

Dr
ug

an
d
Al
co
ho
lD
ep
en
de
nc
e

Ti
m
e
se
rie
s

No
rth

Ca
ro
lin
a

No
X

X

M
ue
lle
r
et
al
.4
1

20
06

Am
er
ic
an

Jo
ur
na
lo
f
Pr
ev
en
tiv
e
M
ed
ic
in
e

Ti
m
e
se
rie
s

Ne
w
M
ex
ic
o

No
X

Og
le
et
al
.4
2

20
12

Fo
re
ns
ic
Sc
ie
nc
e
In
te
rn
at
io
na
l

Ca
se
se
rie
s

Fl
or
id
a

NA
X

Pa
ul
oz
zi
et
al
.4
3

20
06

Ph
ar
m
ac
oe
pi
de
m
io
lo
gy

an
d
Dr
ug

Sa
fe
ty

Ti
m
e
se
rie
s

US
NA

X

Pa
ul
oz
zi2

7
20
06

Am
er
ic
an

Jo
ur
na
lo
f
Pu
bl
ic
He
al
th

Ti
m
e
se
rie
s

US
NA

X

Pa
ul
oz
zi
an
d
Ry
an

17
20
06

Am
er
ic
an

Jo
ur
na
lo
f
Pr
ev
en
tiv
e
M
ed
ic
in
e

Cr
os
s-
se
ct
io
na
le
co
lo
gi
ca
l

US
NA

X
X Co
nt
in
ue
d

SYSTEMATIC REVIEW

Published online ahead of print June 12, 2014 | American Journal of Public Health King et al. | Peer Reviewed | Systematic Review | e3



oxycodone exceeded clinical
guidelines with respect to mean
daily dose,21 and patients receiv-
ing higher doses had higher rates
of overdose, opioid-related mor-
tality, and all-cause mortality.21,22

A study of patients receiving
opioids for chronic noncancer
pain in a health maintenance or-
ganization in Washington State
also showed that the risk of over-
dose increased with increased
dosages.12 It was noted in this
study that, although overdose risk
was higher at high doses, most
overdoses occurred at low to
moderate doses because such
doses are prescribed more fre-
quently, suggesting that even the
most frequently used dose regi-
mens carry some risk.

The importance of increased
dosages is supported by evidence
indicating a dose---response rela-
tionship between maximum daily
prescribed dose and risk of
death.12,20,22,24 However, there
does not seem to be an evidence-
based threshold for what consti-
tutes a dangerously high dose.
Although some clinical guidelines
suggest an MED of 200 milligrams
per day as a “watchful dose,”
studies in our sample showed
overdose and mortality increases
at doses ranging from 40 to 200
milligrams per day MED.12,20,22,24

Prescription of oxycodone. Pre-
scription of more potent opioids,
particularly methadone and long-
acting formulations of oxycodone,
has increased most rapidly, with
associated increases in mortality.
Before 1990, weaker opioids such
as codeine and meperidine were
used more frequently than stron-
ger formulations.17 Between 1997
and 2006, US retail sales of
methadone increased 1177%,
sales of oxycodone increased
732%, and sales of fentanyl in-
creased 479%, whereas sales of
hydromorphone, hydrocodone,

and morphine increased between
196% and 274% and sales of
codeine and meperidine dropped
25% and 28%, respectively.10

Studies of workers’ compensa-
tion claims in Washington State
between 1996 and 2002 showed
that whereas overall opioid pre-
scriptions increased 25%, pre-
scriptions for the more potent
Schedule II opioids increased by
almost 250%, with an accompa-
nying increase in opioid-related
mortality.13,25 Similarly, a North
Carolina study demonstrated sig-
nificant increases in prescriptions
of oxycodone (839%), methadone,
(607%) and fentanyl (530%) and
significant decreases in prescrip-
tions of meperidene and codeine
between 1997 and 2010.16

We found 7 studies5,17,18,21,23,26,27

that provided evidence for the
contribution of prescription of
oxycodone, particularly the long-
acting formulation OxyContin, to
increased opioid-related mortality.
Long-acting opioids such as Oxy-
Contin may be particularly dan-
gerous when used recreationally:
crushing pills releases high doses
of the drug, and repeated use to
increase or maintain a narcotic
effect may lead to overdose. In
addition, recreational users may
avoid formulations that include
opioids along with acetaminophen
because of hepatoxicity.17

A study of patients in the
Ontario public drug plan between
2003 and 2008 showed that
whereas prescription rates for
long-acting oxycodone more than
doubled, rates for all other opioids
decreased or remained flat, and
opioid-related mortality increased.21

Other Ontario studies showed
that annual opioid-related mor-
tality rates increased 41% and
oxycodone-related mortality in-
creased 416% after OxyContin
was added to the provincial drug
formulary5 and that oxycodone
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was involved in one third of all
opioid-related deaths between
2006 and 2008.23

Prescription of methadone. We
found 14 studies17---19,26---36 that
provided evidence for the contri-
bution of methadone prescriptions
to increased opioid-related mor-
tality. Methadone’s unusual
pharmacology poses particular
challenges because of the small
difference between therapeutic
and toxic doses.34 There is also
some evidence that prescribers
may prefer methadone for eco-
nomic rather than clinical reasons.
Because methadone is a cheaper
generic drug, private insurers,
Medicaid, and individual clinicians
may prefer it over more expensive,
patent-protected alternatives, thus
driving increases in methadone
prescriptions.30,34,57

There is evidence that a high
proportion of opioid-related

deaths have involved methadone.
Studies conducted in Washington
State,30 Oklahoma,18 and West
Virginia32 have shown that meth-
adone is involved in higher num-
bers of deaths than any other
opioid, and a US study revealed
that methadone was involved in
twice as many single-drug deaths
as any other opioid.31 A US eco-
logical study conducted in 2002
suggested that methadone (43%)
and oxycodone (46%) explained
a large proportion of the geo-
graphic variation in opioid-
related mortality.17

Although methadone has tradi-
tionally been prescribed to combat
substance abuse in methadone
maintenance programs, it is in-
creasingly being used for its orig-
inal purpose, pain relief. We found
some evidence that the use of
methadone for pain relief has
played a role in increased

mortality. A Vermont study
showed that although the per-
centage of drug overdose deaths
that were methadone related in-
creased from 12% to 37% be-
tween 2001 and 2006, only 2
of 76 decedents were in a metha-
done maintenance program.33

A Utah study showed that,
between 1997 and 2004,
population-adjusted methadone
prescription rates increased 727%
and opioid-related mortality in-
creased 1770%. During this pe-
riod, rates of heroin abuse and
admissions to substance abuse
facilities remained unchanged,
suggesting that the increased pre-
scriptions and associated mortality
resulted primarily from prescrip-
tions for pain.19 By contrast,
a New Mexico study revealed
a slight decrease in methadone-
related deaths between 1998 and
2002 and a higher proportion of
decedents with prescriptions re-
lated to methadone maintenance
(45%).36

High-volume prescribing. The
possible contribution of high-
volume prescribing to opioid-
related mortality has received
considerable attention in the me-
dia61 and scholarly literature.2,57

Some states report problems with
so-called “pill mills,” which pre-
scribe large quantities of opioids to
patients with questionable diagno-
ses.2We found1study37 providing
evidence that high-volume pre-
scribing may have played a role in
increased opioid-related mortality.
A study of Ontario family physi-
cians showed that the top quintile
of prescribers issued opioid pre-
scriptions 4.5 times more fre-
quently than the next quintile
and wrote the final opioid pre-
scription in 63% of opioid-related
deaths. However, it is still unclear
whether high-volume prescribing
is a direct driver of increased
mortality.

User Behavior and

Characteristics

Our review identified 6 ways in
which opioid analgesic users may
have contributed to increased
opioid-related mortality, either
through behaviors (e.g., diversion,
doctor or pharmacy shopping,
polydrug use, or drug substitution)
or characteristics (e.g., sociodemo-
graphic characteristics or history
of substance abuse) that increased
their risk of opioid-related death.
Although we found evidence that
user behaviors and characteristics
contribute to risk of opioid-related
mortality, in most cases their exact
contribution to increased mortality
was unclear.
Sociodemographic characteristics.

Opioid-related mortality trends
have been marked by con-
siderable sociodemographic
differences. We found 22 stud-
ies2,12,15,18---20,24,26,28---30,32,36,38---46

that examined the contribution of
sociodemographic characteristics,
including race/ethnicity, gender,
age, socioeconomic status (SES),
and rural---urban residence, to in-
creased opioid-related mortality. In
general, opioid-related mortality
rates have been higher among men,
non-HispanicWhites and American
Indian/Alaska Natives, middle-aged
individuals, those living in rural
areas, and those of lower SES.

However, we found consider-
able heterogeneity amid these
general patterns. For example,
studies conducted in Utah,29,45

New Mexico,41 and Oklahoma18

showed that although men were
more likely to overdose, relative
increases in opioid-related mor-
tality were greater among women.
This trend was also seen nation-
ally: opioid-related mortality in-
creased 415% among women and
265% among men between 1999
and 2010.38

Several studies have noted that
demographic trends vary over

TABLE 2—Determinants of Increased Opioid-Related Mortality:

United States and Canada, 1990–2013

Determinant No. of Studiesa

Prescriber behavior

High-volume prescribing37 1

Opioid prescription or sales1,2,14–19 8

Opioid dosage5,12,20–24 7

Prescription of oxycodone5,17,18,21,23,26,27 7

Prescription of methadone17–19,26–36 14

User behavior and characteristics

History of substance abuse32,34,40,42 4

Diversion23,26,32–35 6

Doctor or pharmacy shopping23,24,32,40,48 5

Drug substitution15,43 2

Polydrug toxicity12,15,18,24,28,30,33–35,41,42,46–48 14

Sociodemographic characteristics2,12,15,18–20,24,26,28–30,32,36,38–46 22

Environmental and systemic determinants

Area urbanization or socioeconomic status2,16,32,39,50 5

Geography2,17 2

Guidelines, policies, and consensus statements5,13,25,31,49 5

Interventions51,52 2

Media coverage55 1

Prescription drug monitoring programs53,54 2

aNumber of studies in sample reporting evidence regarding determinant.
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time and according to specific
drug. For example, a New York
City study revealed that whereas
methadone-related deaths were
higher among Blacks than Whites
in 1990, this trend had reversed
by 2006. The authors suggested
that this situation may have
reflected the shift in methadone
prescriptions from substance
abuse treatment to treatment of
pain.39 A Connecticut study
showed that individuals who
overdosed on illicit drugs or
methadone were younger, less
likely to be male and White, and
less likely to live in rural areas
than individuals who overdosed
on other prescription opioids.15

Polydrug toxicity. Many dece-
dents are found with prescription
medications (particularly benzodi-
azepines and other sedatives---
hypnotics, antidepressants, and
sleep aids), alcohol, or illicit
drugs, along with 1 or more
prescription opioids, in their
bloodstreams. We found 14 stud-
ies12,15,18,24,28,30,33---35,41,42,46---48

providing evidence that polydrug
toxicity may have played a role in
increased opioid-related mortality.
Evidence suggests that increased
opioid-related mortality might be
characterized as part of an epi-
demic of polydrug mortality.

Among methadone-related de-
cedents in western Virginia, 61%
died from polydrug toxicity, with
an average of 3 substances iden-
tified.35 In Ontario, 25 of 45
methadone-related decedents had
other drugs in their systems, in-
cluding 18 with diazepam.28 A
Virginia study of opioid-related
deaths revealed that a majority
of cases involved more than 1
medication or drug, and 73% in-
volved benzodiazepines or anti-
depressants.46 Studies conducted
in Washington30 and West
Virginia34,48 also showed that
significant proportions of

opioid-related deaths involved
other drugs, particularly benzodi-
azepines and antidepressants.
Diversion. There is substantial

evidence of diversion—defined as
“the act of redistributing a drug to
individuals for whom it was not
prescribed, regardless of the re-
ceiving party’s motive”62(p308)—of
prescription opioids. Sources of
diverted opioids include individ-
uals who have received prescrip-
tions for pain or, less commonly,
have been allowed “carries” (doses
that do not have to be consumed
under observation and can be
taken home) from methadone
maintenance programs.28

We found 6 studies23,26,32---35

providing evidence that diversion
may have played a role in in-
creased opioid-related mortality.
Diversion is associated with an
increased risk of opioid-related
mortality, but rates vary according
to location, gender, age, and type
of drug. Studies in our review
demonstrated that 63% of all un-
intentional drug poisoning dece-
dents in West Virginia,32 two
thirds of methadone-related dece-
dents in Vermont33 and western
Virginia,35 56% of methadone-
related deaths in Ontario, and
40% of opioid-related deaths in
Utah26 showed evidence of diver-
sion. By contrast, an Ontario study
revealed evidence of diversion in
only 7% of opioid-related deaths
between 2006 and 2008.23

Because access to a recent pre-
scription does not rule out the
possibility that a decedent
obtained the opioid dose that
contributed to his or her death
through diversion, the role of di-
version at the population level is
often inferred from a mismatch
between the demographic profiles
of legitimate patients and dece-
dents. For example, in studies in
Utah19 and West Virginia,34 the
age profile of methadone decedents

more closely resembled that of in-
dividuals with illicit drug overdoses
as opposed to methadone prescrip-
tions.

Similarly, a study of uninten-
tional poisonings in the United
States between 1990 and 2002
noted that the gender and age
distributions (male and middle
aged) of decedents matched those
of individuals whose deaths were
caused by drugs of abuse rather
than individuals who suffered
from chronic noncancer pain, who
tend to be female and older.17

However, although there is evi-
dence that diversion is a determi-
nant of mortality, it is still unclear
whether rates of diversion have
changed during the past 2 decades
and thus are a direct driver of
increased mortality.
Doctor or pharmacy shopping.

The practices of doctor shopping
(visiting multiple physicians to
obtain prescriptions) and phar-
macy shopping (visiting multiple
pharmacies to fill prescriptions) for
prescription opioids have received
considerable attention.63 We
found 5 studies23,24,32,40,48 pro-
viding evidence that doctor or
pharmacy shopping may have
played a role in increased
opioid-related mortality. A New
Mexico study showed that risk of
overdose increased with increas-
ing numbers of prescriptions, pre-
scribers, and pharmacies visited,
with pharmacies showing the
strongest association.24 According
to a West Virginia study, the per-
centages of doctor shoppers
(25.2% vs 3.6%) and pharmacy
shoppers (17.5% vs 1.3%) were
significantly higher among
opioid-related decedents than
among living recipients of opioid
prescriptions.48

Rates of doctor shopping may
vary according to location, age,
and gender. For example, a study
conducted in West Virginia32

revealed evidence of doctor shop-
ping among 21% of decedents,
and doctor shopping was more
common among women and those
aged 35 to 44 years. By contrast,
an Ontario23 study showed evi-
dence of doctor shopping in 2% of
decedents.

Although some64,65 worry that
the availability of opioids on the
Internet might contribute to doc-
tor or pharmacy shopping, we
found no evidence that this is
a substantial determinant of
opioid-related mortality. Surveys
have shown that only 0.4% of
adults and 1% of young people of
high school age in the United
States obtain narcotics on the In-
ternet.57

History of substance abuse. We
found 4 studies providing evi-
dence that a history of substance
abuse32,34,40,42 may have played
a role in increased opioid-related
mortality. A study of methadone-
related deaths in West Virginia
showed that almost all of the
deaths involved individuals who
were current or former substance
abusers.32,34 A qualitative study
of decedents in Utah revealed
that a health care provider had
expressed concern about abuse of
opioids in a third of the cases, and
contacts or next of kin reported
substantial rates of overconsump-
tion, recreational use, and self-
medication.40

Drug substitution. Because pre-
scription medications carry
a veneer of safety and legitimacy
and lack the stigmatization that
accompanies illicit drugs, individ-
uals may be more likely to initiate
or experiment with them.15,66 We
found 2 studies15,43 providing ev-
idence that such drug substitution
may have played a role in in-
creased prescription opioid-
related mortality. A Connecticut
study showed that between 1997
and 2007, deaths from prescription
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opioids increased, whereas deaths
from heroin decreased.15 By con-
trast, a US study noted that poison-
ing deaths from prescription opioids
and illicit drugs have increased
concurrently, although this investi-
gation could not exclude substitu-
tion as a possibility.43

Environmental and Systemic

Determinants

Our review identified 6 envi-
ronmental and systemic determi-
nants that may have contributed
to changes in opioid-related mor-
tality: guidelines, policies, and
consensus statements; area ur-
banization or SES; geography; in-
terventions; prescription drug
monitoring programs (PDMPs);
and media coverage. In many
cases, these determinants may
have influenced the behavior of
physicians and users, including
behaviors identified in previous
sections.
Guidelines, policies, and

consensus statements.Many articles
have emphasized the impact of
changes in pain management phi-
losophy and practice, as physicians
were encouraged not to allow
fears of abuse, addiction, and ad-
verse effects to interfere with their
prescribing opioids43 and to pre-
scribe stronger analgesics for
chronic noncancer pain.30 Since
the early 1990s, patient advocacy
groups and professional organiza-
tions have lobbied for increased
use of opioids to treat pain,55

which has led to the implementa-
tion of guidelines, policies, and
consensus statements endorsing
expanded prescription of opi-
oids.32 In 1997, the American
Academy of Pain Medicine and
the American Pain Society issued
a joint consensus statement,67 and
the American Society of Anesthe-
siologists issued practice guide-
lines,68 endorsing use of opioids
for chronic pain. In the following

decade, US consumption of meth-
adone, oxycodone, and hydroco-
done increased 13-, 9-, and 4-fold,
respectively.32

We found 5 studies5,13,25,31,49

providing evidence that guide-
lines, policies, and consensus
statements may have played a role
in increased opioid-related mor-
tality. An Indiana study showed
increases in the number of calls to
a poison control center involving
adolescents and opioids, as well as
the number of medical complica-
tions and deaths related to opioids,
during the 7 years after the release
of the 2000 Joint Commission on
Accreditation of Healthcare Orga-
nizations pain standards, which
made adequate pain management
a clinical performance measure.
All 15 deaths in the study oc-
curred after the release of these
standards.49

A study of workers’ compensa-
tion claims in Washington State
revealed a shift from Schedule III/
IV to Schedule II opioids, an in-
creased average dose of long-
acting opioids, and increased
opioid-related mortality during the
6 years after the 1996 release of
guidelines that reversed the state
policy limiting use of opioids for
chronic pain.13 A follow-up study
showed declines in total numbers
of prescriptions, the proportion of
claimants receiving opioids, dos-
ages, and eventually opioid-related
mortality following the introduc-
tion of a new guideline in 2007
that included a “yellow flag” warn-
ing dose threshold of 120 milli-
grams per day MED.25

More recently, a US study pro-
vided evidence suggesting that
federal regulations may have
affected the country’s methadone-
related mortality trends.31 In
November 2006, the Food and
Drug Administration issued warn-
ings about the careful prescribing
of methadone and revised the

interval for the recommended
starting dosage; in addition, in
January 2008, at the request of the
Drug Enforcement Administration,
manufacturers limited distribution
of the largest methadone formula-
tion (40 mg). Methadone-related
mortality peaked in 2007 and then
decreased in 2008 and 2009,
paralleling the decrease in the
amount of methadone distributed.
Area urbanization or

socioeconomic status. We found 5
studies2,16,32,39,50 providing evi-
dence that area urbanization or
SES may have played a role in
increased opioid-related mortality.
A US study showed substantial
variation and change over time
in the spatial patterning of
opioid-related mortality: in 1999,
large central metropolitan areas
had the highest opioid-related
mortality rates, and noncore areas
had the lowest rates; by 2004,
noncore areas had the highest
rates and had seen the largest
relative increase during that time
period.50

A spatial analysis in New York
City also showed that clustering
of opioid-related mortality
changed over time and varied
according to type of drug. Al-
though methadone-related
fatalities were concentrated in
neighborhoods with high income
inequality, high poverty rates, and
lower median incomes from 1990
to 2006, the clustering of other
opioid-related fatalities shifted
during this period and, by 2000,
was concentrated in neighbor-
hoods with high income inequality
but lower poverty rates.39 A spa-
tial analysis of North Carolina
counties in 2010 revealed that
opioid sales and overdoses were
more frequent in rural than urban
counties.16

Geography. We found 2 stud-
ies2,17 providing evidence that
geographic factors may have

played a role in increased
opioid-related mortality. A US
study showed that drug poisoning
mortality rates varied 8-fold be-
tween states, as did opioid con-
sumption (methadone, 13-fold;
oxycodone, 7-fold; overall, 4-
fold).17 Another study showed that
prescription opioid sales ranged
from 3.7 (Illinois) to 12.6 (Florida)
kilograms per 10 000 population,
and opioid-related mortality rates
ranged from 5.5 (Nebraska) to 27
(New Mexico) per 100 000 popu-
lation.2 The exact causes of these
geographic variations are unclear.
Interventions. Recently, several

jurisdictions have implemented
interventions targeted at reducing
opioid-related mortality. We
found 2 studies51,52 providing ev-
idence that interventions may
have played a role in opioid-
related mortality trends. A Massa-
chusetts study showed that
implementation of overdose
education and naloxone distribu-
tion programs in communities
significantly reduced fatal over-
dose rates while having no effect
on nonfatal overdoses.52 Another
study in Utah noted that, in the
2 years following implementation
of the state’s Prescription Pain
Medication Program (which con-
sisted of a media campaign and
revised clinical guidelines), there
was a 14% drop in opioid-related
deaths, although this evidence
was suggestive rather than
definitive.51

Prescription drug monitoring
programs. Beginning in 2002,
many states implemented pre-
scription drug monitoring pro-
grams, which collect prescription
and dispensation information for
controlled substances.57 We
found 2 studies53,54 providing
evidence that PDMPs may have
played a role in opioid-related
mortality trends. In theory, PDMPs
should reduce the overall
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availability of opioids by discour-
aging doctor shopping and high-
volume prescribing. However, the
evidence is mixed. One study sug-
gested that New York State½Q1� ’s lower
opioid mortality relative to that of
Pennsylvania might be due to
a stricter and better-funded
PDMP.54 However, a national ob-
servational study revealed no
correlation between PDMPs and
mortality or prescription rates.53

An additional study noted that,
given the minimal amount of evi-
dence of doctor shopping for
methadone, PDMPs may be of
limited use for predicting risk of
overdose.35

Media coverage. The increase in
opioid-related mortality has re-
ceived considerable media cover-
age, which may in turn have had
an impact on mortality rates. We
found 1 study55 providing evi-
dence that media coverage may
have played a role in increased
opioid-related mortality. A
time-series analysis showed that
increased media coverage of opi-
oids preceded increased rates of
opioid poisoning mortality by 2 to
6 months and accounted for 88%
of the variation in mortality.55 The
authors speculated that coverage
often amounted to “inadvertent
endorsements of prescription drug
abuse,” thus increasing the popu-
larity of opioids. Several studies
have also speculated that in-
creased media coverage may lead
to “diagnostic suspicion bias,” as
medical examiners and coroners
screen more carefully for opioids
as a cause of death or report
poisoning at lower blood
levels,27,43,55 although another
study revealed little evidence of
such practices.50

Quality of Evidence and

Methodological Challenges

The majority of studies in
our review were ecological or

observational and lacked control
groups or adjustment for con-
founding factors, making inference
of causation between determi-
nants and opioid mortality diffi-
cult. We found few investigations
with a study design adequate to
identify specific causes of opioid-
related mortality increases in any
geographic region. In our sample,
only 5 of the 47 studies5,16,49,52,55

were explicitly designed to pro-
vide quantitative evidence that
a particular determinant was as-
sociated with increases in
opioid-related mortality. We
found many more studies that,
although framed by discussions of
mortality increases, examined de-
terminants of mortality rather
than mortality increases and sug-
gested possible causes of such in-
creases. Further research on the
exact causes of opioid-related
mortality increases is needed.

Researchers have noted a num-
ber of other methodological chal-
lenges. Determining exact cause
of death is often difficult,11,62,69

particularly in cases involving
methadone.69 Prescription data
are proprietary, and data on ad-
verse events are held privately.57

There is some inconsistency in
International Classification of Dis-
eases codes for drug poisoning, as
well as a lack of standardization
in drug categorization and termi-
nology57 and coroners’ reports.36,55

Identification of diversion and doc-
tor shopping is particularly difficult
because it generally relies on inter-
views with contacts or on proxies
such as having a prescription in the
preceding 30 days.

Generalizing from specific
studies to national trends or
cross-national comparisons seems
inadvisable given the population
and regional variation in determi-
nants of opioid-related mortality
we found across studies. As noted,
the contribution of determinants

such as doctor shopping, diver-
sion, and sociodemographic
characteristics to opioid-related
mortality may vary considerably
across space, over time, and be-
tween populations. Despite these
variations, we have observed cases
in the literature in which data from
several local studies are combined
and presented as if they were
nationally representative.56

Although we classified deter-
minants into 3 categories for con-
ceptual clarity, we should note that
they may interact and mutually
influence one another. For exam-
ple, changes in guidelines, policies,
or regulations may influence the
quantity and dosage of opioids
prescribed.25,32 Similarly, in-
creased opioid prescriptions com-
bined with a lack of physician
training may lead to increased
opioid diversion,33,41 and media
coverage of opioid-related mortal-
ity may influence and be influenced
by the behaviors of physicians and
users.49,55

The increase in opioid-related
mortality has been marked by
wide sociodemographic inequal-
ities,2 but our review revealed
surprisingly little evidence re-
garding causes of these patterns.
For example, we found no studies
focusing on specific causal factors
for the wide racial/ethnic differ-
ences in opioid-related mortality,
although some did note that these
differences match the pattern for
medical and nonmedical use of
opioid pain relievers,2 an observa-
tion that is supported by research
on racial/ethnic inequalities in
pain management.70---74 Further
research into the causes of socio-
demographic inequalities in
opioid-related mortality is needed.

Limitations

Our study had several limita-
tions. First, we did not perform
a formal quality assessment of the

articles. Second, conducting
a search with different search
terms or similar terms in different
databases can yield a different
sample of articles. Consultation
with a reference librarian im-
proved our ability to capture rel-
evant studies, but it is possible that
some articles were missed. Third,
we used broad inclusion and ex-
clusion criteria to capture the
largest possible number of studies,
necessitating substantial discre-
tionary judgment. Our title review
and extraction of data in duplicate
reduced but did not entirely
eradicate this potential bias. As
with any review, limitations of the
review methodology should be
considered when interpreting the
results.

Conclusions

To our knowledge, this is the
first systematic review of the de-
terminants of opioid-related mor-
tality in North America. Our
review identified a diverse and
regionally variable set of determi-
nants of increased opioid-related
mortality in the United States and
Canada during the past 2 decades,
including prescriber behaviors,
user behaviors and characteristics,
and environmental and systemic
determinants. These determinants
operate independently but inter-
act in complex ways that vary
according to time, geography, and
population.

A number of commentaries,
editorials, and reviews have ar-
gued that phenomena not dis-
cussed in this review—including
prescriber error and lack of
training11,57,75 and patient error
and nonadherence11—have been
significant determinants of in-
creases in opioid-related mortality.
We found no evidence to support
these claims. However, absence of
evidence should not be taken to
imply evidence of absence.
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Our review identified signifi-
cant limitations in the evidence
base for determinants of increased
opioid-related mortality. Re-
searchers in this area face sub-
stantial methodological hurdles.
Few studies in our sample had
a study design adequate for robust
causal inference or tested the sen-
sitivity of their results to method-
ological choices, and most studies
focused on small populations or
geographic areas. Researchers and
decision-makers should exercise
caution in drawing larger general-
izations from this work, and fur-
ther research on the exact causes
of mortality increases and in-
equalities in different populations
is needed.

To date, US federal government
efforts to reduce opioid-related
mortality have emphasized moni-
toring and securing the supply of
scheduled drugs,76 as well as
implementing prescriber and pa-
tient education programs through
the Food and Drug Administra-
tion’s risk evaluation and mitiga-
tion strategy.77 Our review of the
evidence suggests that a more
multifaceted response is war-
ranted. Although some recom-
mend focusing on single factors
such as physician competence11 or
user mental health,78 curbing
opioid-related mortality will likely
require novel, multisectoral public
health approaches that address
multiple determinants of in-
creased mortality.79,80

Widespread mortality from
prescription opioids currently ap-
pears to be restricted to North
America. However, although con-
sumption of opioid analgesics has
increased sharply in the United
States and Canada, untreated pain
remains prevalent worldwide,
and global inequalities in opioid
availability are widespread and
well documented. Without access
to adequate pain management,

600 million people alive today are
likely to experience negative
health effects caused by untreated
pain.8 Canada and the United
States rank first and second in per
capita opioid use, together con-
suming the majority of global
supplies of hydrocodone (99.9%),
oxycodone (87.3%), morphine
(60.1%), and methadone
(51.8%).81 By contrast, strong
opioids are unavailable in more
than 150 countries,82 and, when
they are available, they often cost
more in low- and middle-income
countries.8,83 An estimated 5.5
billion people live in countries
with little or no access to opioids,
and global opioid consumption
would increase 6-fold if all coun-
tries had adequate access.84

Given these global inequalities,
many have called for increased
worldwide access to effective pain
management, particularly opioid
analgesics.7,8,83,85---89 Addressing
the global burden of untreated
pain and improving access to opi-
oids in resource-poor settings are
top priorities. However, our re-
view indicates that improved opi-
oid access worldwide, particularly
for chronic noncancer pain, could
in some cases lead to increased
opioid-related mortality. Given the
evidence of the role of diversion in
opioid-related mortality, we might
expect some proportion of these
deaths to occur as “collateral
damage” among individuals with-
out legitimate prescriptions. We
encourage clinicians, public health
officials, and policymakers to con-
sider evidence-based prevention
efforts, tailored to different popu-
lations and geographic areas, as
a complement to increased access
to opioids. j
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