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Abstract

Background

The COVID-19 pandemic yielded a substantial increase in worldwide prevalence and sever-

ity of anxiety, but less is known about effects on anxiety treatment.

Objective

We evaluated effects of the COVID-19 pandemic on responses to Cognitive Behavioral

Therapy for anxiety, in a clinically heterogeneous sample of patients.

Methods

A sample of 764 outpatients were separated into four groups: (1) Pre-pandemic (start date

on or prior to 12/31/2019), (2) Pandemic-Onset (start date from 01/01/2020 to 03/31/2020),

(3) During-Pandemic (start date from 04/01/2020 through 12/31/2020), and (4) Post-Pan-

demic (start date on or after 01/01/2021). We subsequently compared treatment trajectories

and effects within and between these groups over 5621 total time points (mean of 7.38 mea-

surements per patient).

Results

Overall, patients presented with moderate levels of anxiety (M = 13.25, 95%CI: 12.87,

13.62), which rapidly decreased for 25 days (M = 9.46, 95%CI: 9.09, 9.83), and thereafter

slowly declined into the mild symptom range over the remainder of the study period (M =

7.36, 95%CI: 6.81, 7.91), representing clinically as well as statistically significant change. A

series of conditional multilevel regression models indicated that there were no substantive

differences between groups, and no increase in anxiety during the acute pandemic phase.

Conclusions

Our results suggest that responses to treatment for anxiety were equivalent before, during,

and after the COVID-19 pandemic. Among patients who were in treatment prior to the pan-

demic, we failed to detect an increase in anxiety during the pandemic’s acute phase (March

20th, 2020 through July 1st, 2020).
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Introduction

It is well established that the COVID-19 pandemic led to adverse effects on mental health for

the population as a whole [1–5], and vulnerable subgroups in particular [6, 7]. Anxiety demon-

strably increased substantially from the pandemic’s onset in early 2020 [8–10], through the

first availability of vaccinations in early 2021 (dubbed by some as the “light at the end of the

tunnel”) [11]. To quantify these trends: One large meta-analytic study with over two million

adults found that 35% had significant anxiety during the pandemic [2], and the World Health

Organization estimated a 25% increase overall [12, 13]. These effects are not surprising given

that intolerance of uncertainty–which was rampant during the pandemic given high levels of

perceived threat–is a key factor in the development and severity of anxiety [14, 15].

Less is known about the effects of the pandemic on treatment for anxiety. On the one hand,

there is reason to believe that COVID-19 was detrimental to anxiety treatment. During 2020, sev-

eral helpful commentaries and case reports were rapidly published to provide clinicians with spe-

cific strategies to support patients with pre-existing anxiety by bolstering treatment delivery [16,

17]. In retrospect, these efforts were well-warranted since it is now known that a history of mental

health treatment prior to the pandemic predicted greater likelihood of having symptoms meeting

criteria for Generalized Anxiety Disorder during the pandemic [18]. On the other hand, one study

found that individuals who received Cognitive Behavioral Therapy (CBT) for social anxiety disor-

der prior to the pandemic, benefited from enduring effects [19]. Similarly, in another study of

patients with severe obsessive-compulsive disorder, the trajectory and outcomes of intensive CBT

was similar among those receiving treatment prior to vs. during the pandemic [20]. These findings

are encouraging, and may suggest that the acquisition of cognitive and behavioral skills is a harbin-

ger of better mental health, even in the context of uniquely high worldwide stress. However, further

research in more clinically diverse samples is needed to assess whether CBT for anxiety was equally

effective for those who entered treatment during the pandemic, compared to before, or after.

We therefore evaluated responses to anxiety treatment before, during, and after the pandemic,

in a clinically heterogeneous sample of patients presenting to a naturalistic outpatient setting. We

separated patients into four groups, in accordance with a COVID-19 pandemic timeline proposed

by the Yale School of Medicine [21]: (1) Pre-pandemic: Those who entered and completed treat-

ment before the start of the pandemic (start date on or prior to 12/31/2019); (2) Pandemic-Onset:
Those who were in treatment during the onset of the pandemic (start date from 01/01/2020 to 03/

31/2020); (3) During-Pandemic: Those who commenced treatment after the onset of the pandemic

(start date from 04/01/2020 through 12/31/2020); and (4) Post-Pandemic: Those who entered

treatment once vaccines started to become available (start date after 01/01/2021). Subsequently,

we assessed and compared treatment trajectories and effects within and between these groups.

We also examined whether patients in treatment during the pandemic experienced any specific

changes in anxiety during the initial acute phase of COVID-19 (March 20th 2020 through July 1st

2020). We hypothesized that patients presenting to treatment prior to (group 1) and after the pan-

demic (group 4) would benefit more from treatment than those who received treatment during

the pandemic’s onset or prior to the availability of vaccines (groups 2 and 3). We further hypothe-

sized that anxiety would worsen during the initial acute phase of the pandemic.

Materials and methods

Procedures & participants

Data was collected from adult patients presenting to the offices of Center for Anxiety, a multi-

site outpatient clinic in the northeastern United States between 10/1/2019 and 3/1/2021. The

study was approved by the Touro University Institutional Review Board for the Protection of
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Human Subjects, protocol # IRB1-2023-003. At treatment intake, patients provided written

informed consent to have data from their clinical questionnaires and medical records used in

research. Medical record data was assessed retrospectively and was fully de-identified prior to

access by the study team. At intake and at each treatment session, patients were asked to com-

plete self-report measures of anxiety using Psych-Surveys™ software. At intake, patients also

received a general psychosocial interview, as well as the Miniature International Neuropsychi-

atric Interview [22]. Inclusion criteria for the current study included age 18 years or older, and

completion of anxiety measure at intake plus at least three additional times within the first 100

days treatment. We included only measurements that took place within the first 100 days of

treatment, since measurements post 100 days were highly variable and sparse; this resulted in

the exclusion of only 0.3% of patients. Our final sample included 764 patients, with anxiety

assessed at 5621 total time points, representing a mean average 7.38 anxiety measurements per

patient. Group sizes were as follows: Pre-pandemic (n = 221), (2) Pandemic-Onset (n = 42), (3)

During-Pandemic (n = 104), (4) Post-Pandemic (n = 384).

All patients were provided with Cognitive-Behavioral Therapy (CBT) and/or Dialectical

Behavior Therapy (DBT) as per usual clinic procedures. While no standardized treatment pro-

tocols were used given the naturalistic setting, a chart review revealed that a variety of specific

cognitive and dialectical behavior therapy techniques were utilized including psychoeducation,

monitoring of symptoms/target behaviors (e.g., thought records, diary cards), exposure,

response prevention, behavioral activation, identifying and restructuring cognitive distortions,

as well as mindfulness and acceptance. Therapists included doctoral level trainees as well as

master’s level clinicians, all of whom received weekly supervision and additional consultation

as needed throughout treatment by a licensed provider. This study was approved by the Touro

University Institutional Review Board for the Protection of Human Subjects.

Measures

Demographic information was collected from electronic health records, and obtained from

patients using a combination of self-report items and a semi-structured interview at intake.

Diagnoses were assessed with Miniature International Neuropsychiatric Interview [22],

and conferred by supervising licensed doctoral-level staff.

Levels of anxiety were assessed at intake and each subsequent session using the GAD-7, a

seven-item self-report measure of generalized anxiety symptoms that is used to assess for anxi-

ety in a variety of clinical settings [23]. The scale yields a single total score between 0 and 21

and can be interpreted using four validated levels of anxiety severity: “Minimal” (0–4) “Mild”

(5–9); “Moderate” (10–14) and “Severe” (15–21) [23].

Statistical analyses

Given unequal group sizes, we modeled changes in anxiety over the course of treatment using

multilevel growth curve models [24], which are widely used in psychotherapy research since they

are robust, allow for missing data, handle designs with varying measurement times, and control

for unmeasured between-subject differences. Models were estimated with the lme4 library [25]

using restricted maximum likelihood estimation, and coefficients tested with the lmerTest library
[26] in the R programming language [27]. Non-linear terms were constructed using Orthogonal

Polynomials estimated by the poly function in the stats package [27], plots were created using the

sjPlot library [28]. Descriptive statistics and preliminary analyses were calculated in SPSS 23.

Power analyses for longitudinal multilevel regression models require complex simulations

with extensive assumptions to provide accurate estimates of power [29]. Given the complex

nature of our analyses, we were unable to develop reasonable assumptions. However, previous
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simulation studies indicate that multilevel modeling is highly robust and yields unbiased esti-

mates of fixed effects even in small samples (e.g., as many as 10 groups with as few as five units

each [30], and that these models generally require few cases to have sufficient power (e.g., as

many as 50 groups with as few as five observations each [31]). Following these heuristics, we

estimated that the current sample was likely to capture even small effects.

Results

Preliminary analyses

Demographic and clinical characteristics of each group within the sample are presented in

Table 1. Results indicated that groups did not differ significantly in terms of any demographic

variables. Subsequent analyses therefore did not include demographic covariates. Similarly, or

diagnoses and levels of anxiety at intake were also statistically equivalent between groups.

Groups also had equivalent numbers of weekly sessions, suggesting that treatment was not

more or less intensive for any particular group.

Treatment effects

Examination of raw treatment trajectories (Fig 1) suggested that changes in anxiety over the

course of treatment was best described by a cubic pattern, with an initial period of rapid

Table 1. Demographic & clinical characteristics of the sample.

Variable Pre-pandemic (on or before
12/31/2019)

Pandemic-Onset (01/01/2020-
03/31/2020

During-Pandemic (04/01/2020-
12/31/2020)

Post-Pandemic (1/1/2021 and
thereafter)

Test Statistics

n 221 42 104 384

Demographic Characteristics

Age M(SD) 30.67 (10.68) (26.42) 7.87 35.34 (15.47) 31.92 (13.77) F(3,550) = 3.79

Gender (female) 63% 71% 56% 61% χ2(6,598) =

15.90

Marital Status Single 64% Single 76% Single 58% Single 67% X2(15,600) =

13.01Married 28% Married 24% Married 29% Married 25%

Sep/Div 5% Sep/Div 0% Sep/Div 7% Sep/Div 4%

Cohab 3% Cohab 0% Cohab 6% Cohab 3%

Household size M
(SD)

3.11 (1.55) 2.88 (1.61) 2.93 (1.58) 2.95 (1.54) F(3,596) = .62

College Graduate 63% 67% 63% 64% χ2 (12,600) =

14.12

Unemployed 11% 7% 13% 11% χ2(21,600) =

26.29

Clinical Characteristic

Anxiety M = 13.52 M = 14.38 M = 13.33 M = 13.10 F(3, 598) = .75

M (SD) SD = 5.18 SD = 5.20 SD = 5.79 SD = 5.35

Diagnoses Anxiety 66% Anxiety 50% Anxiety 62% Anxiety 64% χ2 (3, 554) <

8.4

OC 23% OC 8% OC 20% OC 23% for all analyses

Mood 39% Mood 50% Mood 45% Mood 41%

Other 12% Other 16% Other 18% Other 30%

Weekly Sessions .86 (.52) .92 (.39) .92 (.53) .84 (.44) F(3, 748) = 1.11

Notes: All tests were not significant (p-level adjusted for multiple comparisons); n differs slightly between analyses due to missing data for some patients; Unemployed

excludes homemakers, students, and retirees; Anxiety refers to GAD-7 scores at intake; Diagnoses sum to more than 100% as some patients presented with multiple

concerns.

https://doi.org/10.1371/journal.pone.0296949.t001
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decline lasting roughly 25 days followed by a longer period of slower improvement that slowly

trailed off over roughly 75 days. Consistent with these descriptive data and previous research

[32] results indicated that a model allowing for individual random variation in the linear and

non-linear rates of change was the best fit for our data (Table 2). Specifically, cubic models fit

significantly better than simpler linear models (ΔAIC = -10.99, ΔBIC = -5.36, χ2(1) = 12.99, p =

.0003), quadratic models (ΔAIC = -10.99, ΔBIC = -5.36, χ2(1) = 12.99, p = .0003) and log-linear

models (ΔAIC = -10.99, ΔBIC = -5.36, χ2(1) = 12.99, p = .0003). Coefficients for a baseline

cubic treatment model are presented in Table 3. These indicate that on average, patients pre-

sented with moderate levels of anxiety (M = 13.25, 95%CI: 12.87, 13.62), which rapidly

decreased for 25 days (M = 9.46, 95%CI: 9.09, 9.83), and thereafter slowly declined into the

mild symptom range over the remainder of the study period (M = 7.36, 95%CI: 6.81, 7.91).

Fig 1. Changes in anxiety before, during, and after the COVID-19 pandemic.

https://doi.org/10.1371/journal.pone.0296949.g001

Table 2. Multilevel regression models of anxiety over the course of clinical treatment.

df AIC BIC -2LL Χ2 p
Baseline Models

M0: Intercept Only 3 319009 31929 -15951

M1: Linear Time 6 30424 30463 -15206 1491.27 < .0001

M2: Quadric Time 10 29739 29806 -14860 692.31 < .0001

M3: Cubic Time 15 29508 29608 -14739 241.17 < .0001

Conditional Models

M4: Intake period (Intercept only) 18 29511 29630 -14737 3.46 0.33

M5: Intake period (Slopes) 27 29521 29700 -14733 7.80 0.55

M6: Acute Pandemic (Intercept) 28 29522 29708 -14733 .62 0.43

Notes: All models were based on 764 patients and 5621 observations and including random intercepts and slopes for each patient

https://doi.org/10.1371/journal.pone.0296949.t002
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These results represent both clinically as well as statistically significant change in the sample as

a whole.

Pandemic effects

Building upon the above baseline model, we estimated a series of conditional multilevel regres-

sion models to assess if the course of anxiety differed between the above-mentioned four

groups in our sample: (1) Pre-pandemic, (2) Pandemic-Onset, (3) During-Pandemic, (4) Post-
Pandemic. Model comparisons are reported in Table 3 and indicate that there were no sub-

stantive differences between these groups: All entered treatment with roughly the same (mod-

erate) levels of anxiety, all progressed through treatment in a similar cubic pattern, and all

terminated with similar (mild) levels of anxiety. These results suggest that responses to psycho-

therapy for anxiety were equivalent before, during, and after the COVID-19 pandemic. Fur-

thermore, among patients who were in treatment at the start of the pandemic (groups 2 and

3), an additional model assessing whether levels of anxiety increased during the initial acute

phase of COVID-19 (March 20th 2020 through July 1st 2020) was similarly non-significant,

suggesting that existing patients did not experience increased in anxiety over that time

(Table 2, Model M6).

Discussion

In this study, we examined effects and trajectories of anxiety treatment within a large and clini-

cally diverse sample of patients presenting prior to, during, and after the COVID-19 pandemic.

Contrary to our expectations, the course of anxiety and its treatment effects were equivalent

among patients, irrespective of when they entered treatment. That is, irrespective of when

patients commenced or terminated treatment, they had roughly the same levels of anxiety at

the start of treatment, they then experienced a cubic pattern of anxiety change characterized

by an initial period of rapid decline lasting roughly 25 days, followed by a longer period of

slower improvement that slowly trailed off over roughly 75 days, and treatment resulted in

similar levels of anxiety 100 days after patients’ initial sessions. These results are consistent

with a large body of literature highlighting the efficacy and effectiveness of CBT for anxiety-

related concerns (e.g., [33–35]), which includes several studies demonstrating large, stable,

and enduring effects [36–38]. Our findings support and extend this work by suggesting that

treatments for anxiety are effective, even in the context of uniquely heightened periods of pro-

longed stress. While treatment was not standardized, the naturalistic setting of our study has

Table 3. Unconditional multilevel regression models (treatment effects).

Fixed Effects B SE t p
Intercept 9.65 0.17 57.76 < .00001

Linear Time -118.85 5.30 22.42 < .00001

Quadratic Time 61.36 4.28 14.32 < .00001

Cubic Time -26.60 3.62 7.34 < .00001

Random Effects SD Linear Quadratic Cubic

Intercept 4.43 .03 -.26 .08

Linear Time 107.50 -.21 -.30

Quadratic Time 84.83 -.54

Cubic Time 2.31

Notes: Model based on n = 764 patients and 5621 observations; Time represents the number of days since intake and was coded using Orthogonal Polynomials.

https://doi.org/10.1371/journal.pone.0296949.t003
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ecological validity and highlights the real-world value of CBT and DBT, even when delivered

under unusual conditions.

Of potentially even greater significance, we found that pre-pandemic patients did not expe-

rience a discernable increase in anxiety during the initial acute phase of COVID-19. As noted

above, this period of time was marked by significant mental distress [8–10] due to intense

uncertainty, strain, and social isolation. The initiation of the COVID-19 pandemic was likely

of particular concern for anxiety treatment-seekers, who experienced the additional stress of

shifting to 100% telehealth in delivering their treatment, over the span of just a few weeks. Our

findings optimistically suggests that the acquisition of psychosocial skills is a key predictor of

mental health, wellbeing, and resilience–those who acquire such skills can benefit, even when

facing to significant life stressors. Our findings also suggests that, ironically, those who experi-

enced anxiety prior to the pandemic and took the opportunity to enter treatment, may have

been better off than others who had never experienced significant anxiety before the pandemic.

In this regard, previous experience of anxiety leading to treatment may reduce future suscepti-

bility to symptoms in the context of increased stress.

Our study has several limitations that should be noted. First, our sample was demographi-

cally and clinically diverse, but highly educated overall and geographically specific to the

northeastern United States. Treatment effects over the course of the pandemic might have

been different within other regions, countries, or populations. Second, while multilevel model-

ing is robust to differences in group size, the pandemic-onset group was substantially smaller

than the others. While this likely represents a smaller date range for group 3, it may also reflect

that timing of psychosocial challenges and limited availability of in-person services can pre-

clude entry into treatment. Our results should therefore not be construed to represent or

reflect aggregate effects of stressors on anxiety overall, rather effects of the pandemic on the

course and effects of symptoms among treatment-seekers. Finally, our study is limited to an

analysis of anxiety, and treatment effects on other symptoms such as depression and substance

abuse–both of which increased substantially during the pandemic [39, 40]–might have varied

over the course of 2020.

In sum, our results indicate that response to anxiety treatment was strikingly similar for

patients presenting before, during, and after the COVID-19 pandemic, suggesting that acquisi-

tion of skills to cope with anxiety is protective even in the context of a global crisis.
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28. Lüdecke D (2023). sjPlot: Data Visualization for Statistics in Social Science. R package version 2.8.14,

https://CRAN.R-project.org/package=sjPlot.

29. Hoffman L, Rovine MJ. Multilevel models for the experimental psychologist: Foundations and illustrative

examples. Behav Res. 2007; 39(1):101–117. https://doi.org/10.3758/bf03192848 PMID: 17552476

30. Mass CJ, Hox JJ. The consequences of estimation in the presence of nonindependence: An example

from multilevel modeling. Qual Quant. 2005; 39(5):457–473.

31. Hox JJ. Multilevel Analysis: Techniques and Applications. 2nd ed. Routledge; 2010.

32. Baldwin SA, Berkeljon A, Atkins DC, Olsen JA, Nielsen SL. Rates of change in naturalistic psychother-

apy: Contrasting dose–effect and good-enough level models of change. J Consult Clin Psychol. 2009;

77(2):203–211. https://doi.org/10.1037/a0015235 PMID: 19309180

33. Kendall PC, Peterman JS. CBT for Adolescents With Anxiety: Mature Yet Still Developing. AJP. 2015;

172(6):519–530. https://doi.org/10.1176/appi.ajp.2015.14081061 PMID: 26029805

34. Carpenter JK, Andrews LA, Witcraft SM, Powers MB, Smits JAJ, Hofmann SG. Cognitive behavioral

therapy for anxiety and related disorders: A meta-analysis of randomized placebo-controlled trials.

Depress Anxiety. 2018; 35(6):502–514. https://doi.org/10.1002/da.22728 PMID: 29451967

35. Olatunji BO, Cisler JM, Deacon BJ. Efficacy of Cognitive Behavioral Therapy for Anxiety Disorders: A

Review of Meta-Analytic Findings. Psychiatr Clin North Am. 2010; 33(3):557–577. https://doi.org/10.

1016/j.psc.2010.04.002 PMID: 20599133

36. van Dis EAM, van Veen SC, Hagenaars MA, Batelaan NM, Bockting CLH, van den Heuvel RM, et al.

Long-term Outcomes of Cognitive Behavioral Therapy for Anxiety-Related Disorders: A Systematic

Review and Meta-analysis. JAMA Psychiatry. 2020; 77(3):265–273. https://doi.org/10.1001/

jamapsychiatry.2019.3986 PMID: 31758858

37. Springer KS, Levy HC, Tolin DF. Remission in CBT for adult anxiety disorders: A meta-analysis. Clin

Psychol Rev. 2018; 61:1–8. https://doi.org/10.1016/j.cpr.2018.03.002 PMID: 29576326

38. DiMauro J, Domingues J, Fernandez G, Tolin DF. Long-term effectiveness of CBT for anxiety disorders

in an adult outpatient clinic sample: A follow-up study. Behav Res Ther. 2013; 51(2):82–86. https://doi.

org/10.1016/j.brat.2012.10.003 PMID: 23262115

39. Ettman CK, Abdalla SM, Cohen GH, Sampson L, Vivier PM, Galea S. Prevalence of Depression Symp-

toms in US Adults Before and During the COVID-19 Pandemic. JAMA Netw Open. 2020; 3(9):

e2019686. https://doi.org/10.1001/jamanetworkopen.2020.19686 PMID: 32876685

40. Czeisler MÉ, Lane RI, Wiley JF, Czeisler CA, Howard ME, Rajaratnam SMW. Follow-up Survey of US

Adult Reports of Mental Health, Substance Use, and Suicidal Ideation During the COVID-19 Pandemic,

September 2020. JAMA Netw Open. 2021; 4(2):e2037665. https://doi.org/10.1001/jamanetworkopen.

2020.37665 PMID: 33606030

PLOS ONE Response to anxiety treatment before, during, and after the COVID-19 pandemic

PLOS ONE | https://doi.org/10.1371/journal.pone.0296949 March 13, 2024 9 / 9

https://doi.org/10.1016/j.jocrd.2021.100705
http://www.ncbi.nlm.nih.gov/pubmed/34956827
https://www.yalemedicine.org/news/covid-timeline
https://doi.org/10.4088/JCP.09m05305whi
http://www.ncbi.nlm.nih.gov/pubmed/20331933
https://doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/pubmed/16717171
https://doi.org/10.1093/acprof%3Aoso/9780195152968.001.0001
https://doi.org/10.1093/acprof%3Aoso/9780195152968.001.0001
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v082.i13
https://www.R-project.org/
https://CRAN.R-project.org/package=sjPlot
https://doi.org/10.3758/bf03192848
http://www.ncbi.nlm.nih.gov/pubmed/17552476
https://doi.org/10.1037/a0015235
http://www.ncbi.nlm.nih.gov/pubmed/19309180
https://doi.org/10.1176/appi.ajp.2015.14081061
http://www.ncbi.nlm.nih.gov/pubmed/26029805
https://doi.org/10.1002/da.22728
http://www.ncbi.nlm.nih.gov/pubmed/29451967
https://doi.org/10.1016/j.psc.2010.04.002
https://doi.org/10.1016/j.psc.2010.04.002
http://www.ncbi.nlm.nih.gov/pubmed/20599133
https://doi.org/10.1001/jamapsychiatry.2019.3986
https://doi.org/10.1001/jamapsychiatry.2019.3986
http://www.ncbi.nlm.nih.gov/pubmed/31758858
https://doi.org/10.1016/j.cpr.2018.03.002
http://www.ncbi.nlm.nih.gov/pubmed/29576326
https://doi.org/10.1016/j.brat.2012.10.003
https://doi.org/10.1016/j.brat.2012.10.003
http://www.ncbi.nlm.nih.gov/pubmed/23262115
https://doi.org/10.1001/jamanetworkopen.2020.19686
http://www.ncbi.nlm.nih.gov/pubmed/32876685
https://doi.org/10.1001/jamanetworkopen.2020.37665
https://doi.org/10.1001/jamanetworkopen.2020.37665
http://www.ncbi.nlm.nih.gov/pubmed/33606030
https://doi.org/10.1371/journal.pone.0296949

