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ABSTRACT

BACKGROUND: Masking, which is known to decrease the transmission of respiratory viruses, was not

widely practiced in the United States until the coronavirus disease 2019 (COVID-19) pandemic. This pro-

vides a natural experiment to determine whether the percentage of community masking was associated

with decreases in emergency department (ED) visits due to non-COVID viral illnesses (NCVIs) and

related respiratory conditions.

METHODS: In this observational study of ED encounters in a 11-hospital system in Maryland during 2019-

2020, year-on-year ratios for all complaints were calculated to account for “lockdowns” and the global

drop in ED visits due to the pandemic. Encounters for specific complaints were identified using the Inter-

national Classification of Diseases, version 10. Encounters with a positive COVID test were excluded.

Linear regression was used to determine the association of publicly available masking data with ED visits

for NCVI and exacerbations of asthma and chronic obstructive pulmonary disease (COPD), after adjusting

for patient age, sex, and medical history.

RESULTS: Therewere 285,967 and 252,598 ED visits across the hospital system in 2019 and 2020, respectively.

There was a trend toward an association between the year-on-year ratio for all ED visits and theMaryland stay-

at-home order (parameter estimate = -0.0804, P = .10). A 10% percent increase in the prevalence of community

masking was associated with a 17.0%, 8.8%, and 9.4% decrease in ED visits for NCVI and exacerbations of

asthma exacerbations and chronic obstructive pulmonary disease, respectively (P< .001 for all).

CONCLUSIONS: Increasing the prevalence of masking is associated with a decrease in ED visits for viral

illnesses and exacerbations of asthma and COPD. These findings may be valuable for future public health

responses, particularly in future pandemics with respiratory transmission or in severe influenza seasons.

� 2021 Elsevier Inc. All rights reserved. � The American Journal of Medicine (2021) 134:1247−1251
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INTRODUCTION
Emergency departments (EDs) in the United States have

experienced annual winter surges in visits for viral illnesses

and exacerbations of asthma and chronic obstructive pul-

monary disease (COPD) over the last decade.1 Viral ill-

nesses are known to trigger exacerbations of underlying

lung conditions like asthma and COPD.2,3 Masking has

been shown to decrease the transmission of respiratory

viruses,4 but widespread public masking was not practiced

in the United States, even for previous pandemics,5 until
CLINICAL SIGNIFICANCE

� The 2020 influenza season in the
United States was the mildest in deca-
des, likely due to community masking
for coronavirus disease 2019 (COVID-
19).

� Community masking was associated
with decreased visits to the emergency
department for non-COVID viral ill-
nesses and exacerbations of asthma
and chronic obstructive pulmonary dis-
order (COPD).

� Seasonal variations in emergency
the coronavirus disease 2019

(COVID-19) pandemic. The Centers

for Disease Control and Prevention

(CDC) reported unusually low influ-

enza activity in the United States

during the COVID-19 pandemic,6

though, it is unclear whether this is

due to masking, stay-at-home orders,

the public declining to visit the ED

for fear of acquiring COVID-19, or

some other effect. We hypothesize

that increases in masking among the

general population is associated with

decreases in ED visits for non-

COVID viral illnesses (NCVIs) and

exacerbations of asthma and COPD.
department utilization for respiratory
conditions may be mitigated by pro-
moting masking among the general
populace.
METHODS
This is an observational study based

on ED encounters using electronic

medical record data. We obtained

information on all ED patient encoun-
ters across the University of Maryland Medical System

(UMMS) (Maryland, 11 sites) from January 1 to October 3,

2019, and from January 1 to October 3, 2020. Encounter data

included: patient age, sex, past medical history of asthma or

COPD, encounter diagnoses, the time and date of the

encounter, and whether the patient tested positive for

COVID-19. All encounter data were extracted from the elec-

tronic medical record (Epic Systems) at each site in an auto-

mated fashion using Structured Query Language (SQL). This

study was approved and considered exempt by the University

of Maryland, Baltimore institutional review board.

ED visit for specific complaints were identified by having

one of the following codes for the first 3 encounter diagno-

ses, as documented by the provider (using International

Classification of Diseases, version 10, Clinical Modification

[ICD-10-CM]): NCVI (J09-J11 or J20-J22), asthma exacer-

bation (J45.21-J45.22, J45.31-J45.32, J45.41, J45.42, J45.51,

J45.52, J45.901, J45.902), or COPD exacerbation (J44.1).

We excluded visits with a positive COVID result and those

with encounter code for pneumonia (J12-J18) because

patients with COVID-19 could be coded as pneumonia.

To control for stay-at-home orders (“lockdowns”) and

the overall changes in ED visits seen in 2020 compared
with 2019, we constructed year-on-year ratios on a per-

week basis. We counted all ED visits (“Total Visits”) across

all sites for the first week in 2020 (1/1/2020-1/7/2020),

divided by the total number of ED visits across all sites for

the first week in the prior year (1/1/2019-1/7/2019). We

repeated this process through week 40 (the last week of the

2020 data) and for all end points (ED visits for NCVI, exac-

erbations of asthma and COPD) and control variables (aver-

age patient age, prevalence of female sex and preexisting

asthma or COPD). Patients with asthma or COPD listed on
their problem list were considered

to have a past medical history of

asthma (J45) or COPD (J41-J43).

The changes in ED patient vol-

ume and complaints between 2019

and 2020 was shown by plotting

year-on-year ratios with the Mary-

land stay-at-home order (3/30/20-

5/15/2020)7 and the percentage of

masking in the general population.

The percentage of masking in the

general population of Maryland

came from the Institute for Health

Metrics and Evaluation (IHME)

website.8 The IHME website pub-

lishes a combination of online sur-

veys to provide a daily state-based

estimate of the proportion of the

population who say they always

wear a mask in public. This esti-

mate was averaged to provide a

weekly percentage of masking.
Our mathematical model followed the natural development

of disease: a community dweller is inoculated with a virus,

which could have been blocked by a mask, who later devel-

ops clinical disease and seeks treatment in an ED. We

accounted for the time course of disease by shifting the

daily prevalence of masking back 3, 7, and 12 days for

NCVI, exacerbations of asthma and COPD, respectively.2,3

We used a similar approach to determine the impact of

social distancing measures taken during the pandemic, as

reported by the IHME.8

Linear regression was used to determine the association

between the percentage of masking and year-on-year ratio

of ED visits for All Visits, NCVI, and exacerbations of

asthma and COPD. Controls included ratios of patient age,

female sex, All Visits, and history of asthma and/or COPD.

A dummy variable for encounters occurring after March

30, 2020 was created to estimate the association between

ED visits and the Maryland stay-at-home order.7
RESULTS
There were 285,967 ED encounters across the University of

Maryland Medical System during the 2019 study period, of

which 53.3% (N = 152,279) were female, had an average



Figure Year-on-year ratio of emergency department visits in the University of Maryland Medical System

for total visits, exacerbations of asthma and chronic pulmonary disease, and non-COVID-19 viral illness

(NCVI) with the prevalence of masking in Maryland State (Jan-Oct 2019 and Jan-Oct 2020) and the stay-

at-home order (March 30-May 15, 2020). Ratios presented are 4-week moving averages. COVID-19 = coro-

navirus disease 2019.
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age of 43.0, SD = 23.1, and 7.8% (N = 22,399), and 0.2%

(N = 698) came to the ED for an asthma or COPD exacerba-

tion, respectively. During the 2020 study period there were

252,598 ED encounters; 52.1% (N = 131,496) were female,

and 5.9% (N = 14,881) and 0.2% (N = 430) of visits were

for asthma or COPD, respectively. The average age of sub-

jects in 2020 was 45.0, SD = 22.7. There was a 3.3% rela-

tive decrease in ED visits for NVCI in 2020 (N = 4770)

compared with 2019 (N = 4611). Similarly, there was a

47.9% decrease in ED visits for asthma exacerbations in

2020 (1619) compared with 2019 (N = 3107), and a 54.8%

decrease in visits for COPD exacerbations in 2020

(N = 1069) compared with 2019 (N = 2363).

The percentage of masking in the community was highly

correlated with social distancing measures (Pearson

correlation = �0.82). Masking had a stronger association

with our endpoints than social distancing, so we removed

the social distancing from our mathematical model to avoid

collinearity.

Year-on-year ratio for Total Visits fell 40% during

weeks 18 and 19 (Figure) but trended close to normal (val-

ues approached 1) after the stay-at-home order was lifted.

Year-on-year ratios for NCVI, asthma, and COPD remained

low (a fraction of 1) through week 40. An unadjusted linear

regression analysis found a nonsignificant association

between the year-on-year ratio for Total Visits and the start
of the stay-at-home order (parameter estimate = �0.0804,

P = .10). Similarly, masking percentage was not signifi-

cantly associated with the year-on-year ratio for Total Visits

(parameter estimate = 0.00204, P = .98). There were strong

associations between masking percentage and year-on-year

ratios for specific complaints, after adjusting for patient fac-

tors and Total Visits (Table).
DISCUSSION
Masking had not been widely adopted in the United States

until the COVID pandemic, making it difficult to investi-

gate how masking in the community could impact ED vis-

its.5 The majority of Maryland citizens wore masks during

the COVID-19 pandemic,8 and masks block a variety of

respiratory viruses,4 providing a natural experiment to

determine the effects of general masking on ED visits. The

overall drop in ED visits during the pandemic seen in this

study has been documented by other investigators.9,10 Yet

when examining specific complaints, an increase in the per-

centage of community masking was reflected in a drop in

ED visits for NCVI and exacerbations of asthma exacerba-

tions and COPD in this retrospective multisite study. These

findings suggest the well-known decrease in person-to-per-

son transmission of respiratory viruses due to masking4 also

has a measurable and positive impact on health systems.



Table Linear Regression Results Showing the Association of Masking Percentage with Year-on-Year Ratios of ED Encounters for NCVI and
Exacerbations of Asthma and COPD, Adjusted for Patient Factors and Total Visits, University of Maryland Medical System (Jan-Oct 2019
compared to Jan-Oct 2020).

Outcome Variable* Estimate Standard Error P Value

NCVI Masking Percentage �1.702 0.422 .0003
Average Age �3.605 3.711 .34
Female Sex 0.017 2.184 .99
Total Visits 1.681 2.542 .51

Asthma Exacerbations Masking Percentage �0.881 0.196 <.0001
Average Age �2.011 1.146 .09
Female Sex 0.342 0.495 .49
Prevalence of Asthma �0.112 0.422 .79
Total Visits 0.317 0.360 .38

COPD Exacerbations Masking Percentage �0.939 0.143 <.0001
Average Age �0.389 1.319 .77
Female Sex �0.102 0.343 .77
Prevalence of COPD 0.276 0.076 .001
Total Visits 0.655 0.313 .04

COPD = chronic obstructive pulmonary disease; COVID-19 = coronavirus disease 2019; ED = emergency department; NCVI = non-COVID viral illness;

*Masking: the percentage of persons who always wear a mask in public; Average Age: the ratio of the average age of ED patients during a given week in

2020 compared with 2019; Female sex: the proportion of female ED patients during a given week in 2020 divided by the proportion of female ED patients

during the same week in 2019; Prevalence of Asthma: the proportion of patients who have a past medical history of asthma during a given week in 2020

divided by the proportion of patients who have a past medical history of asthma during the same week in 2019; Prevalence of COPD: the proportion of

patients who have a past medical history of COPD during a given week in 2020 divided by the proportion of patients who have a past medical history of

COPD during the same week in 2019; All-complaints: the number of ED patients for a given week in 2020 divided by the number of ED patients during

the same week in 2019.
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These results also suggest there is a public health benefit to

community masking after the COVID-19 pandemic. For

example, public health officials may mitigate the impact of

respiratory conditions on health systems by promoting

masking among the general populace during the influenza

season. In a recent interview, Dr Anthony Fauci, director of

the National Institute of Allergy and Infectious Disease,

said much the same: “We’ve had practically a nonexistent

flu season this year merely because people were doing the

kinds of public health things that were directed predomi-

nantly against COVID-19.”11

This is a retrospective study and vulnerable to unmea-

sured biases. However, our ratio-based approach likely mit-

igates these effects by comparing 1 year to the other. The

daily prevalence of masking is based on survey data and

may not accurately represent the masking behavior in

Maryland or in the communities around the study sites. Sev-

eral public health measures, like an emphasis on social dis-

tancing, handwashing, stay-at-home-orders, and masking,

were instituted in Maryland around the same time. We

adjusted our analysis to account for the Maryland stay-at-

home order. There are no public sources of data on the

changes in handwashing behavior in Maryland during the

pandemic. COVID is primarily transmitted via respiratory

droplets, so the impact of increased handwashing is likely

less than the impact of masking or social distancing. Social

distancing almost certainly influences our endpoints, but

this single-state study is not able to separate the impact of

masking from social distancing. Multistate studies may be

able to disentangle these effects. An interrupted time series

(ITS) approach was considered because it is well-suited to
model the impact of large single changes like stay-at-home

orders. Unfortunately, interrupted time series does not

model daily changes in masking behavior well, and it does

not provide a measure of association between masking and

ED utilization, which was the objective of this project.

The 2020 influenza season may have been mild regard-

less of the COVID-19 pandemic, which would serve to

overestimate the impact of masking in this analysis. Some

patients that would have had NCVI instead may have died

from COVID-19 instead, effectively depressing the severity

of the 2020 influenza season and the impact of masking in

this analysis. Telehealth visits increased during this study

period, which may have affected ED volume.
CONCLUSION
In conclusion, increasing the prevalence of masking is asso-

ciated with a decrease in ED visits for viral illnesses and

exacerbations of asthma and COPD. These findings may be

valuable for future public health responses, particularly in

future pandemics with respiratory transmission or in severe

influenza seasons.
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