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Abstract

Background: The United States is currently facing 2 epidemics: sustained morbidity and
mortality from substance use and the more recent COVID-19 pandemic. We tested the hypothesis
that the pandemic has disproportionately affected individuals with substance use disorder by
evaluating average daily 9-1-1 ambulance calls for substance use-related issues compared with all
other calls.

Methods: This was a retrospective cross-sectional analysis of 9-1-1 ambulance calls before and
after the start of COVID-19 in Massachusetts. We used consecutive samples of 9-1-1 ambulance
calls, categorized into those which were substance-related or not. An interrupted time series
analysis was performed to determine if there were changes in numbers of daily calls before

a statewide declaration of emergency for COVID-19 (February 15-March 9, 2020), from the
emergency declaration until a stay-at-home advisory (March 10-March 22, 2020) and following
the stay-at-home advisory (March 23-May 15, 2020).

Results: Compared with prior to the statewide emergency, the post-statewide emergency average
of daily ambulance calls decreased from 2,453.2 to 1,969.6, a 19.7% decrease. Similarly, calls for
substance-related reasons decreased by 16.4% compared with prior to the statewide emergency.
However, despite an initial decrease in calls, after the stay-at-home advisory calls for substance
use began increasing by 0.7 (95% confidence interval (Cl) 0.4-1.1) calls/day, while calls for other
reasons did not significantly change (+1.2 (95% CI -0.8 to 3.1) calls/day). Refusal of transport
for substance-related calls increased from 5.0% before the statewide emergency to 7.5% after the
declaration (p< 0.001).

Conclusions: After an initial decline in substance-related ambulance calls following a statewide
declaration of emergency, calls for substance use increased to pre-COVID-19 levels, while
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those for other reasons remained at a lower rate. The results suggest that COVID-19 is
disproportionately affecting individuals with substance use disorder.

Keywords
emergency medical services; substance use; opioids

Background

The United States is experiencing 2 simultaneous epidemics. The opioid epidemic, first
proclaimed by the Centers for Disease Control and Prevention (CDC) in 2011 and later

as a national public emergency by the White House in 2017, claimed about 400,000 lives
between 1999 and 2017 (1, 2). Substance use disorder-related overdose resulted in more
than 67,000 deaths in 2018 alone (3). Meanwhile, through mid-August 2020 the COVID-19
pandemic has tragically claimed over 170,000 lives during its rapid spread (4).

The impacts of these 2 epidemics are not mutually exclusive. It can be expected that the
consequences of substance use disorder, including instability of housing, jobs and food,

will be exacerbated by COVID-19. In addition to the fear, anxiety and personal economic
stressors brought on by this pandemic, COVID-19 may make it more difficult for individuals
with substance use disorders to receive care and access social supports critical for recovery
(5). As in-person group meetings have been limited, the New York Times has labeled the
COVID-19 pandemic “a national relapse trigger” (6). There are early signals that COVID-19
has led to a massive 42% decrease in emergency department (ED) visits from its start to the
end of April 2020 (7). Although some of this decline was in categories that may have been
acceptable to treat in alternative settings such as otitis media and superficial injuries, there
are also indications that visits for chest pain and myocardial infarction declined, indicating
that patients may be delaying care instead of coming to the emergency department (ED) (7).
This may be the case for individuals with substance use disorder and overdose, too. There
are further considerations as well. As an example, COVID-19 has changed the landscape

of the illicit drug market, including variability in the potency of drugs people are using
based on the available supply chain and a shift of drug use to other types of drugs, such as
methamphetamine (8).

As society is rapidly trying to understand and mitigate the effects of COVID-19 on
individuals with substance use disorders, early data are essential. One important data
source is ambulance trip data from emergency medical services (EMS) agencies. Such
information can demonstrate epidemiologic shifts in frequency of reported illness and
provide information concerning utilization patterns.

In this study, we used the Massachusetts Ambulance Trip Information System (MATRIS),
which records all 9-1-1 ambulance calls in the state to determine if COVID-19 had an effect
on ambulance calls for drug use and intoxication (substance-related) compared with overall
ambulance 9-1-1 calls. We hypothesized that the widespread community shut-down advisory
occurring after the statewide declaration of emergency was associated with an increase in
substance-related calls but decreases in other common reasons for ambulance use relative to
pre-COVID-19 trends.
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This was a retrospective observational study of all 9-1-1 ambulance calls from February
15, 2020 to May 15, 2020 in the state of Massachusetts, where a state of emergency was
declared on March 10, 2020 followed by a broad stay-at-home advisory on March 23, 2020
(9). For the purposes of this study, the pre-COVID-19 period was defined as February 15
to March 9, 2020. The COVID-19 period was defined as March 10, 2020 to May 15, 2020.
Information for every EMS call during the study period was entered into MATRIS by local
EMS agencies. We defined an EMS call as any EMS dispatch for which patient contact
occurred, regardless of whether the patient was ultimately transported. The deidentified data
were provided to our research team from the state Department of Public Health. The study
was deemed “not human subjects research” by the Partners Healthcare Institutional Review
Board.

To determine the reason for each ambulance call, we programmed a hierarchical schema
based on prior work (10). We further collapsed these to create 10 broad categories (Table 1).
We were provided with data for dispatch chief complaint (recorded by the 9-1-1 dispatcher),
symptom complaint and clinical impression (recorded by the EMS provider). Clinical
impression documented by EMS personnel is thought to be the most accurate reason for
transport and was used to categorize reason for transport, if present. If not present, then
dispatch reason was used, followed by symptom complaint.

For the category of drug use and intoxication (referred to as “substance-related calls”),

we chose all categories related to substance use (Appendix A). Nonspecific reasons, such

as “altered mental status” and “weakness” were not included as they are not specific to
substance use. This methodology allowed comparison of calls for all substance use-related
complaints. To further study the effect of opioid overdose, we also chose a subset of calls
that were specific to opioids (boldface in Appendix A) but acknowledge that this likely
missed some opioid-related calls that were coded with a nonspecific code (such as “Drug
Overdose Accidental (T50.901A)” and “Substance - Unspecified Overdose (T50.90)”). EMS
providers are also sometimes unable to determine the exact substance used, and for this
sub-analysis we only included those specifically coded as opioid-related.

We analyzed differences in demographics (age and gender) between 9-1-1 calls for
substance-related calls and all other reasons, excluding those with missing reasons. We also
examined calls where the individual refused transport to determine if there was a difference
before and during COVID-19. Categorical variables were compared with Chi-square test and
continuous variables were compared with Student’s t-test.

To assess the impact of COVID-19 on trends of substance use and nonsubstance use-
related 9-1-1 calls, we conducted a three period interrupted time series analysis (ITSA)
that included the pre-COVID-19 period, the period between the statewide emergency
and the stay-at-home advisory (March 10, 2020 to March 22, 2020), and the period
during COVID-19 following the stay-at-home advisory. ITSA projects the trend from the
pre-intervention period into the post-intervention period to hypothesize what would have
happened to trends in 9-1-1 calls without the statewide emergency declaration or stay-at-
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home advisory. We used a segmented ordinary least squares regression with a time variable
indicating the number of days from February 15, 2020. We assessed autocorrelation using
the Ljung-Box test and added a lag term as indicated. We evaluated if the state of emergency
and stay-at-home advisory were associated with changes in level (intercept change or

level change) and trend (slope change). We performed this analysis for a) all 9-1-1 calls
except for substance-related calls and b) calls for substance-related reasons. As a subset
analysis, we performed the analysis for just categories specific to opioid use, recognizing
that other categories such as “substance use” also contained EMS runs for opioid use. For
this graph, we included all patients who had the variable of interest in any of the clinical
impression or dispatch categories. For example, if dispatch reason was “opioid overdose”
and clinical impression was “cardiac arrest,” the call would be included. Statistical analyses
were performed with Stata IC (version 15.1; StataCorp, College Station, TX, USA) and JMP
(version 14; SAS Institute, Cary, NC, USA).

Table 1 demonstrates the reason for EMS calls before and after the statewide emergency
declaration for COVID-19. Overall, daily average calls decreased from 2,453.2 to 1,969.6,
a 19.7% decrease. The smallest decrease was seen for respiratory complaints (-1.7%)

and the largest decrease was for obstetric/gynecological emergencies (—30.2%). Calls for
substance-related issues decreased overall by 16.4%.

Table 2 compares characteristics of all calls exclusive of those for drugs/intoxication (n
=179,827) and those for drugs/intoxication (n = 10,615), excluding those with missing
reasons for transport (n = 396). For nondrug-related transports, there were small but
significant changes in patient demographics (slightly older and more likely to be male in

the COVID-19 period). The percentage of patients who refused transport increased from
10.9% to 15.0%, and the percentage of patients who were declared dead at scene doubled
(0.6-1.2%). For drug-related transports, there was no detectable difference in patient age

or sex. There was also no significant difference in the percentage declared dead at scene.
However, refusal of transport increased from 5.0% pre-COVID-19 to 7.5% in the COVID-19
period.

Figure 1 demonstrates trends in ambulance transports in the 3 specified time periods
estimated with ITSA. For nondrug-related calls (Panel A), there was no significant change
in daily calls prior to the statewide emergency (+3.6 calls/day, 95% CI —-6.5 to 13.7).
Between the statewide emergency and stay-at-home advisory, there was a nonsignificant
level decrease of —31.7 calls/day (95% CI —230.0 to 166.6) and a decreasing trend of
-51.5 (95% CI —64.8 to —38.1) calls/day. After the stay-at-home advisory, relative to the
pre-COVID-19 period, there was a level increase of 122.6 (95% CI 2.0 to 243.1) calls/day
with no significant trend in calls/day (+1.2 calls/day, 95% CI -0.8 to 3.1).

For substance-related calls (Panel B), there was likewise no significant change in daily
EMS calls prior to the statewide emergency (+1.0 calls/day, 95% CI —0.2 to 2.2). Between
the statewide emergency and stay-at-home advisory, there was a significant level decrease
in the number of calls/day (-3.3, 95% CI —6.4 to —1.3) and a sustained decreasing trend
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in substance-related calls of —2.9 calls/day (95% CI -5.2 to —0.6). However, after the
stay-at-home advisory, there was a nonsignificant decrease in level (-16.2, 95% CI -40.5 to
8.1) followed by an increasing trend of 0.7 calls/day (95% CI 0.4 to 1.1). Near the end of
that period, daily average calls had reached similar levels to the pre-COVID-19 period.

Figure 2 demonstrates the number of daily calls for all substance-related issues excluding
opioids and those defined specifically as opioid related transports. As previously described,
it is almost certain that there are opioid-related transports contained in the category not
specific for opioids.

Discussion

In this study, evaluating EMS calls before and after a statewide declaration of emergency
for COVID-19, we discovered that the trend of daily calls initially decreased, with a
significant drop in the number of daily calls after the statewide emergency compared to

the pre-COVID-19 period. However, about 2 weeks later, when a stay-at-home advisory was
issued, the patterns of substance-related calls and those not related to substance use appear
to diverge: calls for nonsubstance-related issues remained at a new, lower level, while those
for substance-related issues increased substantially, approaching baseline pre-COVID-19
numbers near the end of the study period.

These results confirm prior hypotheses in the literature (11-13). Given that social stressors
that likely disproportionately affect patients with substance use disorders (e.g., homelessness
or lack of food or job security) would be expected to increase with COVID-19, so too
should ambulance dispatches for these reasons (14). A recent study of patients with HIV

and concurrent substance use disorder reported increased illicit substance use and contact
with other substance-using individuals and decreased attendance at recovery meetings
contemporaneous with COVID-19 (15).

The results of our study are interesting to compare with a study from Kentucky, a state
which has also been greatly affected by substance use disorder, demonstrating a 17%
increase in the number of EMS opioid-related calls after a statewide COVID-19 emergency
declaration (16). The study also demonstrated a 71% higher refusal of transport rate during
COVID-19 compared with the prior period. Our refusal rate increased by 50% (from 5.0—
7.5%), indicating that in both states patients were hesitant to come to the hospital during the
COVID-19 outbreak.

The increase in EMS refusal of transport is consistent with other studies. A survey by

the American College of Emergency Physicians/Morning Consult discovered that 80% of
individuals surveyed were concerned about contracting COVID-19 from another patient or
visitor if they needed to go to the ED (17). While the initial mortality of patients who refuse
transport immediately after naloxone reversal is low (18), this increase in refusal rate is
nevertheless concerning, and the one-year mortality of individuals who survive an opioid
overdose is quite high (19). In part to address this concern, Massachusetts implemented an
EMS protocol for “Leave-Behind Naloxone,” in which when a patient refuses transport, the
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patient and/or an accompanying individual can be given a naloxone kit and instructed on its
use (20).

There are several additional findings of note. The first is that the demographics of substance-
related calls appear to be lower than those of nonsubstance-related transports. The average
age for substance-related calls was around 40 and over two-thirds were male, while for
nonsubstance-related calls the average age was over 50 and had about equal sex distribution
for nonsubstance-related calls. We were also curious to see if transport times varied given
the need for EMS providers to don personal protective equipment. For substance-related
transports, there was no difference from dispatch to care complete (about 42 minutes in both
periods). Although the finding was not significant, the percentage of patients declared dead
at scene was 0.1% in the pre-COVID-19 period and 0.2% in the COVID-19 period. The fact
that this doubling did not reach statistical significant may be due to small sample size but
does warrant further study, particularly evaluating if providers were more hesitant to provide
naloxone or to perform CPR for fear of aerosolization.

This study has several limitations that must be considered. The study was retrospective and
based on administrative data completed during a prehospital encounter, which were then
divided into categories. Misclassification errors are possible. This is statewide data and may
not necessarily reflect trends in other states or regions of the United States due to differences
in baseline opioid use disorder rates and policies. We were not able to separate the reason
for substance-related calls, as EMS providers generally choose nonspecific reasons for
transport, such as “overdose” or “substance use.” For the opioid-related analysis, we likely
missed cases that were coded as nonspecific, for example “overdose” or “substance use.”
Finally, our data only extend through May 15, 2020 and further trends after this time may
have developed.

Conclusions

After an initial decline in substance-related ambulance calls following a statewide
declaration of emergency, calls for substance use increased while calls for other reasons
remained lower than pre-COVID-19 levels. These findings confirmed our hypothesis that
patients with substance use disorders are likely disproportionately affected by the secondary
effects of the COVID-19 pandemic, reaching pre-COVID-19 levels of EMS use while
overall EMS use remained low. Communities should be aware of these vulnerable patients
and can consider providing continuing access to treatment and support groups (even if only
virtual) and novel interventions such as leave-behind naloxone.
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Appendix A.

List of clinical impressions, complaints and dispatch reasons defined as

substance-related calls. Definitions in bold represent those specific to

opioids

Adverse effect of other drugs, medicaments and biological substances, initial encounter
(T50.995A)

Adverse effect of other primarily systemic and hematological agents (T45.8 x 5)
Adverse effect of unspecified agents primarily affecting the gastrointestinal system (T47.95)

Adverse effect of unspecified drugs primarily affecting the autonomic nervous system
(T44.905)

Adverse effect of unspecified drugs, medicaments and biological substances, initial
encounter (T50.905A)

Adverse effect of unspecified nonopioid analgesic, antipyretic and antirheumatic, initial
encounter (T39.95XA)

Adverse effect of unspecified primarily systemic and hematological agent (T45.95)
Adverse effect of unspecified systemic antibiotic (T36.95)

Alcohol abuse (F10.1)

Alcohol abuse with intoxication (F10.120)

Alcohol abuse with intoxication, unspecified (F10.129)

Alcohol abuse with other alcohol-induced disorder (F10.188)

Alcohol abuse, uncomplicated (F10.10)

Alcohol dependence (F10.2)

Alcohol dependence with alcohol-induced psychotic disorder with delusions (F10.250)
Alcohol dependence with alcohol-induced psychatic disorder with hallucinations (F10.251)
Alcohol dependence with intoxication delirium (F10.221)

Alcohol dependence with intoxication, unspecified (F10.229)

Alcohol dependence with withdrawal (F10.23)

Alcohol dependence with withdrawal delirium (F10.231)
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Alcohol dependence with withdrawal, uncomplicated (F10.230)
Alcohol dependence, uncomplicated (F10.20)

Alcohol detox/withdrawal

Alcohol intoxication

Alcohol related disorders (F10)

Alcohol use, unspecified (F10.9)

Alcohol use, unspecified with intoxication, unspecified (F10.929)
Alcohol use, unspecified with other alcohol-induced disorder (F10.988)
Cannabis abuse (marijuana) (F12.10)

Cannabis related disorders (F12)

Cannabis use, unspecified, uncomplicated (F12.90)

Cocaine abuse (F14.10)

Cocaine related disorders (F14)

Drug induced acute dystonia (G24.02)

Drug overdose accidental (T50.901A)

Drug overdose intentional (T50.902A)

Drug use effects (T88.7)

Dystonic reaction (G24.0)

EENT - Pin point pupils (H57.03)

ETOH abuse

Ingestion/poisoning

Intoxication, alcohol (F10.92)

Opioid abuse (F11.10)

Opioid dependence with withdrawal (F11.23)

Opioid related disorders (F11)

Opioid use, unspecified with unspecified opioid-induced disorder (F11.99)
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Opioid use, unspecified with withdrawal (F11.93)

Other psychoactive substance abuse with intoxication, unspecified (F19.129)

Other psychoactive substance abuse, uncomplicated (F19.10)

Other psychoactive substance dependence with intoxication, uncomplicated (F19.220)
Other psychoactive substance dependence, uncomplicated (F19.20)

Other psychoactive substance related disorders (F19)

Other psychoactive substance use, unspecified with intoxication, unspecified (F19.929)

Other psychoactive substance use, unspecified with unspecified psychoactive substance-
induced disorder (F19.99)

Other psychoactive substance use, unspecified with withdrawal (F19.93)

Other psychoactive substance use, unspecified with withdrawal, unspecified (F19.939)
Other psychoactive substance use, unspecified, uncomplicated (F19.90)

Other stimulant use, unspecified with intoxication, uncomplicated (F15.920)
Overdose

Overdose, drugs/poisoning (T50.904)

Overdose/poisoning/ingestion

Poisoning by 4-aminophenol derivatives, intentional self-harm, initial encounter
(T39.1X2A)

Poisoning by amphetamines, undetermined (T43.624)

Poisoning by cannabis (derivatives), accidental (unintentional), initial encounter
(T40.7X1A)

Poisoning by cannabis (derivatives), undetermined (T40.7 x 4)

Poisoning by cocaine, accidental (unintentional), initial encounter (T40.5X1A)
Poisoning by cocaine, undetermined (T40.5 x 4)

Poisoning by diagnostic agents, accidental (unintentional), initial encounter (T50.8X1A)
Poisoning by diagnostic agents, intentional self-harm, initial encounter (T50.8X2A)
Poisoning by heroin, accidental (unintentional), initial encounter (T40.1X1A)

Poisoning by heroin, undetermined (T40.1 x 4)
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Poisoning by methadone, undetermined (T40.3 x 4)

Poisoning by opium, undetermined (T40.0 x 4)

Poisoning by other drugs, medicaments and biological substances, undetermined (T50.994)
Poisoning by other opioids, accidental (unintentional), initial encounter (T40.2X1A)
Poisoning by other opioids, accidental (unintentional), sequela (T40.2X1S)

Poisoning by other opioids, undetermined (T40.2 x 4)

Poisoning by other synthetic narcotics, undetermined (T40.4 x 4)

Poisoning by salicylates, undetermined (T739.094)

Poisoning by unspecified antidepressants, intentional self-harm, initial encounter
(T43.202A)

Poisoning by unspecified antiepileptic and sedative-hypnotic drugs, undetermined (T42.74)

Poisoning by unspecified drugs, medicaments and biological substances, accidental
(unintentional), initial encounter (T50.901A)

Poisoning by unspecified drugs, medicaments and biological substances, intentional self-
harm (T50.902)

Poisoning by unspecified drugs, medicaments and biological substances, undetermined
(T50.904)

Poisoning by unspecified drugs, medicaments and biological substances, undetermined,
initial encounter (T50.904A)

Poisoning by unspecified narcotics, accidental (unintentional), initial encounter (T40.601A)
Poisoning by unspecified narcotics, intentional self-harm, initial encounter (T40.602A)
Poisoning by unspecified narcotics, undetermined (T40.604)

Poisoning by unspecified narcotics, undetermined, initial encounter (T40.604A)

Poisoning by unspecified psychodysleptics [hallucinogens], undetermined (T40.904)
Poisoning by unspecified psychostimulants, accidental (unintentional) (T43.601)

Poisoning by unspecified psychotropic drug, undetermined (T43.94)

Poisoning by, adverse effect of and underdosing of amphetamines (T43.62)

Poisoning by, adverse effect of and underdosing of benzodiazepines (T42.4)

Prehosp Emerg Care. Author manuscript; available in PMC 2022 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Weiner et al.

Page 11

Poisoning by, adverse effect of and underdosing of diuretics and other and unspecified
drugs, medicaments and biological substances (T50)

Poisoning by, adverse effect of and underdosing of other and unspecified drugs,
medicaments and biological substances (T50.9)

Poisoning by, adverse effect of and underdosing of other and unspecified narcotics (T40.6)

Poisoning by, adverse effect of and underdosing of other drugs, medicaments and biological
substances (T50.99)

Poisoning/drug ingestion

Psychoactive substance abuse (F19.10)

Substance - Alcohol dependence with withdrawal (F10.239)

Substance - Alcohol use, with intoxication (F10.92)

Substance - Cannabis related (F12.9)

Substance - Cocaine related (F14.9)

Substance - Hallucinogen related (F16.9)

Substance - Heroin overdose (T40.1)

Substance - Inhalant related (F18.9)

Substance - Nonspecified sedative, hypnotic or anxiolytic related (F13.9)
Substance - Opioid related (F11.9)

Substance - Poisoning by cannabis derivatives/synthetic (K2) (T40.7)
Substance - Poisoning: Overdose of medication (intentional self-harm/suicidal) (T50.992)

Substance - Poisoning: Overdose of unspecified medication/substance (accidental)
(T50.901)

Substance - Psychoactive substance related (F19.9)

Substance - Unspecified overdose (T50.90)

Substance - Drug abuse

Substance - Drug abuse

Toxic effect of unspecified substance, intentional self-harm, initial encounter (T65.92XA)

Unspecified adverse effect of drug or medicament, initial encounter (T88.7XXA)
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Panel A: Non-drug-related calls
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Figurel.
Interrupted time series analysis of the number of ambulance calls prior to COVID-19

(February 15, 2020 to March 9, 2020), between the statewide emergency and the stay-at-
home advisory (March 10, 2020 to March 22, 2020) and after the stay-at-home advisory
(March 23, 2020 to May 15, 2020), for nonsubstance-related calls (Panel A) and substance-
related calls (Panel B).
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Figure 2.

Daily ambulance trips for substance use-related calls, excluding opioids (dark gray), and

those specifically for opioids-related reasons (light gray).
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