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Abstract

Purpose: Mandatory COVID-19 shelter-in-place (SIP) orders have been imposed to

fight the pandemic. They may also have led to unintended consequences of increased

use of controlled substances especially among rural communities due to increased

social isolation. Using the data from the American Association of Poison Control Cen-

ters, this study tests the hypothesis that the poison control centers received higher

rates of calls related to exposures to controlled substances from rural counties than

they did from urban counties during the SIP period.

Methods: Call counts received by the poison control centers between October 19,

2019 and July 6, 2020 due to exposure to controlled substance (methamphetamine,

opioids, cocaine, benzodiazepines, and other narcotics) were aggregated to per-

county-per-month-per-10,000 population exposure rates. A falsification test was

conducted to reduce the possibility of spurious correlations.

Findings:During the study period, 2,649 counties in the United States had mandatory

SIP orders. The rate of calls reporting exposure to any of the aforementioned con-

trolled substances among the rural counties was higher (14%; P= .047) relative to the

urban counties. This overall increasewas due to increases in the rates of calls reporting

exposure to opioids (26%; P= .017) andmethamphetamine (39%; P= .077).Moreover,

the rate of calls reporting exposures at homewas also higher among the rural counties

(14%; P= .069).

Conclusion: The mandatory SIP orders may have had an unintended consequence of

exacerbating the use of controlled substances at home in rural communities relative to

urban communities.
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INTRODUCTION

The COVID-19 pandemic has caused marked human suffering and

societal burden, with many countries around the world continuing to

struggle with the rapidly spreading virus. One of the most commonly

adopted methods by governments to prevent the spread of the virus

during early periods of the pandemic has been mandatory shelter-in-

place (SIP) orders, which seeks to limit physical interactions in the

population by requiring individuals to remain in their homes.1–4 One

criticism of mandatory SIP orders has been that it may lead to unin-

tended adverse behavioral health outcomes.5,6 Specifically, concerns

have been expressed about the possibility that SIP may increase the

likelihood that individuals are exposed to, and thus become habitual

users of, controlled substances7,8 due to increased social isolation or

a lack of usual social and community structure (eg, going to work or

school) that resulted in inactivity at home.

This concern may be especially relevant among rural communities

because of their greater vulnerability to social isolation and higher

prevalence of some substance use disorders.9 “Death of Despair” is

a term recently made popular by Case and Deaton,10 who docu-

mented the increasingly higher rates of premature death among non-

HispanicWhites residing in rural communities due to “self-destructive

behaviors,”11 such as accidental poisoning from controlled substances,

suicide, and liver diseases.12 Such pre-existing vulnerability among

rural communities is likely to have contributed to exacerbation of

substance use disorders among those communities after the imple-

mentation of SIP orders.

Therefore, this study tests the hypothesis that the unintended

consequences of increased use of controlled substances among rural

communities due to SIP orders were greater than those among urban

communities. The current study seeks to test this hypothesis in the

context of United States using a national dataset obtained from the

American Association of Poison Control Centers (AAPCC).13 Specifi-

cally, this study examines whether the poison control centers, which

are located throughout the United States and serve all localities,

received higher rates of calls from rural counties than they did from

urban counties over a 3-month period since the mandatory SIP orders

became effective, taking into account the pre-SIP baseline differences

between the rural and urban counties via a difference-in-difference

(DD) method.14 The DD method used in this study exploits the cross-

sectional variation between urban and rural counties as well as the

longitudinal variation between the pre- and post-SIP periods within

the urban and rural counties, respectively, to isolate the SIP impact, as

explained below.

In theory, the mechanism that drives the association between

poison control center call rates and the mandatory SIP orders is not

obvious: higher rates of call may be driven by higher prevalence of

substance use disorders due to SIP orders as hypothesized above or,

alternatively, may reflect the impact of the SIP-mandated closures of

nearby health care facilities, which may have induced individuals to

call the poison control centers as an alternative source of care. In other

words, the former implies changes in individual behaviors due to SIP

orders, whereas the latter does not. To determine which mechanism

is more likely, therefore, a secondary hypothesis is also tested: rural

communities that implemented SIP orders were more likely to report

exposure to controlled substances taking place at home than their

urban counterparts due to greater social isolation. Findings consistent

with this secondary hypothesis will provide indirect evidence of

changes in individual behaviors conducive to substance use disorders

directly attributable to SIP orders.

METHODS

Data and variables

This study was approved by the University of Rochester’s Institutional

Review Board. The study team obtained all the relevant, deidentified

data from 3 sources: AAPCC for the national data collected across all

the poison control centers in the United States; a database recently

compiled by Goolsbee and colleagues on COVID-19 lockdown policies

implemented at the state and local level as of May 16, 2020;15 and

Area Health Resources File (AHRF) to obtain 2019 county-level popu-

lation estimates and rural-urban categorization.16 The lockdownpolicy

database and the AHRF data were available at state and county levels,

and the study team merged them together by the Federal Information

Processing Standard state and county codes to create a single county-

level data file. The lockdown policy data indicated that there were 493

US counties that had not yet implemented SIP orders byMay 16, 2020

and that among the remaining 2,649 counties that did implement SIP

orders, approximately 79% (2,083 out of 2,649) had ended SIP orders

by June 15, 2020. This implied that among the 2,083 counties that

had ended SIP orders by June 15, 2020, the average duration of SIP

orderwas45.2dayswith standarddeviationof16.3 (range: 17-80days;

interquartile range: 28-58 days).

The poison center data were obtained from AAPCC’s National Poi-

son Data System, which has been collecting and maintaining all case

data from the poison control centers across the United States for the

purposes of epidemiological studies related to poison exposures since

1983.13,17 The poison control centers provide free telephonic toxicol-

ogy consultation services throughout the United States, and previous

studies have showncorrelationsbetweenchanges in thepoison control

center call rates and corresponding changes in the rates of poisoning-

related hospitalization and Emergency Department (ED) visits,18,19

which imply that the patterns of poisoning exposures captured by the

poison control center data are likely to be reflective of true patterns of

poisoning exposure observed in the community.

In the dataset obtained specifically for this study, the data repre-

sented all the calls made to the poison control centers in the United

States betweenOctober 19, 2019 (ie, 150 days prior to the date of first

SIP order issued among the counties, which was March 17, 2020) and

July 6, 2020 (ie, 90 days after the date of last SIP order issued prior

to May 16, 2020 among the counties, which was April 7, 2020). The

study team chose to focus on a 150-day pre-SIP period and the subse-

quent90-daypost-SIPperiodbecauseof thepoisoncontrol centerdata

availability (ie, the earliest available to the study team was October 1,
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2019) and the fact that, as indicated above, about 79% of the counties

that had implemented SIP orders had ended themwithin 90 days (max

duration of 80 days). Therefore, the 90-day post-SIP period captured

not only the entire duration of the SIP orders but also the subsequent

several months after the end of the orders for the vast majority of the

US counties that had issued SIP orders.

For the purposes of this study, opioids were of the primary interest

due to extensive literature documenting the disproportionately high

prevalence of opioid use disorder in rural communities.20 However,

because the literature also indicated that the use of opioids is often

accompanied by the use of other controlled substances,21 the calls that

were associatedwith exposures to the following controlled substances

were also considered: methamphetamine, cocaine, benzodiazepines,

and “other narcotics,” which refers to all unknown narcotics as defined

by AAPCC. The poison control center data contained detailed patient-

level information on the specific controlled substances to which the

patients were exposed, site of exposure (ie, whether the exposure took

place at the patients’ homes or other places), treatments rendered,

as well as patient demographic information, including age and gender,

along with the states and counties of patients’ residence.

Using the state and county information available in the poison con-

trol center data, the study team merged the county-level data file

created from the AHRF and the COVID-19 lockdown policy database

into the poison control center data, generating a single analytic data

file. The prepost SIP period was defined by the dates on which either

the state or the local governments imposed mandatory SIP orders; in

cases where local governments had issued SIP orders earlier than the

state governments or vice versa, only the earliest SIP order dates were

considered for the purposes of this analysis.

Rural counties were defined based on the 2013 Rural-Urban Con-

tinuum Codes (RUCC; available in the AHRF database) developed by

the US Department of Agriculture’s Economic Research Service.22

Specifically, a county was defined as rural if it was classified either as

completely rural or less than 2,500 urban population (code 8 or 9) or

as nonmetropolitan urban not adjacent to a metropolitan area (code

5 or 7). This particular definition of rural counties was different from

the standard definitions used by the US federal government23 because

the study team chose to consider a subset of nonmetro counties that

are nonadjacent to metro counties or are adjacent but have no popula-

tion center of even 2,500 people. This particular definition was chosen

because the standard definitions reflect population sizes rather than

degrees of social isolation experienced by communities. A sensitivity

analysiswas performedusing an alternative definition of rural counties

(ie, code 4 or greater) to determine whether the results and the overall

conclusions would be different under this alternative definition.

Statistical analysis

To test the hypothesis that rural counties experienced higher rates of

calls regarding exposure to controlled substances after the mandatory

COVID SIP orders were issued, a DDmethod was used.14 To do so, the

patient-level poison control center data were aggregated to capture

county-level counts of calls due to exposure to the aforementioned list

of controlled substances. Among these calls, separate counts of calls by

exposure site (ie, exposure at home vs not home) were also obtained to

test the hypothesis that patients in rural counties were more likely to

make calls related to the exposure to controlled substances at home

after the COVID SIP orders were issued. For the purposes of test-

ing these hypotheses, therefore, those states and counties that had

not issued mandatory COVID SIP orders prior to May 16, 2020 were

excluded from the sample, as their data do not contribute any variation

relevant to these hypotheses.

For each county in the data, the study team considered 5months (ie,

150 days) prior to and 3 months (ie, 90 days) after the SIP order date.

Then, per-county-per-month counts of calls were calculated for each

30-day period before and after the SIP order date. Because variation in

the per-month counts of calls related to exposure differed by county

population size, the per-month counts of calls were further divided

by the 2019 county population estimates to obtain per-county-per-

month-per-10,000 rates. These rates were then compared between

the rural and urban counties in the data over the 3-month period since

the SIP order dates.

Because the post-SIP 3-month comparisons between the urban

and rural counties were potentially confounded by pre-SIP differences

between them, the analysis took such differences into account by cal-

culating the average differences between the rural and urban counties

during the5-monthpre-SIPperiod and subtracting them fromthepost-

SIP 3-month rural versus urban comparisons, which is consistent with

the DD approach.14 Moreover, because the DD method relies on the

assumption of parallel trends, this assumption was tested using the

5-month pre-SIP data, and the results indicated that the assumption

is likely to be valid in this context (the results are shown in online

Table A1). The data were analyzed by fitting a Poisson model with the

exposure parameter set to 2019 county population size in 10,000s. In

addition, because the same counties were observed repeatedly over

time, clustered standard errors were estimated to reflect the fact that

standard errors are correlated across the same counties over time.24

The statistical analyses were performed using Stata (version 15.1,

College Station, TX).

The SIP order impact on the rates of calls to poison control centers

related to control substance use was conceptualized as the differ-

ence between “Observed” and “Expected” rates. “Observed” referred

to the rates calculated among the rural counties as directly observed

from the data. “Expected” referred to the rates among the same rural

counties that would be expected if they had followed the same trends

as the urban counties in the data over the 3-month post-SIP period.

Thus, the differences between the observed and expected rates rep-

resent the impact of the SIP order on the respective rates. For example,

if the observed rates for rural counties were higher (or lower) than

the expected rates after the SIP order, it would indicate that the

SIP order was associated with increased (or decreased) rates of calls

and thus increased (or decreased) exposure to controlled substances

among the rural counties relative to the urban counties during the

same period. Because the pre-SIP period served as the reference cat-

egory against which the subsequent post-SIP periods were compared
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TABLE 1 County characteristics during pre-SIP 5-month period

Variable Urban (n= 1,794) Rural (n= 855) P value

County population estimate in 2019 (in 10,000s; mean, SD) 16.78 (42.94) 1.68 (1.81) <.001

Poison control center call count: per-county-per-month (mean, SD):

All narcotics 4.305 (12.024) 0.46 (1.006) <.001

Methamphetamine 0.34 (1.979) 0.065 (0.304) <.001

Opioid 1.796 (6.399) 0.182 (0.518) <.001

Cocaine 0.237 (0.983) 0.01 (0.103) <.001

Benzodiazepines 2.223 (5.44) 0.241 (0.643) <.001

Other narcotics 0.14 (1.377) 0.006 (0.088) <.001

Exposure at home 3.71 (9.867) 0.396 (0.883) <.001

Poison control center call rate: per-county-per-month/10,000 population (mean, SD)

All narcotics 0.249 (0.357) 0.223 (0.58) .007

Methamphetamine 0.027 (0.126) 0.029 (0.172) .568

Opioid 0.099 (0.205) 0.094 (0.401) .389

Cocaine 0.01 (0.049) 0.005 (0.076) <.001

Benzodiazepines 0.131 (0.224) 0.113 (0.389) .006

Other narcotics 0.005 (0.035) 0.002 (0.03) <.001

Exposure at home 0.219 (0.325) 0.195 (0.552) .009

Note: Excluded 493 counties that did not have SIP. P values were obtained via 2-sample t-tests.
Abbreviation: SD, standard deviation.

in the regression model, the expected rates among the rural coun-

ties during the pre-SIP period were identical to the observed rates (ie,

the pre-SIP differences between the rural and the urban counties had

been subtracted from all periods of comparison according to the DD

approach).

A falsification test was conducted to reduce the possibility of a spu-

rious correlation. Asmentioned above, as ofMay 16, 2020, there was a

relatively small number of counties that had not yet implemented any

mandatory SIP order, either at the local or the state level. Although

these counties were excluded from the main analysis, they served as

a non-SIP comparison group that could inform whether the associa-

tions observed in the main analysis might be spurious. Specifically, if

significant differences between urban and rural counties were to be

observed even among the counties that did not impose any mandatory

SIP order, it would imply that the urban versus rural differences among

the counties that had imposed the SIP orders––as estimated with the

methods described above and in total or partially––were attributable

to uncontrolled confounders rather than to the SIP orders.

Therefore, using a subsample consisted of only the non-SIP counties

(n= 493), the non-SIP rural counties (n= 314) were compared against

the non-SIP urban counties (n = 179) in terms of the rate of exposure

to all controlled substances considered in the main analysis using

the identical Poisson regression model (see online Table A3 for the

baseline comparison between the non-SIP rural vs urban counties).

For these non-SIP counties, their post-SIP index date was arbitrarily

defined as March 19, 2020, which was the date of first state-level

mandatory SIP order issued in the United States due to COVID

(California).

RESULTS

Table 1 summarizes the baseline differences between the rural and

urban counts of calls related to exposure to controlled substances

during the 5-month period prior to the mandatory SIP orders being

imposed. Excluding 493 counties that had not imposed mandatory SIP

orders, there are 855 counties that were considered rural and 1,794

counties considered urban in the sample. The urban counties have pop-

ulation sizes that were on average 10 times larger than those of the

rural counties. After adjusting for population size, the data suggest that

theurbanand rural countiesweremostly comparable in call volumeper

capita at the baseline, albeit some differences that were statistically

significant but relatively small in magnitude.

Table 2 shows the Poisson regression model estimates. The key

coefficients are the interaction effects between the rural indicator

variable and the post-SID period indicator variables, which represent

the DD estimates capturing the differential impacts of SID order

among rural counties relative to the urban counties. The positive and

statistically significant interaction effects indicate that since the SIP

order implementation, the rural counties were associated with higher

rates of calls to the poison control centers for cases involving the con-

trolled substances considered in this study. Additionally, the results of

a sensitivity analysis that used a different definition of rural counties

(RUCC 4 or greater) are shown in online Table A2, suggesting that

although some of the individual coefficients are no longer statistically

significant, the overall conclusion remains unchanged.

Figures 1 through 3 graphically summarize theDD estimates shown

in Table 2 in terms of “observed” and “expected” call rates, as described
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TABLE 2 Full Poisson regressionmodel output including falsification test

Covariate

Call count: all narcotic

Call count:

methamphetamine Call count: opioid Call count: cocaine

Coefficient P value Coefficient P value Coefficient P value Coefficient P value

Is rural 0.065 .225 0.641 .000 0.013 .856 −0.834 .000

Post-SIP: month 1 −0.157 .000 −0.231 .013 −0.172 .000 −0.168 .009

Post-SIP: month 2 −0.089 .000 −0.129 .130 −0.096 .002 −0.132 .083

Post-SIP: month 3 −0.067 .002 −0.315 .001 −0.042 .191 −0.124 .042

Rural× SIPmonth 1 0.032 .591 0.394 .016 −0.024 .811 0.073 .845

Rural× SIPmonth 2 0.133 .041 0.161 .344 0.135 .171 0.355 .304

Rural× SIPmonth 3 0.133 .047 0.329 .077 0.230 .017 0.252 .485

Constant −1.360 .000 −3.899 .000 −2.234 .000 −4.261 .000

Covariate

Call count:

benzodiazepines Call count: other narcotic Call count: exposure at home

Call count: all narcotic

non-SIP (n= 493)

Coefficient P value Coefficient P value Coefficient P value Coefficient P value

Is rural 0.082 .120 −0.796 .016 0.063 .196 −0.025 .785

Post-SIP: month 1 −0.135 .000 −0.216 .006 −0.131 .000 −0.109 .124

Post-SIP: month 2 −0.078 .000 −0.007 .930 −0.063 .002 −0.145 .027

Post-SIP: month 3 −0.058 .004 0.121 .112 −0.052 .009 −0.031 .583

Rural× SIPmonth 1 −0.030 .725 0.476 .235 0.028 .655 −0.117 .431

Rural× SIPmonth 2 0.119 .177 0.518 .115 0.120 .070 0.056 .654

Rural× SIPmonth 3 0.006 .952 1.189 .000 0.133 .069 −0.049 .676

Constant −2.021 .000 −4.787 .000 −1.509 .000 −1.104 .000

above. Figure 1 suggests that across all controlled substances included

in the analysis, rural counties were associated with higher call rates to

poison control centers, particularly during the secondand thirdmonths

since the SIP order date, by approximately 14% (P < .05). Figure 1 also

suggests that there is some evidence of rural communities having been

more likely to report exposures at home than the urban counties, as

indicated by approximately 13% higher call rates reporting exposures

at home during the second and third months since the SIP order (P <

.1). Moreover, the falsification test result as shown in Figure 1 indi-

cates that there was no significant difference between the non-SIP

rural counties and the non-SIP urban counties.

Figure 2 suggests the rates of calls to poison control centers

related to opioids and methamphetamine increased more among the

rural counties relative to the urban counties during the post-SIP

period, particularly a couple of months after the SIP order started.

For methamphetamine, the first month since the SIP order dates was

associated with the largest increase, and the increases in the subse-

quentmonths remained significant at 10% level during the thirdmonth.

Figure 3 indicates that there was no statistically significant difference

between the rural andurbancounties in calls related tobenzodiazepine

exposures in the 3 months following the SIP. However, a statistically

significant difference in calls related to other narcotics was observed

in the third month following the SIP for rural counties compared to

urban counties. As well, calls related to cocaine exposure appeared

to increase in the second month following the SIP for rural counties

compared to urban counties, although this comparison did not reach

statistical significance.

DISCUSSION

The results of this study provide empirical evidence in support of the

hypothesis that individuals residing in rural communities were more

likely to be exposed to controlled substances than those residing in

urban communities, particularly to opioids and methamphetamine,

after COVID-19 SIP orders. This evidence is further supported by the

finding that the SIP orders may have induced changes in individual

behaviors that were conducive to greater prevalence of substance

use disorders in the rural communities––that is, individuals in rural

counties became more likely to stay home due to the SIP orders, as

indicated by greater call rates reporting exposures at home. Therefore,

the association between the higher poison control center call rates

and the SIP orders cannot be entirely explained by the alternative

hypothesis that the SIP orders may have induced individuals to sub-

stitute poison control centers for local health care providers due to

SIP-mandated closures without changing behavior. Furthermore, the

falsification test results that showed no rural versus urban difference

among the counties that did not impose SIP orders provide additional

evidence that the SIP orders led to rural-urban disparity in the rate of

exposure to controlled substances.
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F IGURE 1 Rates of exposure to controlled
substances among rural counties bymonth
since SIP and exposure site. Data Source:
AAPCC; estimated via Poisson regression
model; *P< .1; **P< .05.

As noted previously, however, the precise causal mechanism of how

the SIP orders have led to the higher poison control center call rates

among rural counties cannot be determined from the available data

and, therefore, remains a subject of future research. During the SIP

phase, for instance, emerging evidence suggests that telemedicine vis-

its had replaced in-person outpatient visits.25,26 To the extent that

rural communities face systematic barriers to telemedicine due to

limited availability of technology and reliable internet access,27,28

the higher call rates may, therefore, reflect disparities in access to

telemedicine rather than increased use of controlled substances. At

the same time, the fact that no such changes in access to care were

imposed among the non-SIP communities potentially explains the

lack of rural versus urban disparity in the poison control center call

rates among the non-SIP counties as demonstrated in the falsification

test.

Nevertheless, to the extent that the mandatory SIP orders might

indeed have contributed to the increased rural versus urban disparity

in substance use disorder as suggested by this study, 2 possible expla-

nations are discussed below: increased risk of exposure at home due

to job losses associated with the SIP orders, and spatial and geograph-

ical factors that uniquely impact rural communities relative to urban

communities. Due to the SIP orders, which have resulted in involun-

tary job losses and workplace closures, more people have been forced

to remain at home, leading to a scenario that may lead to greater

illicit drug use due to boredom and inactivity, social isolation, among

other factors. Because unemployment is more prevalent and chronic
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F IGURE 2 Rates of exposure to opioids
andmethamphetamine among rural counties
bymonth since SIP. Data Source: AAPCC;
estimated via Poisson regressionmodel;*P< .1;
**P< .05.

in rural communities,29,30 loss of even just a handful jobs in those

communities may imply a more amplified risk of exposure in rural

areas.

Another possible explanation is the spatial and geographical fac-

tors in rural communities that uniquely impact their social interactions

relative to urban communities. Showalter et al31 have examined the

patterns of individual mobility based on the geo-positioning data

obtained frommobile devices and have found that during the period of

SIP orders, rural communities were associated with a higher degree of

mobility than nonrural communities. The authors of this study cite the

usual need for long travels among the residents of rural communities to

obtain basic necessities, such as food and other essential items, which

was exacerbated during the mandatory SIP orders because of closures

of nearby businesses. As a result, residents of rural communities may

have been forced to travel even longer distances to obtain such basic

necessities. This implies that for those who remained at home, there

was more time to spend in isolation at home without family supervi-

sion, resulting in greater loneliness and thus a greater risk of exposure

to illicit substances at home. Future studies are needed to identify and

confirm the exact underlying mechanisms that explain the reported

patterns shown in the data.

This study is limited by its observational nature and a lack of more

granular individual and household-level data that would allow a more

detailed examination of why such rural versus urban disparity exists.

Furthermore, the poison control center data do not represent all

incidences of substance use disorder cases in the community, as the

data include only those cases for which phone calls were made to

poison control centers. The data, therefore, represent only a subset of

all the substance use disorder cases in the community. Nevertheless,

to the extent that the goal of study is not to capture all cases of

substance use disorder but rather to describe the changes in patterns

of substance use disorder cases over time, the results of this study are

still valid.

Moreover, this study does not address a broader question about

whether mandatory SIP orders contribute to overall increases in expo-

sure to controlled substances in the general population, regardless

of the rural or urban status, which is an area of future study. To

answer this broader question using the available data is challenging

because of the relatively small number of counties that never imple-

mented SIP orders––which would serve as the logical comparison

group in such an analysis––and the inherent difficulty of accounting

for unobserved heterogeneity that would confound any differences
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F IGURE 3 Rates of exposure to cocaine,
benzodiazepines, and other narcotics among
rural counties bymonth since SIP. Data Source:
AAPCC; estimated via Poisson regression
model; *P< .1; **P< .0.

between the counties that had implemented SIP orders and those

that never did, such as cultural attitudes and ideological proclivities

toward government-enforced mandatory policies. Lastly, although the

patterns by substance type and month since the SIP order dates are

suggestive of potentially interesting insights, it is difficult to interpret

and explain them fully given the available data. As such, future studies

are needed to address them in greater details.

CONCLUSION

The mandatory SIP orders that were designed to prevent the spread

of COVID-19 may have had an unintended consequence of exacer-

bating the use of controlled substances at home in rural communities,

which had been vulnerable to high prevalence of substance use dis-

orders even before the COVID pandemic. Policymakers and public

health stakeholders should take into consideration such disparity in

implementing future SIP orders.
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