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Abstract
The effort to limit the spread of the coronavirus (COVID- 19) 
has relied heavily on the general public's compliance with 
health guidelines limiting social contact and mitigating risk 
when contact occurs. The aim of this study was to identify 
latent variables underlying adherence to COVID- 19 guide-
lines and to examine demographic and psychological pre-
dictors of adherence. A sample of US adults (N = 1,200) 
were surveyed in late April to mid- May 2020. The factor 
structure of adherence was examined using exploratory 
factor analysis. Machine learning regression models using 
elastic net regularization were used to examine predictors 
of adherence. Two factors characterized adherence: avoid-
ance and cleaning. Elastic net models identified differen-
tial demographic and psychological predictors of these two 
forms of adherence. Religious affiliation, denial coping, 
full- time employment, substance use coping, and being 60 
or older predicted lower avoidance adherence. Behavioral 
and mindfulness emotion regulation skills, agreeableness, 
and Democrat political affiliation predicted greater avoid-
ance adherence. For cleaning adherence, interpersonal and 
behavioral emotion regulation skills and conscientiousness 
emerged as strong predictors of greater cleaning. Efforts 
to promote compliance with COVID- 19 health guidelines 
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INTRODUCTION

The novel coronavirus disease 2019 (COVID- 19) was declared a global pandemic by the World Health 
Organization on March 11, 2020 (Cucinotta & Vanelli, 2020). The first case was reported in the 
United States in early 2020, and infections have since spread across the country. Through testing, the 
United States has identified over 29 million COVID- 19 cases as of March 2021, with over 500,000 
deaths (CDC COVID Data Tracker, Retrieved March 19, 2021). Public health officials have urged 
the general public to adhere to guidelines aimed at reducing transmission of the virus and the health 
consequences of infection, which include a risk of hospitalization and death.

On March 16, 2020, the White House and United States Centers for Disease Control and Prevention 
(CDC) put out initial guidelines for behavioral recommendations for individuals to slow the spread of 
COVID- 19 (CDC, 2020). These behaviors included the following: working from home when possible; 
avoiding social gatherings of 10 or more people; avoiding eating or drinking at bars, restaurants, and 
food courts; avoiding discretionary travel, shopping trips, and social visits; and practicing good hy-
giene. After initial suggestions to the contrary, wearing face coverings was recommended by the CDC 
for non- healthcare professionals on April 3, 2020 (Chavez et al., 2020). While CDC guidelines were 
directed at everyone in the United States, regulation of COVID- 19 precautions varied by locality and 
across time. Perhaps because compliance with these guidelines entailed making substantial lifestyle 
changes, compliance with these guidelines has varied considerably (Kirzinger et al., 2020).

Predictors of adherence to COVID- 19 health guidelines

Understanding what predicts adherence to COVID- 19 health guidelines remains a public health prior-
ity. Researchers are in the early stages of identifying individual characteristics, which help to explain 
COVID- 19 adherence. To date, demographic characteristics, political affiliation, and risk for severe 
illness if infected have been identified as predictors. Women have consistently been found to be some-
what more adherent to COVID- 19 health guidelines compared with men (Clark et al., 2020; Czeisler 
et al., 2020; Nivette et al., 2021; Park et al., 2020; Pollak et al., 2020; Qeadan et al., 2020; Raude 
et al., 2020; Solomou & Constantinidou, 2020). Although the findings have been mixed, several stud-
ies have found age to be related to COVID- 19 health behaviors. Younger age has been associated 
with less (Solomou & Constantinidou, 2020) and greater (Steens et al., 2020) adherence in different 
studies. Another study failed to find a connection between age and COVID- 19 adherence (Clark 
et al., 2020). Political affiliation has also been tied to adherence, with evidence from geolocation data 
showing that residents of Republican (vs. Democratic) counties were less likely to comply with social 
distancing guidelines (Painter & Qiu, 2021). Finally, those as risk for severe illness (e.g. those with 
asthma, hypertension, or obesity) tend to report greater adherence (Qeadan et al., 2020).

Psychological vulnerability and the experience of mental health symptoms limit people's ability to 
function in a variety of ways, including successfully engaging in health behaviors. Research on other 

may benefit from distinguishing avoidance and cleaning 
adherence and considering predictors of each of these as-
pects of adherence.
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health behaviors has shown that mental health challenges such as anxiety and depression interfere 
with efforts to engage and persist with health behaviors (Hopko et al., 2017; Katon & Ciechanowski, 
2002). On the other hand, those with greater health anxiety or worry might be expected to engage in 
health behaviors more fully. In fact, in one study, depressive symptoms were associated with lower 
COVID- 19 adherence, whereas anxiety was associated with greater COVID- 19 adherence (Solomou 
& Constantinidou, 2020). Mental health research has identified important vulnerability and resilience 
factors that have been found to be key to mental health and also extend to physical health and health- 
promoting behaviors (Alloy & Riskind, 2006; Friedman, 2011). Many of these variables are likely to 
be important determinants of COVID- 19 adherence, though they largely have yet to be investigated.

To adhere fully to the health behaviors recommended by the CDC requires persistent planning and 
effort in the face of stressful circumstances and heightened emotions. Thus, there is reason to expect 
that individuals who utilize adaptive strategies to cope with stressful situations and are skilled at reg-
ulating their emotions to achieve their goals (Gross & Thompson, 2007) may be better equipped to 
fully adhere to COVID- 19 health guidelines. For example, maintaining disciplined cleaning behaviors 
and coordinating one's day- to- day activities while complying with social distancing and travel restric-
tions require strong coping skills and self- control. Consistent with this view, Wolff et al. (2020) found 
that self- control (i.e. the ability to control one's behavior to meet one's goals) was related to greater 
adherence to social distancing guidelines. Similarly, two studies have found that low perceived effi-
cacy for following COVID- 19 guidelines was related to lower adherence (Chong et al., 2020; Pollak 
et al., 2020). Finally, Chong et al. (2020) also found avoidance- based coping (i.e. strategies aimed at 
avoiding stressful situations, including self- distraction, denial, substance use, behavioral disengage-
ment, and self- blaming) was associated with less adherence to COVID- 19 guidelines. Thus, theory 
and existing research suggests that coping processes and emotion regulation skills are likely related 
to COVID- 19 adherence, but it is not yet clear which specific skills and coping strategies promote 
various forms of adherence.

This study

The present study sought to examine demographic and psychological predictors of COVID- 19 adher-
ence. We had two aims to achieve this overall goal. First, we planned to examine the factor structure 
of items assessing adherence to CDC- recommended COVID- 19 health guidelines. Second, informed 
by evidence of adherence factors, we planned to examine demographic and psychological variables 
as predictors of adherence.

To achieve these aims, we collected data in the United States from a diverse adult sample between 
April 24 and May 21, 2020. During this period, most states were under stay- at- home orders, with 
several states experimenting with loosening restrictions and targeted re- opening (Moreland et al., 
2020). COVID- 19 testing was not widely available for the general public, and no vaccines or known 
treatments existed. With the rapid changes that came with the pandemic, research teams developed 
their own measures of COVID- 19 health behaviors to meet the needs of the moment. Several research 
groups in the United States assessed degree of adherence to the guidelines put forth by the CDC; 
however, assessment strategies varied. Although overall scores have most often been used, there have 
been some indications that adherence may be composed of more than one factor (see Solomou & 
Constantinidou, 2020). It is important to identify the factors that account for adherence to COVID- 19 
health guidelines to inform efforts to identify predictors of adherence.

To examine predictors of adherence, we used elastic net regression to evaluate a set of 64 demo-
graphic and psychological factors. The set of predictors included demographic variables commonly 
assessed in health research, reflecting groups in which interventions may be aimed, as well as specific 
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psychological characteristics, including emotion regulation skills and coping strategies, which may 
inform the types of interventions that may be successful in promoting adherence. There are several 
advantages of elastic net over standard multivariate regression approaches. Elastic net models perform 
both regularization by penalizing coefficient estimates and variable selection by shrinking the coeffi-
cients of irrelevant predictors to exactly zero, dropping them out of the model (Zou & Hastie, 2005). 
These procedures help to prevent overfitting (i.e. identifying sample specific relations that are unlikely 
to generalize to other samples). Furthermore, elastic net was developed to handle large predictor sets 
(such as when p > n) and high correlations among predictors. Consistent with recommendations for 
elastic net models, we used cross- validation to select the best- fitting model using a training dataset 
and then evaluated the selected model in a separate validation dataset. This sophisticated analytic ap-
proach will allow us to examine the importance of demographic factors and key psychological factors 
in explaining adherence to COVID- 19 health behaviors.

METHODS

Sample

A convenience sample of adults (N  =  1,200) in the United States were recruited through Amazon 
Mechanical Turk (MTurk) to participate in an online study related to the COVID- 19 pandemic. To 
facilitate the collection of high- quality data in MTurk, procedures were implemented in line with rec-
ommendations by Aguinis et al. (2020). Participants were required to have a strong record of providing 
quality responses (i.e. at least a 95% MTurk HIT approval rate) and pass multiple attention check items 
embedded throughout the online assessment. Other screening procedures were also utilized, such as age 
and location verification and blockage of suspicious or duplicate IP locations. Participants received $5 
for completion of self- report surveys. Study procedures were approved by an institutional review board 
at the Ohio State University. The data that support the findings of this study are available on request 
from the corresponding author. The data are not publicly available due to privacy or ethical restrictions.

The mean age of the sample was 37.7 years (SD = 11.5). Of all participants, 59.0% identified as male, 
40.3% identified as female, and.5% identified as something else (e.g. gender fluid, non- binary). The racial 
breakdown of the sample was as follows: 73.8% white, 16.3% black, 6.1% Asian, 2.3% more than race, 
0.5% American Indian or Alaskan Native, and 0.1% Native Hawaiian or Pacific Islander. Approximately a 
fifth of the sample identified as Hispanic. Overall, the sample was relatively well educated, with 68.8% at-
taining at least a four- year college degree. A large majority (78.6%) reported having full- time employment 
prior to the start of the pandemic. At the time of the survey, 65.0% indicated they remained employed full- 
time. Participants tended to be married (56.5%) and live with at least one other person (81.5%).

Measures

Demographic predictors

Participants reported the following demographic information used in analyses: age, sex, race, ethnicity, 
sexual orientation, education level, employment status, income level, marital status, number of children, 
number of people in household, political affiliation, religious affiliation, and perceived health status. 
Participants were asked whether they have ever been diagnosed with a mental health condition and 
whether they are currently receiving mental health treatment. Participants also reported on particular 
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risk factors for COVID- 19, including whether they have a chronic health condition or are immunocom-
promised, or whether they are living in a household with someone who is 60 years of age or older or are 
at greater risk due to their physical health status. Participants reported the number of people they spoke 
to in the past week and the number of hours spent consuming pandemic- related media in the past week. 
The Financial Chronic Stress Scale (FCSS; Lantz et al., 2005) was used to assess financial strain.

Psychological predictors

Participants completed psychological inventories assessing mental health, stress, coping, and person-
ality. Symptoms of psychopathology were assessed with the following measures: generalized anxiety 
with the Generalized Anxiety Disorder Scale- 7 (GAD- 7; Spitzer et al., 2006); depressive symptoms 
with the Quick Inventory of Depressive Symptomatology- Self- Report (QIDS- SR; Rush et al., 2003); 
and health anxiety with the Health Anxiety Inventory (HAI; Salkovskis et al., 2002). Loneliness was 
assessed with the UCLA Loneliness Scale (version 3; Russell, 1996) and rumination (i.e. brooding and 
reflection) with the Ruminative Response Scale (RRS; Treynor et al., 2003). To assess perceptions of 
stress, the Perceived Stress Scale was used (PSS; Cohen et al., 1983). Disproportionality of depres-
sive reactions given one's life stress was assessed with the Proportionality of Depressive Reactions 
(PDR) measure (Pfeifer & Strunk, 2021). Attitudes toward pursuing one's goals were assessed with 
the Hope Scale (Snyder et al., 1991), which distinguishes agency and planning to accomplish goals. 
Negative attitudes about the future were assessed with the Hopelessness Scale (Beck et al., 1974). The 
Interpersonal Support Evaluation List- Shortened Version (ISEL- 12; Cohen et al., 1985) measured 
appraisal support, belonging support, and tangible support. Coping strategies were assessed with the 
COPE Inventory (Carver et al., 1989), which assesses 15 coping strategies (e.g. active coping, behav-
ioral disengagement, humor). Four emotion regulation skills (cognitive, behavioral, interpersonal, 
mindfulness) were measured with the Styles of Emotion Regulation Questionnaire (SERQ; Murphy 
et al., 2020). The big five personality traits of neuroticism, extraversion, openness to experience, 
conscientiousness, and agreeableness were measured with the NEO- Five- Factor Inventory 30- Item 
Short Version (NEO- FFI- 30; Körner et al., 2008). The Pittsburgh Sleep Quality Index (PSQI; Buysse 
et al., 1989) assessed sleep quality, and the Trauma History Screen (Carlson et al., 2011) was used to 
approximate trauma history.

COVID- 19 guideline adherence

We created a 12- item measure to assess the extent to which participants followed recommendations 
of the United States Centers for Disease Control and Prevention to slow the spread of COVID- 19. 
Participants rated their adherence in the past week on a Likert scale ranging from 0 (not at all) to 4 
(always).

Data analysis

Preliminary analysis

Data were split into training (70%, n = 840) and test (30%, n = 360) datasets. Using the training dataset, 
an exploratory factor analysis (EFA) was conducted to determine the factor structure of the COVID- 19 
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guideline adherence measure. Examination of the scree plot and parallel analysis determined the num-
ber of factors to retain. A promax rotation method was used in the event of multiple factors.

Data preprocessing

Predictor variables were screened for near- zero variance. Categorical predictor variables were dummy 
coded for analysis. Data had low levels of missingness (all scores <4%). Since elastic net models 
require complete data, data were imputed using the R package missForest, which is a random forest- 
based approach of multiple imputation (Stekhoven, 2013). This approach generates a single set of 
imputed values by averaging over multiple regression trees. It is a nonparametric method that can 
handle datasets with multiple types of data and has been shown to outperform some other commonly 
used imputation methods (Stekhoven & Buhlmann, 2012). Following multiple imputation, numeri-
cal predictor variables were standardised (M = 0, SD = 1) in line with elastic net model require-
ments (Zou & Hastie, 2005). Outcome variables were centered (M = 0) for ease of interpretation. 
Imputation, standardisation, and centering were performed separately for training and test datasets to 
preserve data independence. See Methods Supplement (Appendix S1) for more information on vari-
able preprocessing.

Primary analysis

Elastic net regularized regression (Zou & Hastie, 2005) was used to develop models of each of two 
forms of adherence. Elastic net combines ridge regression and LASSO regression penalties to shrink 
coefficient estimates and select relevant predictors from a large predictor set. Analyses were con-
ducted in R using the caret (Kuhn, 2020) and glmnet (Friedman et al., 2010) packages. A 10- fold 
cross- validation repeated 100 times was applied to the training dataset to determine the best- fitting 
model across a series of hyperparameters (i.e. the alpha and lambda values that corresponded to 
the lowest root mean squared error (RMSE)). Coefficients were obtained for the best- fitting model. 
Coefficient estimates reflect the relationship of each predictor with adherence (with each predictor 
standardised so that 1 unit reflects 1 SD), while also modeling the effects of the other covariates. 
Using only the predictor variables identified in the training dataset, the parameters of the best- fitting 
model were used to predict test dataset outcomes. Predicted outcome values were compared against 
the actual values in the test dataset to determine the model's predictive accuracy, as measured by the 
predicted coefficient of determination (R2).

RESULTS

Exploratory factor analysis

The EFA identified a two- factor solution given evaluation of the scree plot and parallel analysis. The 
second and third eigenvalues from the observed data were 1.47 and 0.93 compared with 1.15 and 1.11 
from the simulated data. Retaining two factors, five items loaded onto the first factor and four items 
loaded onto the second factor. One item loaded weakly onto the first factor (i.e. standardised regres-
sion coefficients less than 0.4; item 5), and two items exhibited low factor loadings and poor simple 
structure (i.e. loading similarly onto both factors; items 7, 12); therefore, these three items were not 
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included in subsequent analyses.1 Using the remaining items, two adherence subscale scores were 
created, which appeared to reflect avoidance and cleaning dimensions of adherence. Item loadings are 
presented in Table 1 along with subscale descriptive statistics in the full sample. Cronbach's alphas 
were.82 for the avoidance subscale and.78 for the cleaning subscale.

Among the full sample, average item- level response corresponded to a rating of adhering “most 
of the time” in the past week (item means ranged from 2.86 to 3.53). The avoidance and cleaning 
subscales were positively correlated (r = .48, p < .0001). Wearing a facemask was equally correlated 
with avoidance (r = .37, p < .0001) and cleaning (r = .37, p < .0001) subscales.

Model of avoidance adherence

Table 2 provides descriptive statistics for all predictor variables in the full sample. Using the training 
dataset, a model including 39 of the 64 predictors was selected as the best model for predicting avoid-
ance (hyperparameters: alpha = 0.1, lambda = 0.54). The model corresponded to a RMSE of 2.75 
and predicted 31.2% of the variance in the training dataset. Figure 1 presents model predictors ranked 
by absolute regression coefficient (i.e. absolute value of the beta weights). To highlight predictors 

T A B L E  1  Behavioral health adherence outcome measure

Avoidance Factor (M = 17.26, 
SD = 3.35)

Cleaning Factor 
(M = 12.71, SD = 3.12) Unloaded Items

6. I stay home as much 
as possible (M = 3.43, 
SD = 0.84).

1. I wash my hands often, 
using soap and water 
for at least 20 seconds 
(M = 3.35, SD = 0.93).

5. I carry out work or school activities from 
home to the maximum degree possible 
(M = 3.02, SD = 1.26).

8. I avoid all social gatherings 
(M = 3.44, SD = 0.89).

2. After being in public 
places, I always wash 
my hands or use hand 
sanitizer (M = 3.45, 
SD = 0.87).

7. I maintain a social distance of 6 feet or 
more from others (M = 3.33, SD = 0.87).

9. I avoid social gatherings 
of 10 or more people 
(M = 3.53, SD = 0.85).

3. I disinfect commonly 
used items and surfaces 
frequently (M = 2.86, 
SD = 1.17).

12. I wear a facemask whenever social 
distancing might be difficult (M = 3.10, 
SD = 1.24).

10. I avoid eating or drinking 
at bars, restaurants, and 
food courts (M = 3.51, 
SD = 0.90).

4. I avoid touching my 
eyes, nose, and mouth 
whenever I might 
have had contact with 
something that could 
be contaminated 
(M = 3.04, SD = 1.03).

11. I do not take discretionary 
trips (for travel, shopping, 
or social visits) (M = 3.30, 
SD = 0.98).

Participants received the following instructions: “Please indicate to what extent you have practiced the following behaviors in the 
past week.” Items were rated on a 5- point Likert scale with the following response options: 0 (not at all), 1 (sometimes), 2 (usually), 3 
(most of the time), 4 (always). Avoidance (range 0– 20) and cleaning (range 0– 16) factors were used in analyses.
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T A B L E  2  Descriptive statistics (N = 1200)

Predictor variable Mean (SD) or N (%)

Age 37.67 (11.50)

Sex— male 720 (60.00%)

Sexual minority 963 (80.25%)

Race— white 897 (74.75%)

Hispanic ethnicity 250 (20.83%)

Education

Less than high school 10 (0.83%)

High school or equivalent 97 (8.08%)

Some college/2- year degree 265 (22.08%)

4- year degree 601 (50.08%)

Some graduate school or graduate degree 227 (18.92%)

Religious 831 (69.25%)

Political Party Affiliation (variables were Republican and Democrat)

Republican 427 (35.58%)

Democrat 524 (43.67%)

Independent 249 (20.75%)

Immunocompromised— self 232 (19.33%)

Immunocompromised— other in household 305 (25.42%)

60 or older— self 65 (5.42%)

60 or older— other in household 305 (25.42%)

Full- time employment 825 (68.75%)

Married or living with a partner 798 (66.50%)

Any previous psychological diagnosis 383 (31.92%)

Current mental health treatment 189 (15.75%)

Time spent consuming media (hours/week) 5.03 (4.15)

Number of people spoken to (past week) 5.46 (3.86)

Number of people in household 1.97 (1.31)

Number of children 1.01 (0.99)

Number of types of traumatic events 2.92 (2.83)

Income

<$25,000 41 (3.42%)

$25,000– $34,999 116 (9.67%)

$35,000– $49,999 217 (18.08%)

$50,000– $74,999 321 (26.75%)

$75,000– $99,999 233 (19.42%)

$100,000– $149,999 142 (11.83%)

$150,000 or more 130 (10.83%)

Perceived health status 3.77 (0.96)

Financial strain (FCSS) 0.22 (2.36)

Generalized anxiety (GAD−7) 8.83 (6.37)

(Continues)
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with numerically larger standardised coefficients (<−0.25), religious affiliation, greater denial cop-
ing, full- time employment, substance use coping, and being age of 60 or older emerged as predictors 
of less avoidance adherence. Predictors of greater adherence (with standardised coefficients >0.25) 

Predictor variable Mean (SD) or N (%)

Depressive symptoms (QIDS- SR) 8.30 (5.45)

Health anxiety (HAI) 16.14 (9.67)

Perceived stress (PSS) 17.51 (7.63)

Agency (AHS) 23.95 (5.58)

Planning to accomplish goals (AHS) 24.38 (4.93)

Hopelessness (Hopelessness Scale) 6.44 (5.38)

Appraisal support (ISEL−12) 11.91 (3.08)

Belonging support (ISEL−12) 11.37 (3.04)

Tangible support (ISEL−12) 11.58 (2.92)

Openness (NEO- FFI−30) 12.45 (3.50)

Conscientiousness (NEO- FFI−30) 16.28 (4.05)

Extraversion (NEO- FFI−30) 13.22 (4.06)

Agreeableness (NEO- FFI−30) 14.17 (4.37)

Neuroticism (NEO- FFI−30) 11.35 (5.39)

Loneliness (UCLA Loneliness Scale) 44.71 (13.20)

Brooding (RRS) 11.72 (4.33)

Reflection (RRS) 12.44 (4.24)

Behavioral emotion regulation skill (SERQ) 3.88 (0.62)

Cognitive emotion regulation skill (SERQ) 3.76 (0.59)

Interpersonal emotion regulation skill (SERQ) 3.66 (0.64)

Mindfulness emotion regulation skill (SERQ) 3.96 (0.60)

Positive reinterpretation and growth (COPE Inventory) 12.09 (2.88)

Mental disengagement (COPE Inventory) 10.41 (2.71)

Focus on and venting of emotions (COPE Inventory) 10.22 (3.12)

Use of instrumental social support (COPE Inventory) 11.19 (3.17)

Active coping (COPE Inventory) 12.18 (2.55)

Denial coping (COPE Inventory) 7.99 (3.87)

Religious coping (COPE Inventory) 9.83 (4.56)

Humor coping (COPE Inventory) 10.15 (3.59)

Behavioral disengagement (COPE Inventory) 8.50 (3.70)

Restraint coping (COPE Inventory) 11.07 (2.61)

Use of emotional social support (COPE Inventory) 10.94 (3.39)

Substance use coping (COPE Inventory) 7.94 (4.01)

Acceptance coping (COPE Inventory) 11.91 (2.57)

Suppression of competing activities (COPE Inventory) 11.01 (2.49)

Planning coping (COPE Inventory) 12.45 (2.66)

Sleep quality (PSQI) 7.68 (4.30)

T A B L E  2  (Continued)
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were behavioral emotion regulation skills, agreeableness, mindfulness emotion regulation skills, and 
Democrat political affiliation. The model explained 31.1% of the variance in outcome in the test 
dataset.

Model of cleaning adherence

Again using the training dataset, a model including 28 of the 64 predictors was selected as the best 
model for predicting cleaning (hyperparameters: alpha  =  0.2, lambda  =  0.46). The model corre-
sponded to a RMSE of 2.85 and predicted 19.1% of the variance in the training set. Figure 2 presents 
model predictors ranked by absolute regression coefficient (i.e. absolute value of the beta weights). 
Predictors of greater cleaning adherence with numerically larger standardised coefficients (>0.25) 
were as follows: interpersonal emotion regulation skills, behavioral emotion regulation skills, and 
conscientiousness. Currently receiving mental health treatment predicted lower cleaning adherence. 
The model explained 15.7% of the variance in outcome for the test dataset.

DISCUSSION

We were able to predict adherence to behaviors intended to slow the spread of COVID- 19 in the United 
States using a machine learning approach and elastic net regularized linear regression. Analyses sug-
gested adherence was best characterized by two factors: avoidance and cleaning. These factors align 
with a recently reported principal component analysis that identified two very similar components of 
adherence, consisting of social distancing and cleaning behaviors (Solomou & Constantinidou, 2020). 
In the present study, demographic and psychological characteristics predicted adherence to avoidance 
behaviors somewhat more strongly than cleaning behaviors, with each model accounting for 31.1% 
and 15.7% of the variance in the test dataset, respectively. These values are comparable to variance 
accounted for in a recent study that examined several domains of predictors of COVID- 19 adherence 
(Raude et al., 2020). The elastic net models also identified substantially different predictors of avoid-
ance and cleaning adherence. Only 16 predictors were included in both the avoidance and cleaning 
models, and only one predictor with a regression coefficient over 0.25 was common to both models: 
behavioral emotion regulation skill, which was related to greater adherence in both models. The dif-
ferential predictive accuracy and differences in the predictors identified provide further evidence of 
the importance of distinguishing between avoidance and cleaning adherence.

Predictors of avoidance

Among the top predictors of avoidance adherence were denial and substance use coping, which are 
considered avoidant coping strategies associated with a variety of negative psychological outcomes 
(Litman, 2006). Those who tend to use denial as a coping strategy may underestimate COVID- 19 
risks and therefore more often make social contacts in ways contrary to guidelines. This result appears 
compatible with studies, which have found a connection between adherence and knowledge about 
COVID- 19, perceptions of COVID- 19 risk, and belief in the efficacy of public health measures (Al 
Hasan et al., 2020; de Bruin & Bennett, 2020; Clark et al., 2020). Our finding regarding denial coping 
may be related to the previously reported association between COVID- 19 skepticism and less engage-
ment in COVID- 19 health behaviors (Latkin et al., 2021). The present study also found that those 
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who tend to use drugs or alcohol when they experience stress reported lower avoidance adherence. 
Lower adherence among substance users may be due to the social nature of activities such as drinking, 
which are discordant with avoidance recommendations, lower inhibitions, or emotion regulation dif-
ficulties, which contribute to both substance use and reduced adherence behavior. These results align 
with Chong et al. (2020) who found that avoidance- based coping was associated with less adherence 
in Hong Kong.

Next, we turn to demographic characteristics and factors that would place one at risk for serious 
illness if infected. Participants affiliated with a religion reported less avoidance adherence. It may be 
that religiously affiliated participants valued attendance at religious services (or other social events) 

F I G U R E  1  Predictors of Avoidance Adherence. Note. Predictors dropped from the model (i.e. coefficient 
regularized to zero) not included in figure
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highly enough to take additional risks. Ours is the first study to our knowledge to find a connection 
between religious affiliation and adherence to COVID- 19 social distancing measures. Future research 
is needed to explore this connection. Full- time employment also predicted lower avoidance adherence, 
perhaps reflecting these participants’ work responsibilities keeping them from distancing more exten-
sively and also leading them to feel more comfortable socializing in other contexts (as most adherence 
items are not specific to social distancing at work). At least one other study has found that employed 
individuals were less likely to adhere to avoidance recommendations (Czeisler et al., 2020). We also 

F I G U R E  2  Predictors of Cleaning Adherence. Note. Predictors dropped from the model (i.e. coefficient 
regularized to zero) not included in figure
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found that identifying as a Democrat was associated with greater adherence to avoidance behaviors, in 
line with previous findings (Painter & Qiu, 2021).

More favorable self- reported health was associated with lower avoidance adherence. This finding 
is in line with previous research reporting lower adherence behaviors among those who perceived 
their risk of adverse outcomes related to COVID- 19 to be low (de Bruin & Bennet, 2020; Chong 
et al., 2020; Clark et al., 2020; Pollak et al., 2020). On the other hand, advanced age is a risk factor 
for adverse outcomes of COVID- 19. Despite this risk, we found that those aged 60 or older were 
less likely to adhere to avoidance guidelines than those below age 60. As previously noted, research 
on adherence across age groups has been quite mixed, though most studies finding a relationship 
between age and adherence have found relatively higher adherence among the oldest age cohorts 
(Clark et al., 2020; Czeisler et al., 2020; Latkin et al., 2021; Park et al., 2020; Qeadan et al., 2020; 
Solomou & Constantinidou, 2020; Steens et al., 2020). Our own visual examination of the unad-
justed association between avoidance adherence and age suggested that this adherence appeared to 
be higher among older participants, but only among those at the higher end of our older age group 
(i.e. age 68 –  79). Caution with regard to our finding for older age is also warranted because we had 
representation of older adults (5.4%) that was lower than the minimum recommended (20%; Cohen 
et al., 2020).

Finally, behavioral and mindfulness skills were identified as predictors of avoidance adherence. 
The finding for behavioral emotion regulation skills is particularly interesting as this was among the 
strongest predictors of both avoidance and cleaning adherence. These skills reflect the ability to stay 
on track with plans, suggesting that the ability to follow through with plans is important to follow-
ing through with guidelines. Mindfulness, which partly reflects acting with intention and awareness 
of one's underlying motivations, appears to reflect a complementary skill that aids in compliance. 
Participants tended to report relatively high levels of use of each of these skills, indicating that they 
use them “often” on average. Other research groups have found that related constructs such as self- 
efficacy (Chong et al., 2020), self- control (Nivette et al., 2021; Wolff et al., 2020), and perceived be-
havioral control (Raude et al., 2020) were related to COVID- 19 behavioral health adherence. Finally, 
consistent with Clark et al. (2020), those who were more agreeable reported greater adherence to 
avoidance recommendations (though agreeableness was not identified as a predictor of cleaning 
adherence).

Predictors of cleaning

Compared with avoidance adherence, this model showed more limited prediction of cleaning adher-
ence (predicted R2  =  .16), with fewer predictors emerging. Interpersonal and behavioral emotion 
regulation skills and conscientiousness were the strongest predictors of greater cleaning. Those high 
in interpersonal skills tend to have strong social connections and actively nurture social relationships. 
Such participants might be adherent to cleaning procedures to protect others, but be less inclined to 
adhere in ways that conflict with social connections. The relation between conscientiousness and 
cleaning is understandable, as trait conscientiousness involves neatness and self- discipline (Costa 
et al., 1991). The relation of conscientiousness to avoidance adherence was much weaker.

Prior research has found women to be somewhat more adherent to COVID- 19 guidelines than men. 
Female sex emerged as a predictor of greater adherence in the cleaning model, but sex was not selected 
as a predictor of avoidance adherence. A final predictor of cleaning adherence that merits comment 
is current mental health treatment; those receiving mental health services reported lower cleaning 
adherence. It is possible that those receiving mental health services were experiencing greater mental 
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health problems that impeded their ability to engage in recommended cleaning behaviors. While few 
variables assessing psychopathology emerged as important predictors in the cleaning model, those 
that were selected (e.g. psychological diagnosis, health anxiety) were associated with lower cleaning. 
No mental health variables emerged as strong predictors in the avoidance model.

Limitations

A few limitations merit comment. First, the adherence outcome variable was based on self- report. 
As a result, responses may have been influenced by participants’ desire to respond in a manner they 
believe to be socially desirable. However, efforts to ensure responses would remain confidential hope-
fully helped participants respond honestly. Future research is needed to evaluate the psychometric 
properties of this COVID- 19 adherence measure. Second, categorical predictor variables with small 
numbers of participants in specific categories were collapsed to ensure sufficient representation in 
each category (e.g. racial group categories were recoded to white/non- white). Differences across these 
groups may merit further evaluation. Third, analyses were based on cross- sectional data. Furthermore, 
this investigation focused on predictors of adherence in the early stages of the pandemic in the United 
States. Both adherence and predictors of adherence may vary over time, a possibility that we plan to 
investigate with subsequent longitudinal data.

CONCLUSION

Findings of this study suggest two distinct factors underlying adherence to COVID- 19 guidelines: 
one that reflects limiting or avoiding social contact and one that reflects cleaning activities. Elastic 
net models identified markedly distinct sets of predictors of these two forms of adherence. However, 
emotion regulation skills emerged as particularly important predictors of greater adherence in both 
models. The connection between behavioral control and COVID- 19 adherence has also been identi-
fied by other researcher teams (Chong et al., 2020; Raude et al., 2020; Wolff et al., 2020). This is 
a promising finding because emotion regulation skills can be learned. One of the goals of cognitive 
behavioral therapy, for example, is to teach emotion regulation skills and help clients implement these 
skills in their lives. Interventions aimed at promoting emotion regulation skills to improve mental 
health functioning may also improve adherence to COVID- 19 health behaviors. Interventions that 
emphasize being action- oriented and taking concrete steps to plan and follow through with avoidance 
and cleaning behaviors may promote adherence to COVID- 19 guidelines. Future research on promot-
ing adherence should examine the impact of behavioral skill interventions, such as goal setting, break-
ing tasks into small steps, behavior tracking, and identifying and addressing implementation barriers.

Other identified predictors provide important clues about the kinds of interventions that might 
successfully reach those showing low levels of adherence. As denial coping emerged as a top predic-
tor of lower avoidance behaviors, including social distancing, campaigns may benefit from efforts to 
combat COVID- 19 denial and strategically correct misinformation about the virus and public safety 
measures (Pennycook et al., 2020). Relevant demographic predictors point to groups, which may be 
important targets for COVID- 19 adherence interventions. For example, our results raise the possibility 
that interventions could be geared toward religious communities. Taken together, efforts to promote 
compliance with COVID- 19 health guidelines may benefit from distinguishing avoidance and clean-
ing behaviors. Demographic and psychological predictors of each of these aspects of adherence may 
inform how and for whom targeted intervention strategies be implemented. Future research is needed 
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to experimentally test interventions to promote COVID- 19 adherence that are informed by the rela-
tionships identified in naturalistic studies.
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