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Abstract We described the change in drug overdoses
during the COVID-19 pandemic in one urban emergen-
cy medical services (EMS) system. Data was collected
from Marion County, Indiana (Indianapolis), including
EMS calls for service (CFS) for suspected overdose,
CFS in which naloxone was administered, and fatal
overdose data from the County Coroner’s Office. With
two sample t tests and ARIMA time series forecasting,
we showed changes in the daily rates of calls (all EMS
CFS, overdose CFS, and CFS in which naloxone was
administered) before and after the stay-at-home order in
Indianapolis. We further showed differences in the
weekly rate of overdose deaths. Overdose CFS and
EMS naloxone administration showed an increase with
the social isolation of the Indiana stay-at-home order,
but a continued increase after the stay-at-home order
was terminated. Despite a mild 4% increase in all
EMS CFS, overdose CFS increased 43% and CFS with
naloxone administration increased 61% after the stay-at-
home order. Deaths from drug overdoses increased by
47%. There was no change in distribution of age,
race/ethnicity, or zip code of those who overdosed after
the stay-at-home order was issued. We hope this data
informs policy-makers preparing for future COVID-19
responses and other disaster responses.
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Introduction

The overdose epidemic persists as one of the most
pressing public health issues in the United States
(U.S.). The majority of deaths from overdoses are opi-
oid-related, though the specific type of opioid varies
[1–3]. Over time, increases in overdoses were initially
linked to opioid pain analgesics but shifted to illicit
opioids, such as heroin and fentanyl [2, 4–7]. More
recently, public health officials and healthcare providers
have noted a sharp increase in overdose deaths associ-
ated with illicit synthetic substances, specifically co-
caine and methamphetamines, in urban areas [6–8].

Some evidence suggests that spikes have occurred in
opioid overdoses in several jurisdictions across the U.S.
during the COVID-19 pandemic [9–18]. To date, no
national data exist to assess the impact to overdose events
of the COVID-19 pandemic. Different theories exist to
explain the observed increase in overdose deaths during
the COVID-19 pandemic. Drug trafficking patterns likely
changed secondary to disrupted travel and international
social distancing guidelines. With the changes in drug
trafficking, it is possible that illicit drugs differing in
purity and potency are being manufactured locally and
by individuals. In light of widespread social distancing,
individual patterns of drug use may have changed. Drug
users may be using drugs alone more often and using
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drugs more frequently. Rising unemployment rates may
also drive up the frequency of drug use.

Using emergency medicine calls for service (CFS) and
suspected accidental drug overdose deaths from the same
jurisdiction (Marion County, Indiana), we comprehen-
sively examine changes in overdose deaths after
COVID-19 stay-at-home measures were implemented.
Specifically, we analyze differences in the daily rate of
CFS, including overdose CFS andCFS inwhich naloxone
was administered, and the weekly rate of overdose deaths
before and after the stay-at-home order in Indianapolis.

Data and Analytic Method

The data used in this study comes fromMarion County,
Indiana, home to Indianapolis, the state capital, and the
17th most populous city in the U.S. We analyze four
types of events: (1) all Indianapolis Emergency Medical
Services (IEMS) calls for service (CFS), (2) the subset
of calls for service where with primary or secondary
provider impression was overdose, (3) the subset of
IEMS calls for service where naloxone was adminis-
tered, and (4) fatal overdose events (data provided by
the Marion County Coroner’s Office, which contain all
suspected accidental overdose deaths). For those events
pending toxicology testing, circumstantial information
such as scene investigation, medical history, and social
history from the coroner’s reports was used to determine
deaths likely secondary to drug overdose. Data on CFS
including total number of CFS, provider impression,
and naloxone administration was abstracted from the
IEMS medical record system, ESO. Most EMS CFS in
which naloxone was administered had a provider im-
pression of overdose. However, in some overdose CFS,
naloxone was not administered as it was not indicated
by the IEMS protocol, which only directs naloxone
administration for respiratory depression [19].

For this study, we examined data from January 1,
2019 through July 24, 2020. The stay-at-home order for
Indiana started on 11:59 p.m. March 24, 2020. We
perform 2 sample t tests to detect a difference in means
of the daily rate of each event type before and after the
initial stay-at-home order date (for overdose deaths, we
analyze weekly rate). We separately consider two dif-
ferent pre-pandemic periods: (1) the 122-day period
directly preceding the stay-at-home order (matching
the 122-day period after the order) and (2) the period

from March 25, 2019 to July 24, 2019 (to assess the
robustness of the t test against seasonal effects).

The rationale behind using the t test is that, under the
null hypothesis, the daily rate of events has the same
mean before and after the stay-at-home order went into
effect. However, the t test additionally assumes that
daily event counts are independent. Urban event data
can exhibit autocorrelation and seasonal effects that can
also produce a temporary change in the rate of events.
To assess whether this is the case, we additionally fit
autoregressive integrated moving average (ARIMA)
forecasting models [20] to the time series of daily event
counts leading up to 11:59 p.m. March 24, 2020. We
then inspected the accuracy of the forecast over the
period March 25, 2020 to July 24, 2020. Death data
was only available through July 7, 2020. ARIMAmodel
parameters were selected using the Akaike Information
Criterion [21]. Statistical analyses were performed in R.

Results

In Table 1, we display the results for the t test for a
difference in the daily rate of events before and after the
stay-at-home order (pre-period defined as period directly
precedingMarch 25, 2020). We observe rate increases of
61.0% (naloxone administration) and 43.0% (primary or
secondary EMS provider impression of overdose) that
are both significant. Drug overdose deaths are also higher
by 47.0%. Overall calls for service were up by 4.0%.

In Table 2, we display results for the t test for a
difference in the daily rate of events before and after the
stay-at-home order, where the pre-period is instead defined
as March 25, 2019 to July 24, 2019 (to assess for seasonal
variation). In this case, we observe rate increases of 90.0%
(naloxone administration), 30.0% (primary or secondary
EMS provider impression of overdose), and 104.0%
(overdose deaths). In the second t test, the difference in
means of total daily CFS is not statistically significant.

To assess the robustness of our results against the
independence assumptions of the t test, we fit
autoregressive integrated moving average (ARIMA)
forecasting models to the time series of daily event
counts leading up to the shut-down. We then inspect
the accuracy of the forecast over the period March 25,
2020 to July 24, 2020. In Fig. 1, we observe that the time
series of overdoses in which naloxone was administered
and all overdose CFS are well above the 99% confi-
dence interval of the forecasted daily rate of events from
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mid-April through mid-July. We note that the rate of
overdose CFS increases between implementation of the
stay-at-home order and staged reopening in Indiana.
Even after the staged reopening, CFS for overdose and
CFS in which naloxone was administered persisted
above last year’s levels. In the case of deaths from
overdoses, there is a several-week period in between
the stay-at-home order and full reopening when the
weekly event rate is above the 99% confidence bounds
of the ARIMA forecast. The observed time series of all
EMS CFS, on the other hand, is well within the 99%
confidence bounds of the ARIMA forecast.

In Table 3, we display counts of EMS overdose CFS,
disaggregated by age, race/ethnicity, and zip code, be-
fore and after the stay-at-home order. We observe that
the percentage of overdose CFS of each particular age
group does not significantly change before or after the
stay-at-home order. For example, overdose calls where
the individual is below 30 years of age comprise 33.9%
of overdose calls before the stay-at-home order and
30.3% of overdose calls after. We also do not observe
significant effects due to race/ethnicity or zip code.

Discussion

We used data from the EMS electronic medical records
and the coroner’s office tomeasure changes in the rates of
overdose CFS and deaths after implementation of the

COVID-19 stay-at-home order. The increases we
observed—CFS in which naloxone was administered
and overdose deaths—are consistent with recent studies
[16, 22]. Looking at several micro datasets in the same
jurisdiction, our study additionally revealed that increases
in overdoses were consistent across age and racial/ethnic
groups, as well as spatially in high-volume zip codes.

The COVID-19 pandemic is rapidly changing, as is
the social response. The data reported in this analysis
come from a major U.S. city 122 days after the stay-at-
home order. These results might look different as time
elapses, in different jurisdictions, or with different over-
dose measures; to that end, we have provided the nec-
essary steps for replication or model specification.

Interestingly, while rates of overdose-related CFS
and deaths increased after the stay-at-home order was
implemented, they continued to increase after the
staged reopening began. The trend in the data sug-
gests possible early dissipation of the increase in
opioid-related calls and deaths as statewide
reopening continues. This suggests that the increases
we observe are secondary to social distancing. Fur-
thermore, the spike appears consistent across rage,
age, and space, suggesting similar patterns of abuse
to pre-COVID-19 isolation, but with increasing in-
tensity. Law enforcement data may be able to offer
further insight into changes in illicitly trafficked sub-
stances and whether it mirrored the overdose rates we
appreciated.

Table 1 Two sample t tests for a difference in means in the daily rate of events pre- and post-stay-at-home order. The pre-period is defined
as the 122-day period directly preceding the stay-at-home order on March 25, 2020.

Mean (pre) Mean (post) Std. err t stat. p value

Overdose (naloxone administered) 6.4 10.3 0.434 8.989 < 0.001

Overdose (all EMS provider impression of overdose) 10.6 15.2 0.552 8.286 < 0.001

All EMS 321.0 334.5 3.384 3.979 < 0.001

Overdose deaths* 8.4 12.4 1.326 2.971 0.006

*Weekly instead of daily rate

Table 2 Two sample t tests for a difference in means in the daily rate of events before and after the stay-at-home order. The pre-period is
defined as March 25, 2019 to July 24, 2019

Mean (pre) Mean (post) Std. err t stat. p value

Overdose (naloxone) 5.4 10.3 0.440 11.089 < 0.001

Overdose (all) 11.7 15.2 0.595 5.839 < 0.001

All EMS 333.3 334.5 3.563 0.338 0.736

Overdose deaths* 6.1 12.4 1.179 5.359 < 0.001

*Weekly instead of daily rate
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Fig. 1 Daily observed EMS CFS (black curve) in which naloxone
was administered (top left), daily rate of all overdose CFS (top
right), daily rate of all EMS CFS (lower left), and drug overdose
deaths per week (lower right). Blue vertical lines indicate the stay-
at-home order date (March 25, 2020) and the beginning of

reopening in Indianapolis (May 16, 2020). Red shaded region
indicates 99% confidence interval for ARIMA forecast over the
period after the stay-at-home order (estimated using data up
through March 24, 2020)

Table 3 Counts of EMS overdose calls for service, disaggregated by age, race/ethnicity and zip code (top 5 by volume), before and after the
stay-at-home order on March 25, 2020

Count (pre) % (pre) Count (post) % (post)

Age < 30 1654 33.9 556 30.3

30–40 1481 30.4 624 34.0

40–50 843 17.3 313 17.0

50–60 585 12.0 235 12.8

60+ 313 6.4 108 5.9

Race/Ethn. Black 1479 30.2 494 26.6

Other 141 2.9 51 2.7

White 3274 66.9 1314 70.7

Zip code 46201 568 11.6 221 11.9

46203 400 8.2 153 8.2

46204 226 4.6 61 3.3

46218 262 5.4 128 6.9

46219 311 6.4 108 5.8

Other 3127 63.9 1188 63.9
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It is worth noting that although we focused on
patient-centered factors, response factors may have
played a role in some of the increases we saw. Multiple
reports have noted that law enforcement was reluctant to
administer naloxone during the COVID-19 pandemic
[23, 24]. As law enforcement is often the first to arrive
on the scene, fewer administrations of naloxone by law
enforcement may have led to some inflation in the rates
of naloxone administration by EMS [25].

Our study is not without limitations. We are using
routinely collected EMS electronic medical record
data as surrogate measures of overdose and opioid-
related overdose. Moreover, our fatal overdose data
are suspected overdose events but lack confirmation
with toxicological testing. Although we do not have
the toxicology results on the overdose deaths, recent
published rates suggest more than 80% of accidental
overdose deaths are opioid-related [26]. Furthermore,
while this study highlights changes in overdoses and
naloxone administration by EMS, it does not attempt
to describe changes in volumes of patients who over-
dose but do not interact with the EMS system. Nal-
oxone is often prescribed upon discharge from the
hospital and can be readily purchased at pharmacies.
This study does not capture home naloxone use with-
out a subsequent EMS CFS. Despite these limita-
tions, our study presents data, methods, and analysis
that can be replicated with similar secondary data in
other EMS jurisdictions.

Conclusion

Experts suggest an imminent second surge of COVID-
19 in the U.S. Frontline treatment providers should be
engaged in mitigation of overdose events that increase
during the stay-at-home order. Our data supports imple-
mentation of critical public health and harm reduction
strategies for substance use, particularly during times of
social isolation and subsequent reopening. Those should
include widely available naloxone and buprenorphine
with telehealth follow-up.
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