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Objectives. To demonstrate the severity of undercounting opioid-involved deaths in
a local jurisdiction with a high proportion of unspeciﬁed accidental poisoning deaths.
Methods. We matched toxicology data to vital records for all accidental poisoning
deaths (n = 1238) in Marion County, Indiana, from January 2011 to December 2016. From
vital records, we coded cases as opioid involved, speciﬁed other substance, or unspeciﬁed. We extracted toxicology data on opioid substances for unspeciﬁed cases, and
we have reported corrected estimates of opioid-involved deaths after accounting for
toxicology ﬁndings.
Results. Over a 6-year period, 57.7% of accidental overdose deaths were unspeciﬁed
and 34.2% involved opioids. Toxicology data showed that 86.8% of unspeciﬁed cases
tested positive for an opioid. Inclusion of toxicology results more than doubled the
proportion of opioid-involved deaths, from 34.2% to 86.0%.
Conclusions. Local jurisdictions may be undercounting opioid-involved overdose
deaths to a considerable degree. Toxicology data can improve accuracy in identifying
opioid-involved overdose deaths.
Public Health Implications. Mandatory toxicology testing and enhanced training for
local coroners on standards for death certiﬁcate reporting are needed to improve the
accuracy of local monitoring of opioid-involved accidental overdose deaths. (Am J Public
Health. Published online ahead of print October 25, 2018: e1–e6. doi:10.2105/AJPH.
2018.304683)

T

he United States has experienced a dramatic increase in drug overdose deaths
in the most recent reporting period (2015–
2016), which is attributable to a rise in opioidinvolved deaths.1 Despite these trends, a considerable number of drug overdose deaths
remain unspeciﬁed (i.e., have no substance
indicated as a primary or contributing cause
of death), which is thought to lead to undercounting of opioid-involved deaths nationally.2 In 14 states, at least one ﬁfth of accidental
drug overdose deaths are unspeciﬁed.3
Although a considerable amount of federal,
state, and local resources has been mobilized
to address the opioid epidemic, the inability
to accurately measure fatal opioid-involved
overdoses remains a barrier to evaluating
the effectiveness of policies and programs
aimed at addressing this public health crisis.
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Having a system that relies on local coroners and medical examiners to accurately
record opioid substances on death certiﬁcates
contributes to high rates of unspeciﬁed
overdose deaths. The Centers for Disease
Control and Prevention’s wide-ranging
online surveillance data for epidemiological
research are commonly used in national reports. These data employ International Classiﬁcation of Disease, Tenth Revision (ICD-10)4
codes to standardize the classiﬁcation of causes

of death. The National Center for Health
Statistics (NCHS) collects these data and uses
software to classify information from death
certiﬁcates and to determine underlying
causes of death.5
However, this process is not ideal for
detecting when opioids may have contributed
to an overdose, even considering the availability of toxicology results. For example,
if a coroner or medical examiner does not
write the speciﬁc name of an opioid analgesic,
or writes no name at all, the drug poisoning
will be coded with an “unspeciﬁed” substance as a contributing factor. This practice
is especially problematic when polysubstance use is indicated as a contributing
cause of death, resulting in undercounting
of accidental overdose deaths for 2 or more
substances. Current best practices recommend that all substances implicated in a
polysubstance overdose be listed individually on the death certiﬁcate,6 enabling
the NCHS to classify and count them
appropriately.
Reliance on local jurisdictions to accurately record death certiﬁcate data has resulted
in extreme state-level variability in the proportion of drug overdose deaths classiﬁed as
unspeciﬁed. For example, more than one
third of accidental overdose deaths are coded
as unspeciﬁed in Louisiana, Pennsylvania,
Alabama, Montana, Indiana, and Delaware,
whereas less than 1% are coded as unspeciﬁed
in Washington, DC, Connecticut, and
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Rhode Island.3 This variation is largely the
result of state policies on the death certiﬁcate
system; speciﬁcally, states with a centralized
medical examiner have a lower rate of unspeciﬁed drug-poisoning deaths than do those
with a decentralized coroner system.7 The
difference is that states with a decentralized
coroner system do not require medical training, and there is little oversight in how deaths
are investigated, including whether a toxicology analysis is conducted or reported.7–9
To date, previous approaches aimed at
correcting the undercounting of opioidinvolved deaths have relied on predictive
modeling of national population-level surveillance data to impute the proportion
of opioid-involved unspeciﬁed overdose
deaths.2,10,11 These investigations have
yielded corrected rates of opioid-involved
deaths that are 20.9% to 40.8% higher than
published national estimates in any particular year (i.e., 2011–2015).2,10,11 Despite
the importance of such investigations in national opioid surveillance efforts, they are not
without limitations. Primarily, predicted
probabilities are subject to a margin of error, as
evidenced by variability in corrected estimates. Further, reliance on population-level
data to infer individual trends has come under
recent criticism as contributing to ecological
fallacies (i.e., inferences about individuallevel trends from group-level data).12
In the context of opioid surveillance, the
use of national population data carries several
assumptions, including that individual speciﬁed poisoning deaths are accurately coded as
non–opioid involved and that speciﬁc drug
classes are accurately captured in existing data
sources. Finally, because these analyses are
conducted at the national and state levels, they
have limited utility for local surveillance efforts. This is particularly true in a decentralized coroner system in which the impetus for
improving opioid surveillance will need to be
driven by local coroners. Accurate monitoring of local opioid trends is essential for
informing the allocation of resources for interventions aimed at addressing the opioid
epidemic (e.g., naloxone distribution, syringe
exchange, treatment options).
We addressed these limitations by conducting a county-level case study of substances detected in unspeciﬁed accidental
poisoning deaths using toxicology data as
a criterion. The state of Indiana relies on
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a decentralized coroner system and is frequently ranked among the top 5 states with
high proportions of unspeciﬁed overdose
deaths.3,11 Marion County (Indianapolis) is
the state’s largest county and accounts for
a considerable 22% of all accidental drug
overdose deaths. Through a collaboration
with the local Marion County Coroner’s
Ofﬁce (MCCO), we collected toxicology
data on all accidental drug overdose cases
from 2011 to 2016. By matching toxicology
data to vital records to determine substances
detected in unspeciﬁed drug overdose cases,
we have provided an accurate correction
for opioid-involved deaths in a large local
jurisdiction that could be easily replicated
in other localities and that illustrates the need
for improved local surveillance efforts.

METHODS
The toxicology data in this study come
from the MCCO, which has jurisdiction over
all drug-related overdoses and associated death
certiﬁcates. Once a death is suspected to be
a coroner’s case (e.g., deaths from accidental
injuries, homicides, suicides, work-related
deaths, deaths owing to therapeutic complications, or deaths about which there are
doubts), the coroner initiates a case report for
that individual, documenting demographic
information, autopsy results, personal history
gathered from interviews with close relatives or
friends, and information contained in medical
records. A preliminary cause of death is marked
at this time pending toxicology results, which
are routinely completed and available 4 to 6
weeks after the sample is submitted. The
medical examiner reviews the toxicology results and combines them with the autopsy
report. The coroner reviews these results
to determine the cause of death. This information is recorded in the cause of death
section on the death certiﬁcate and sent to the
Indiana State Department of Health, which
submits vital records to NCHS to assign
ICD-10 codes.
Through an ongoing collaboration with
the MCCO, we collected data from death
certiﬁcates and toxicology screening reports
for all fatal overdoses in Marion County. For
each fatal overdose, 2 researchers independently coded the information from these 2
sources, and a senior reviewer conducted
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ongoing random accuracy checks. The toxicology reports that the MCCO provides rely
on a detection threshold established by the
testing agency that registers as positive when
a substance exceeds the threshold. For cases
before March 9, 2016, the Indiana State
Department of Toxicology outsourced toxicology testing for opioids to AXIS Forensic
Toxicology (formerly AIT Laboratories).13
Testing thresholds in place during this period
were 0.5 nanograms per milliliter and 0.5 to
5.0 nanograms per milliliter for fentanyl and
opioid compounds, respectively. For cases
processed during the remainder of the study
period (i.e., March 10, 2016, to December 31,
2016), toxicology testing was outsourced to
NMS Labs. Speciﬁc detection thresholds
varied by compound, but detection thresholds were generally more sensitive than were
screening tests conducted by AXIS Forensic
Toxicology.14
We used positive toxicology results,
which were determined by detection
thresholds set by the testing agency, as the
criterion for an opioid-involved accidental
drug overdose. We extracted data on several
opioid substances from the toxicology reports: 6-monoacetylmorphine ([6-MAM]
a heroin metabolite), fentanyl (and synthetic
analogs), morphine, codeine, oxycodone,
hydrocodone, oxymorphone, and hydromorphone. One limitation of toxicology data
is the inability to determine the presence of
6-MAM in a heroin-related overdose because
heroin undergoes rapid transformation into
natural opioids (mainly morphine). However,
codeine has been found in trace amounts in
heroin-involved deaths, but unlike morphine, codeine is not a metabolite of heroin.
In the absence of 6-MAM, morphine to
codeine ratios in excess of 1 can be used to
provide evidence of heroin use.15,16 However, in this study, all cases containing morphine and codeine additionally contained
6-MAM and thus were counted as heroin
cases.17 We coded cases into 3 categories:
prescription opiates, heroin, and fentanyl.
Importantly, these categories are not mutually
exclusive, as cases can contain all 3 substances.
We linked toxicology data from January 1,
2011, through December 31, 2016, to vital
records data from the Indiana Death Registration System containing ICD-10 codes
for both underlying causes of death and
contributing codes (n = 1313). When an
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accidental drug overdose death is not assigned
any contributing factors, it is considered
unspeciﬁed in terms of cause of death (as
inferred from toxicology ﬁndings). In other
cases, there may be several substances detected
in a toxicology report (i.e., a polydrug overdose), and for these cases no single substance is
listed as the contributing cause, also resulting
in an unspeciﬁed code (i.e., T50.9). Following the National Vital Statistics System
guidelines, we determined which cases were
coded as an accidental drug poisoning (X40X-44) and, of these cases, which had additional contributing opioid-related ICD-10
codes (e.g., T40.0, T40.1, T40.2, T40.3,
T40.4, or T40.6) or an unspeciﬁed code
(T50.9). We identiﬁed accidental drugpoisoning ICD-10 codes for 94.3% (n =
1238) of the toxicology cases collected during this 6-year study. The remaining cases
were either transferred out of county or determined to be nonaccidental drug-poisoning
deaths.
On the basis of vital records, we classiﬁed
all accidental drug-poisoning deaths as either
unspeciﬁed, opioid involved, or speciﬁed
other. Unspeciﬁed cases were cases in which
no single substance was indicated by ICD-10
codes. That is, unspeciﬁed cases were coded as
accidental drug poisoning (X40-X44) but

contained only an unspeciﬁed contributing
cause code (T50.9). Opioid-involved cases
included cases for which at least 1 opioid was
indicated as a primary or contributing case of
death, regardless of whether other, nonopioid
substances were indicated by ICD-10 codes.
Speciﬁed other cases included all cases for
which a speciﬁc substance was indicated by
ICD-10 codes but no opioid analgesics were
coded. Following classiﬁcation, we conducted frequencies by category and year.
Next, we examined the frequency of opioids
detected in toxicology reports among unspeciﬁed and speciﬁed other cases. Finally,
following linkage of toxicology data and vital
records, we recoded unspeciﬁed and speciﬁed
other cases as opioid involved on the basis of
whether an opioid was detected at threshold
levels in toxicology reports, consistent with
recommended guidelines from the National
Association of Medical Examiners regarding
polysubstance deaths.6 From these data, we
produced generated corrected frequencies by
category and year.

RESULTS
As illustrated in Figure 1, the number of
accidental drug overdose deaths in Marion

County more than doubled during the study
period, from 133 in 2011 to 272 in 2016. For
all annual estimates, accidental overdose
deaths in Marion County were more likely
to be coded as unspeciﬁed (range: 48.5%–
62.5%) than as opioid involved (range:
29.0%–41.9%). On average, over the 6-year
study period, 57.7% of accidental drug
overdose cases were unspeciﬁed whereas
34.2% were coded as opioid involved. The
proportion of cases classiﬁed as opioid involved was relatively consistent over the
6-year period, apart from 2016, when there
was a 38.3% increase in the rate of opioidinvolved deaths relative to 2015.
Next, we examined toxicology results to
determine the threshold level of substances
detected in unspeciﬁed cases. As shown in
Figure 2, 86.8% (n = 620) of cases coded as
unspeciﬁed during the study period tested
positive for an opioid in the toxicology report. We found a steady decline in the
presence of prescription opiates—in both
total counts and percentage detected—in
unspeciﬁed cases, from 62.2% (n = 46) in
2011 to 29.5% (n = 39) in 2016. The proportion of heroin detections varied over time,
with a growth in detections from 2011
(29.7%; n = 22) to 2014 (47.9%; n = 67) and
fewer detections in 2015 and 2016 (41.2%;
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FIGURE 1—Accidental Drug Overdose Deaths on the Basis of Coroner Death Certiﬁcate Records: Marion County, IN, 2011–2016
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FIGURE 2—Opioids Detected in Toxicology Reports Among Unspeciﬁed Accidental Drug Overdose Cases: Marion County, IN, 2011–2016

n = 115 for both years). However, there were
dramatic changes in the detection of fentanyl
in unspeciﬁed cases from 5.4% (n = 4) in 2011
to 51.5% (n = 68) in 2016, representing an
853.7% increase over the study period. Critically, despite increases in accidental drug
overdose deaths and changes in the types of
opioid substances detected, the proportion of
unspeciﬁed cases with detected opioids was
less variable over time (range: 79.2%–94.7%)
relative to individual substance trends.
Finally, Figure 3 replicates Figure 1 and
additionally indicates the number of unspeciﬁed cases or speciﬁed other cases that
were opioid involved according to toxicology
data. As shown, across all years, consideration
of toxicology data alone generated a greater
number of opioid-involved cases than originally indicated by ICD-10 codes (51.9% vs
34.2%, respectively). Excluding speciﬁed
other accidental poisoning deaths that were
opioid involved, there were still more
opioid-involved cases in unspeciﬁed cases
(50.1%) than in those reported by ICD-10
codes alone. Including toxicology results
more than doubled the total proportion of
opioid-involved deaths across the study period, from 34.2% to 86.0%, representing
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a 151.5% increase in the rate of opioidinvolved accidental overdose deaths over
the 6-year period, or 642 additional cases.
Moreover, adjusted rates of opioid-involved
deaths were comparable across the 6-year
period, ranging from 80.5% (2013) to
89.5% (2015), despite the previously referenced 38.3% increase in the proportion
of reported opioid-involved deaths from
2015 to 2016.

DISCUSSION
Through toxicology and vital record
linkage, we have demonstrated the severity of
undercounting opioid-involved accidental
overdose deaths over a 6-year period in
Marion County, Indiana. Inclusion of toxicology data more than doubled the proportion of opioid-involved deaths over the
study period. Our results may be particularly
meaningful for statewide opioid surveillance
in Indiana, where comparable proportions of
accidental drug overdose deaths are coded as
unspeciﬁed. Our ﬁndings suggest that up to 9
in 10 accidental drug overdose deaths may be
opioid involved and raise the possibility that
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researchers could produce more accurate
counts of opioid-involved deaths by treating
all unspeciﬁed accidental poisoning deaths as
opioid involved rather than relying solely on
cases coded as opioid involved.
Few published adjusted estimates of
opioid-involved deaths have produced a
correction as disparate from reported deaths
as our study. To illustrate, corrected national
rates of opioid-involved deaths are 20% to
30% higher than are reported rates in any
speciﬁc year.2 On a state level, Louisiana has
been given the most disparate corrected rate
of opioid-involved deaths (125% higher than
reported rates), following by Pennsylvania
(108.2%), Mississippi (107.9%), and Alabama
(107.1). Indiana, by comparison, has a corrected rate that is 104.3% higher (i.e., slightly
more than double) than the reported rate.11
By contrast, in this study, the corrected rate
produced by toxicology records was 151%
higher—or 2.5 times greater—than the reported rate for Marion County. There are at
least 2 possible explanations for our ﬁndings.
First, there may be considerable variability in
the proportion of opioid-involved deaths in
local jurisdictions, as evidenced by comparably large jurisdictions reporting high rates
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FIGURE 3—Accidental Overdose Deaths on the Basis of Coroner Death Certiﬁcate Records and Toxicology Reports: Marion County, IN,
2011–2016

of opioid-involved deaths (e.g., Allegheny
County).18 Second, our ﬁndings may underscore the limitations of national data sets in
accurately counting opioid deaths—even
when few unspeciﬁed accidental overdose
deaths are noted because of differences in local
reporting.19
Of relevance to current surveillance efforts, our results suggest that recent increases
in opioid-involved deaths may indicate improved tracking of opioid-involved deaths
rather than being true increases. After accounting for toxicology data, our analysis
showed a fairly stable proportion of opioidinvolved deaths across the 6-year period.
Importantly, although the county reported
a more than one third increase in the proportion of opioid-involved deaths in the most
recent reporting period (2015–2016), the true
proportion of opioid-involved deaths
according to toxicology results was nearly
identical in 2015 and 2016 (89.5% and 88.6%,
respectively). Examination of toxicology results by substance points to improved fentanyl
detection and monitoring as a potential explanation for these trends. In particular, we
observed a massive increase in fentanylrelated deaths over the study period, with
a large jump between 2015 and 2016,
commensurate with a substantial increase in
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the proportion of reported opioid-involved
deaths. Nationally, fentanyl-related opioid
overdose deaths have doubled during this
period1; recent research suggests that this
growth is largely attributable to the increasing
availability of illicit fentanyl, which is often
consumed unknowingly by users.20
More broadly, these trends suggest the
need for improved local monitoring of
opioid-involved deaths. In decentralized
county-based coroner systems especially,
coroners are less likely to use toxicology services and often lack a standardized structure for
death investigations, which increases variability
in reporting across jurisdictions and contributes
to high proportions of reported unspeciﬁed
overdose deaths.7,9 One way to address this
issue in a decentralized system is to require the
use of toxicology results to test for the presence
of controlled substances. Kentucky passed this
type of legislation in 2012, and Indiana passed
similar legislation in 2018. However, Kentucky’s legislation has not resulted in reductions in the number of unspeciﬁed drug
overdose cases,21 but it has given rise to an
injury research prevention center that examines
trends in the reported toxicology data to increase the accuracy of reporting.
Reducing the number of unspeciﬁed
drug overdose deaths requires efforts
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beyond simply conducting toxicology testing. Rather, how toxicology ﬁndings are
incorporated into cause of death determinations is paramount. Current evidence-based
guidelines recommend that toxicology ﬁndings be used to specify all substances involved in
polysubstance overdose deaths on the death
certiﬁcate.6 As our ﬁndings suggest, adherence
to this recommendation is likely to drastically
increase the proportion of opioid-involved
deaths in jurisdictions with high proportions of
unspeciﬁed drug overdose deaths. However,
determining threshold levels of drug concentrations responsible for cause of death is
complicated by postmortem redistribution of
substances,22,23 tolerance levels of decedents,
drug interactions, and drug metabolism.6 Although we relied on positive drug identiﬁcation to determine opioid-involved deaths,
drug concentrations as causal factors in suspected overdose deaths should be investigated
in consultation with a decedent’s medical
history, circumstances of death, and autopsy
ﬁndings.6

PUBLIC HEALTH IMPLICATIONS
Overall, local efforts to appropriately
prioritize and allocate resources for the
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opioid epidemic remain stymied by inaccurate counting of opioid-involved deaths.
Jurisdictions with decentralized county
coroner systems may need to engage efforts
beyond legislation to improve local opioid
surveillance. Training protocols and standards
for death certiﬁcate reporting have been developed for use by county coroners, who are
on the front lines of opioid surveillance and
who are increasingly overwhelmed by the
sheer volume of overdose-related deaths.24,25
These approaches, however, require local and
regional resources to ensure proper implementation. Improved local surveillance is
a necessary precursor to the development
and implementation of targeted strategies
aimed at curbing the opioid epidemic.
The increasing prevalence of illicit fentanyl
in local drug markets necessitates communitybased solutions to this epidemic, which may
include additional penalties for the distribution
of illicit fentanyl, increased availability of
high-dosage naloxone, and more community
treatment options for opioid addiction (e.g.,
medication-assisted treatment).26,27 Despite
diversion of resources at the national level
to curtail the opioid epidemic, such broadreaching strategies are unlikely to reach full
effectiveness without accurate, timely, and
responsive monitoring and intervention by
those on the frontlines of this epidemic.
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