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Lower Intent to Comply with COVID-19 Public
Health Recommendations Correlates to Higher
Disease Burden in Following 30 Days
Robert P. Lennon, MD, JD, Aleksandra E. Zgierska, MD, PhD, Erin L. Miller, BS,
Bethany Snyder, MPH, Aparna Keshaviah, ScM, Xindi C. Hu, ScD,
Hanzhi Zhou, PhD, and Lauren Jodi Van Scoy, MD
Objectives: We sought to determine whether self-reported intent to com-
ply with public health recommendations correlates with future coronavirus
disease 2019 (COVID-19) disease burden.

Methods: A cross-sectional, online survey of US adults, recruited by
snowball sampling, from April 9 to July 12, 2020. Primary measure-
ments were participant survey responses about their intent to comply
with public health recommendations. Each participant’s intent to comply
was compared with his or her local COVID-19 case trajectory, measured
as the 7-day rolling median percentage change in COVID-19 confirmed
cases within participants’ 3-digit ZIP code area, using public county-
level data, 30 days after participants completed the survey.

Results: After applying raking techniques, the 10,650-participant sam-
ple was representative of US adults with respect to age, sex, race, and
ethnicity. Intent to comply varied significantly by state and sex. Lower
reported intent to comply was associated with higher COVID-19 case
increases during the following 30 days. For every 3% increase in intent to
comply with public health recommendations, which could be achieved by
improving average compliance by a single point for a single item,we estimate
a 9% reduction in new COVID-19 cases during the subsequent 30 days.

Conclusions: Self-reported intent to comply with public health recom-
mendations may be used to predict COVID-19 disease burden. Measuring
compliance intention offers an inexpensive, readily available method of
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predicting disease burden that can also identify populations most in
need of public health education aimed at behavior change.

Key Words: coronavirus, COVID-19, epidemiology, public health,
SARS-CoV-2

Efforts to forecast coronavirus disease 2019 (COVID-19) case
burden have been largely unsuccessful, and draconian mea-

sures predicated on flawed models have negatively affected eco-
nomic and health issues beyond COVID-19.1 Widespread gaps
in diagnostic testing have impeded population sampling as an
efficient, reliable means to predict disease burden.2 Complex
predictive techniques for population testing (eg,wastewater surveil-
lance) show promise in providing predictive insights by mapping
population disease burden,3 but require further methodological
validation.

As COVID-19 data have increased, modeling efforts have
improved; however, even the most sophisticated modeling remains
limited by its requirements of implicit assumptions about human
behavior, and the need to identify specific compliance parameters
to test the model. For example, Reiner et al recently demonstrated
the power of universal mask wearing using state-level US data
and five susceptible-exposed-infectious-recovered models.4 They
make a compelling case for the effectiveness of 95% mask use in
public to ameliorate projected increases in case counts as public
Key Points
• Efforts to forecast coronavirus disease 2019 case burden have
been largely unsuccessful.

• Comparing actual public behaviors with actual subsequent dis-
ease outcomes offers a pragmatic solution to predicting future dis-
ease burden.

• Electronic survey of public intent to comply with public health
recommendations offers an inexpensive, rapid method of predicting
coronavirus disease 2019 disease burden that may be applied to other
ongoing or emergent health threats or used as a method to measure
the success of public health education campaigns.
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health–mandated restrictions are removed. Although their model-
ing is arguably the best published to date with a mean absolute per-
cent error (MAPE) nearly 40% lower than the average COVID-19
model, it still has a MAPE of >20%.4 Also, their predetermined
mask usage rates are 95% and 85%,4 which are markedly higher
than the observed rate of 59% in US residents (https://covid19.
healthdata.org). Furthermore, althoughwe often think of the require-
ment of a “limited number of high-priority, evidence-based inter-
ventions” necessary for effective public health programs5 as a
limiting factor, in this case it is an expansive one. Any one of
the COVID-19 mitigation strategies may, with 95% adherence,
show good results in a model. Effective public health policy
on mitigation strategies should consider the effect of improve-
ments across them all, and be able to demonstrate the impact
of even modest improvements in compliance.

To help guide public health policy regarding infection con-
trol policies, we show the correlation between self-reported intent
to comply with several public health recommendations and local
COVID-19 disease burden within the following 30 days based
on survey results from a national, demographically representa-
tive sample of adults in the United States and their actual, local
COVID-19 case rates.
Methods

Design

We administered a cross-sectional online survey to US
adults between April 9 and July 12, 2020. Participants were
recruited using online snowball techniques leveraging social
media and networks. The survey, refined from previous work
and described in detail elsewhere,6,7 asked a series of questions
related to COVID-19, including understanding of, and intent
to comply with, public health recommendations, measured on
a 5-point Likert scale (1 = “certainly not,” 5 = “most certainly”).
The survey also collected geographic and demographic infor-
mation, including three-digit ZIP code, age, sex, race, ethnicity,
education, and health and social status, using the MacArthur
Scale of Subjective Social Status.8 This study was deemed exempt
by the Pennsylvania State University College of Medicine
institutional review board. Written consent was obtained from
all study participants.

Outcome Measures

Survey respondents indicated their intent to comply with the
main public health recommendations put forth by the US Centers
for Disease Control and Prevention (CDC) at the time of the
survey: “Wash your hands often (for 20 seconds or more),”
“Maintain social distancing/social isolation even if you have
no symptoms,” “Avoid touching your eyes, nose, and mouth,”
“Cough or sneeze into your elbow,” and “Stay at home if you
feel unwell. If you have a fever, cough, and difficulty breathing
seek medical attention and call in advance.” The survey was
updated on June 5, 2020 (version 2) to reflect changes in the
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CDC public health recommendations: “Wash your hands often
(for 20 seconds or more),” “Wear a cloth face cover (face mask)
when out in public,” “Avoid touching your eyes, nose, and
mouth with unwashed hands,” “Cover your mouth and nosewith
a tissue of the inside of your elbow when you cough or sneeze,”
“Stay at home if you feel unwell,” “If you have a fever, cough, and
difficulty breathing seek medical attention and call in advance,”
“Stay at least 6 feet (2meters, or about 2 arms’ lengths) from other
people when outside of your home,” and “Stay out of crowded
places and avoid mass gatherings.”
Analytical Methods

Analysis was conducted on individual “intent to comply”
questions and also on an intent to comply index composite score,
which was a weighted average of Likert scores for each individ-
ual question, weighted based on results from exploratory factor
analyses generated for each version of the survey.

The trajectory of the number of COVID-19 cases during the
30, 14, and 7 days before and after a respondent’s survey com-
pletion date was based on each respondent’s local area, derived
from his or her reported three-digit ZIP code. We chose the
three-digit ZIP code as the spatial unit of analysis because this
is the most granular spatial information we have from the survey.
To characterize the COVID-19 case trajectory in the area in
which each participant was living, we aligned county-level
COVID-19 case data to the 3-digit ZIP code level. To do so, we
first identified counties whose centroids fall within the boundary
of the 3-digit ZIP code area, and then took a weighted average of
COVID-19 cases in these counties. For 3-digit ZIP code areas that
were too small to contain the centroid of a county, we spatially
joined the boundary of the 3-digit ZIP code area with the bound-
ary of the counties and identified the county that overlapped the
most with the 3-digit ZIP code area. Participants from the same
3-digit ZIP code area had the same value for COVID-19 case tra-
jectory. We did not stratify our analysis by 3-digit ZIP code and
kept the model at the individual level. County-level COVID-19
data from the Johns Hopkins University Center for Systems Sci-
ence and Engineering (https://github.com/CSSEGISandData/
COVID-19) was used to calculate a 7-day rolling average of cases;
new cases were identified as the difference between “today’s” 7-
day rolling average and “yesterday’s” 7-day rolling average. Daily
percentage change was calculated as the difference between
new cases “today” and new cases “yesterday” over the absolute
value of new cases “yesterday.” Lastly, cases in which the per-
centage change was undefined were filtered out (an artifact of di-
viding by 0 new cases “yesterday”), and a rolling median of 7-day
percentage change was calculated.

Geospatial methods were used to interpolate the county-level
results to the 3-digit ZIP code areas. First, the centroid (geometric
center) for each countywas calculated and assigned the 7-day per-
centage change to that point location. Second, a spatial join between
county centroids and 3-digit ZIP code area boundaries was con-
ducted to identify county centroids that fall within the regions of
745

authorized reproduction of this article is prohibited.

http://covid19.healthdata.org
http://covid19.healthdata.org
https://github.com/CSSEGISandData/COVID-19
https://github.com/CSSEGISandData/COVID-19


Lennon et al • Lower Intent to Comply with COVID-19 Public Health Recommendations and Higher Disease Burden
each 3-digit ZIP code area. If multiple county centroids fell in
the same 3-digit ZIP code area, then a weighted average of the
7-day percent change in disease burden, weighted using the
estimated county population from the 2019 American Com-
munity Survey, was used. In some cases, no county centroid
fell within a 3-digit ZIP code area, possibly because the ZIP
code area was small and located in the corner of a county. In
those cases, a spatial join of the 3-digit ZIP code area and county
polygons was conducted and assigned the largest overlapping
region to the 3-digit ZIP code area. Even after implementing
these two steps, approximately 80 3-digit ZIP code areas were
missing values for the 7-day percentage change in disease bur-
den. For these 3-digit ZIP code areas, a nearest-neighbor search
was conducted to identify the 5 closest county centroids (<100 km)
and to calculate the weighted average percentage change in disease
burden. After applying these methods, the case trajectory for the
30 days following survey response for 680 of the 728 3-digit ZIP
code areas in which our participants reside was possible.

To generalize survey responses to the US population, raking
techniques9,10 were used to calibrate the data via the calibrate()
function from the survey package in R software for statistical
analysis.11 Raking requires complete data, so missing values were
imputed randomly, based on observed variable distribution. In gen-
eral, the rate of missingnesswas extremely low; ethnicity wasmiss-
ing for 6.5% of respondents, but for all of the other variables used
in the raking, <2% of respondents had a missing value. Specifically,
raking was used to develop weights that aligned survey respondent
distributions for demographics (age, sex, race, ethnicity, and edu-
cation), geography (state), and presence of comorbidities known
to increase the health risks of COVID-19 infection (eg, diabetes
mellitus, heart disease) to national benchmarks. National-level
weights and state-level weights for the 20 states with the largest
numbers of survey respondents were generated. We chose to
weight at the national and state levels based on feasibility and
bias-variance tradeoff considerations. With respect to feasibility,
we could obtain reliable population benchmarks for the charac-
teristics used for raking only at the national level and individual
state level. With respect to the bias-variance tradeoff, we were
able to achieve a good balance between bias reduction and var-
iance inflation (due to weighting effect) only at the individual
state level or higher; at the 3-digit ZIP code or county level, sam-
ple sizes were too small to support reliable weights. These
weights were applied when summarizing the intent to comply
with public health recommendations scores and when generat-
ing models to assess the relation between the intent to comply
and future COVID-19 disease caseload. Survey-weighted linear
regression models were fitted with the svyglm() function from
the R survey package11 that weights the importance of each case
to make them representative of the entire US population in the
national model or of the state population in the state-level model
and properly accounts for this weighting effect when calculating
standard errors of the regression coefficients.

All of the analyses used a 5% type I error rate and were
completed using the R statistical package.11 This study adheres
746
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to the Strengthening the Reporting of Observational Studies in
Epidemiology guidelines12 and was approved by an institutional
review board.

Results
Of the 10,650 respondents, most self-identified as female,
White, and younger than age 64 (Table). Raking generated a rep-
resentative sample whose weighted demographic, geographic,
and health status features matched national benchmarks (Table).

Within this demographically representative sample, the
weighted average intent to comply score was 93.18 out of 100
(range 20–100), indicating an overall high intent to comply.
Female respondents reported a higher intent to comply than
male respondents (Figure 1). Although this analysis focuses on
the correlation of weighted average intent to comply score across
all recommended behaviors, for comparison to other studies,
deaggregated values of respondents’ intent to “most certainly”
or “probably yes” comply with self-isolation (94%), social dis-
tancing (89%), and wearing a face mask (87%) are reported.

There are statistically significant differences in intent to
comply scores by state (Figure 2A). A trend toward higher intent
to comply scores in older adults and in individuals with chronic
medical conditionswas observed, but not significant (0.05 < P< 0.1).
Differences in the intent to comply by race/ethnicity, education,
geographic region, or social status also were not statistically sig-
nificant. Case trajectories over the 30 days following survey
completion for 680 of the 728 3-digit ZIP code areas represented
by the survey respondents were computed and consolidated into
state-level trajectories (Figure 2B). On average, the smoothed
daily case count at the 3-digit ZIP code level increased by
0.14% (range − 10% to 13.5%).

Intent to comply correlated with subsequent COVID-19 case
trajectory nationally and within certain states (Figure 3). Overall,
the regression coefficient capturing the effect of intent to comply
on future disease burden was −0.029 (95% confidence inter-
val − 0.049 to −0.009), after accounting for differences in demo-
graphics, region, social status, health conditions that increase
risk from COVID-19, and trust in information sources. In other
words, these findings suggest that for every 3% increase in the
composite intent to comply score, which could be achieved by
increasing the average compliance rating by a single point (eg,
from “maybe” to “probably yes”) for just one of the compliance
items (eg, avoid touching your eyes, nose, andmouthwith unwashed
hands), 9% of COVID-19 cases could be prevented during the
subsequent 30 days.

Discussion
This is one of the largest studies of self-reported intent to comply
with COVID-19 public health recommendations, and, to our
knowledge, the first to indicate that the public’s intent correlates
with future COVID-19 case trajectory. In general, the modeling
results showed that the more people intend to comply with pub-
lic health recommendations, the fewer COVID-19 cases were
reported in their community. This is true for the United States
© 2021 The Southern Medical Association
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Table. Respondent demographic and COVID-19 health risk characteristics: unweighted (survey respondents, N = 10,650)
and weighted (to generate a representative US sample)

Characteristics Unweighted % (SE) Weighted % (SE) Benchmark

Age, y, mean 47.8 (0.1) 49.7 (0.7) NA

18–64 85.7 (0.3) 80.2 (1.6) 80.2

≥65 14.3 (0.3) 19.8 (1.6) 19.8

Sex
Female 75.4 (0.4) 51.3 (2.2) 51.3

Male 24.6 (0.4) 48.7 (2.2) 48.7

Ethnicity
Hispanic 3.6 (0.2) 17.8 (2.3) 17.8

Non-Hispanic 96.4 (0.2) 82.2 (2.3) 82.2

Race
White 88.0 (0.3) 75.1 (2.1) 75.1

African American 2.9 (0.2) 14.1 (1.8) 14.1

Other 9.1 (0.3) 10.8 (1.5) 10.8

Education
High school diploma or less 4.4 (0.2) 40.0 (2.4) 40.0

Some college or associate degree 16.4 (0.4) 31.0 (1.8) 31.0

Bachelor’s degree 34.9 (0.5) 18.4 (1.2) 18.4

Graduate degree 44.3 (0.5) 10.6 (0.6) 10.6

Region
Midwest 28.6 (0.4) 20.8 (1.4) 20.7

Northeast 37.7 (0.5) 17.4 (1.5) 17.4

South 21.3 (0.4) 38.1 (2.3) 38.1

West 12.5 (0.3) 23.8 (1.8) 23.8

Lower perceived social status: 1–6 32.3 (0.5) 50.9 (2.3) NA

Higher perceived social status: 7–10 67.7 (0.5) 49.1 (2.3) NA

COVID-19 vulnerability
No health conditions 77.0 (0.4) 71.5 (1.8) NA

≥1 health conditions 23.0 (0.4) 28.5 (1.8) NA

During modeling, all characteristics shown were controlled as potential confounders.

Perceived social status was measured using the MacArthur Scale of Subjective Social Status developed by Adler et al.8 COVID-19 vulnerability was based on the pres-
ence or absence of health conditions (heart disease, diabetes mellitus, lung disease, or any other condition that impairs immune function) identified by the CDC as risk
factors for severe COVID-19 presentation. National and state benchmarks for demographic characteristics came from the 2014–2018 American Community Survey 5-
year estimates and 5-year average, respectively; national and state benchmarks for individual health conditions (including prevalence of diabetes mellitus, and preva-
lence of heart disease) came from the CDC’s Behavioral Risk Factor Surveillance System (averaged across 2014–2018). CDC, Centers for Disease Control and Pre-
vention; COVID-19, coronavirus disease 2019; NA, not applicable; SE, standard error.
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as a whole and for Colorado, Michigan, New Jersey, New York,
and Pennsylvania in particular, where intent to comply was sta-
tistically negatively correlated with future COVID-19 disease
rates. One possible explanation for a stronger negative associa-
tion in those states compared with others is that those states were
affected early by the pandemic, and by the time of the survey,
residents in those states may have already begun to realize the
importance of mitigation measures to reduce COVID-19 spread,
and case increases may have already started to slow.

Compliance intent in this demographically representative
US sample is similar to our previously reported preliminary
data.7 This also is similar towhat was reported by Lennon et al.13

Their focus was on low “most certain” compliance for individual
recommendations; however, their aggregate average US compli-
ance across behaviors for “most certainly” and “probably yes”
Southern Medical Journal • Volume 114, Number 12, December 2021
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was 95.8%.13 Because we include “maybe,” “probably not,” and
“definitely not” for a weighted average, it is not surprising that
our comparable US aggregate average compliance of 93.18%
is slightly lower. Average compliance of 93.18% is higher than
individual behavior intent reported by Czeisler et al.14 Their
study of US adults reported 74.1% “always or often” wore face
coverings, 79.5% “always or often” practiced social distancing,
and 77.3% practiced self-isolation14; however, Czeisler and col-
leagues’ urban respondents (New York City and Los Angeles)
reported that 89.7% wore face coverings, 84.2% practiced social
distancing, and 83.8% practiced self-isolation.14 These are more
similar to our comparable deaggregated intentions to “most
certainly” or “probably yes” compliance intentions: 87% for wearing
a face mask, 89% for social distancing, and 94% for self-isolation.
Differences are partly the result of an aggregation effect; in our
747
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Fig. 1. Intent to comply with public health recommendation score by demographic, health, and geographic characteristics.
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comparable sample, 97% endorsed practicing cough etiquette and
96% endorsed staying home if unwell, raising our aggregate com-
pliance. Also, at the time Czeisler et al collected data (May 5–12,
Fig. 2. Intent to comply with public health recommendations (A) and
maps summarize these findings by state; the generated models were at t
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2020), the CDC recommended against general mask wearing as a
mitigation strategy. In our study, mask-wearing data were collected
only after the CDC endorsed general maskwearing in public. CDC
COVID-19 case trajectory (B) by states in the United States. The
he individual survey respondent level. COVID-19, coronavirus 2019.
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Fig. 3. Correlation between intent to comply and future COVID-19 burden (subsequent 30 days): on the national level, the higher the intent
to comply, the lower the future number of cases (P < 0.01). Models controlled for potential confounders including age, sex, race, ethnicity,
region, self-reported social status, health conditions increasing risk from COVID-19, and trust in information sources composite score.
The bars indicate the 95% confidence interval around the correlation coefficient. COVID-19, coronavirus 2019.
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opposition may have driven Czeisler and coworkers’ intentions
lower, and publicity around the change may have driven our inten-
tions higher. Our method of recruitment via snowball sampling and
post hoc raking to achieve demographic representation also may
have contributed to this difference. Given how much more similar
our values are to Czeisler and colleagues’ urban data, our methods
likely oversampled urban respondents to achieve demographic
representation. Although this suggests some limitation in apply-
ing our aggregate data to nonurban centers, our key finding is
not the intended compliance itself, but rather how intended com-
pliance correlates to actual health outcomes.

Public health response to a novel pathogen pandemic is largely
driven by prediction modeling.15 A systematic review of early
COVID-19 models showed high bias,16 suggesting that the
models would likely fare worse than expected. As the high bias
values predicted, COVID-19 models have been largely unsuc-
cessful.1 Even the best models remain limited, with MAPEs
>20% and assumptions that are unrealistic (eg, 95% mask com-
pliance).4 In contrast to these prediction models, our dependent
variable was a rate that could take zero values. Also, rather than
using the model for prediction, our major focus was on explaining
the association between intent to comply and future COVID-19
burden, controlling for an array of respondent characteristics avail-
able from the survey and rigorously weighting the data to make the
observed association generalizable to the population. For this rea-
son, we chose to look at the R2 in-sample goodness-of-fit statistic
rather than the MAPE, which measures out-of-sample forecast
accuracy. Although the substantial number of zero values for
our dependent variable prohibited us from calculating a MAPE
Southern Medical Journal • Volume 114, Number 12, December 2021
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measure to compare with existing models in the limited litera-
ture, an R2 of 17% for our model indicates an adequately fitted
linear regression model. In that sense, our model can be used to
supplement other predictionmodels by providing a lens into fac-
tors that explain differences in COVID-19 case trajectories.

Our approach avoids testing limitations and reliance on a
priori levels of compliance with single mitigation behaviors.
This enables us to identify the impact of overall local compli-
ance on local disease burden, which in turn enables local public
health decisions to be tailored to the specific needs of a given
community. Communities can look for particular low-compliance
behaviors or select behaviors easiest to remedy in an effort to
improve overall compliance. Improving average compliance by
a single point for a single item increases the composite intent
to comply score by 3%, and is estimated to yield a 9% decrease
COVID-19 cases during the subsequent 30 days.

Study limitations inherent to online, cross-sectional surveys
include inability to verify the veracity of responses, assess actual
compliance, and represent people without Internet access. Gener-
alizability also may be limited by the fact that survey responses
reflect a single moment in time per respondent. Social desirability
bias also may have influenced responses. We would, however,
expect this to change over time, and sensitivity analysis did not
show a meaningful difference between an April-only model and
the full-dataset model.

The key strengths of our study include the diversity and size
of the sample, which allowed us to statistically generate a demo-
graphically representative sample of the United States. Further-
more, we are able to describe a compliance relation with cases
749
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that demonstrates the benefit from even small improvements, and
further offers localities the ability to build a compliance program
tailored to the specific needs of their community—for example,
communities where social isolation is a near impossibility may
focus on other areas such as handwashing or mask wearing.

Conclusions
The findings of this study indicate that survey responses of population
intent to comply with COVID-19 public health recommendations are
associated with subsequent actual COVID-19 infection rates. This
approach offers health organizations an inexpensive, scalablemethod
for predicting outbreaks and targeting populations for education
campaigns to encourage compliance, in turn reducing infection.
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