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Abstract

Rationale: Little is known about how physicians develop their
beliefs about new treatments or update their beliefs in the face of
new clinical evidence. These issues are particularly salient in the
context of the coronavirus disease (COVID-19) pandemic, which
created rapid demand for novel therapies in the absence of robust
evidence.

Objectives: To identify psychological traits associated with
physicians’ willingness to treat with unproven therapies and
willingness to update their treatment preferences in the setting of
new evidence in the context of COVID-19.

Methods: We administered a longitudinal e-mail survey to
United States physicians board certified in intensive care
medicine in April and May 2020 (phase one) and October and
November 2020 (phase two). We assessed five psychological
traits potentially related to evidence uptake: need for cognition,
evidence skepticism, need for closure, risk tolerance, and
research engagement. We then examined the relationship
between these traits and physician preferences for
pharmacological treatment for a hypothetical patient with
severe COVID-19 pneumonia.

Results: There were 592 responses to the phase one survey,
conducted prior to publication of trial data. At this time
physicians were most willing to treat with macrolide antibiotics
(50.5%), followed by antimalaria agents (36.1%), corticosteroids
(24.5%), antiretroviral agents (22.6%), and angiotensin inhibitors
(4.4%). Greater evidence skepticism (relative risk [RR], 1.40; 95%
confidence interval [CI], 1.30–1.52; P, 0.001), greater need for
closure (RR, 1.19; 95% CI, 1.06–1.34; P= 0.003), and greater risk
tolerance (RR, 1.17; 95% CI, 1.08–1.26; P, 0.001) were
associated with an increased willingness to treat, whereas greater
need for cognition (RR, 0.85; 95% CI, 0.75–0.96, P= 0.010) and
greater research engagement (RR, 0.91; 95% CI, 0.88–0.95;
P, 0.0001) were associated with decreased willingness to treat.
In phase two, most physicians updated their beliefs after
publication of trial data about antimalarial agents and
corticosteroids. Physicians with greater evidence skepticism were
more likely to persist in their beliefs.

Conclusions: Psychological traits associated with clinical decisions
in the setting of uncertain evidence may provide insight into
strategies to better align clinical practice with published evidence.

Keywords: physicians; critical care; clinical decision-making;
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Efficient translation of evidence into clinical
practice remains a vexing problem in health
care. Many evidence-based therapies are not
routinely provided to patients, even many
years after publication of robust clinical trial
data demonstrating effectiveness (1). At the
same time, many therapies are routinely
provided to patients despite absence of any
evidence of benefit, or even evidence of harm
(2, 3). Central to addressing these problems
is a greater understanding of how clinicians
form their opinions about clinical evidence
prior to the publication of data and then how
they update those opinions after the
publication of data (4). Specifically, little is
known about the factors that predispose
clinicians to adopt, or not adopt, therapies
when the evidence is uncertain (5). Equally
little is known about the factors that
predispose clinicians to either update or not
update their beliefs in response to new
evidence (6). Identifying these factors could
provide important insight into strategies not
only to speed adoption of effective
treatments but also to speed deadoption of
ineffective treatments.

These issues became more salient
during the coronavirus disease (COVID-19)
pandemic (7). COVID-19 forced physicians
to rapidly grapple with a highly morbid
disease for which no effective treatments
existed. During this time, anecdotal reports
coupled with mechanistic hypotheses derived
from past experience created early
enthusiasm for several existing
pharmacological agents (8). Yet at the time,
no robust clinical data existed to guide
practice. Eventually clinical trials were
published demonstrating the effectiveness of
some treatments, like corticosteroids (9–11),
and the ineffectiveness of other treatments,
like the antimalarial agent
hydroxychloroquine (12–14). We used these
events to study the factors associated with the
willingness to treat with unproven
treatments, and willingness to update beliefs
in the setting of new evidence, by means of a
survey of intensivist physicians in the United
States.

Methods

Study Design and Subjects
We developed and fielded a longitudinal
survey of board-certified U.S. physicians
in intensive care medicine about their
treatment preferences for patients with
COVID-19. We focused on intensivist

physicians because of the likelihood that
they were directly involved in the
longitudinal care of patients with acute
severe COVID-19 during the early stages
of the pandemic, although we did not
require direct experience with patients
with COVID-19 as a condition for
participation. We surveyed physicians at
two points in time: once early in the
pandemic prior to the publication of any
trial data, and once later in the pandemic
after the publication of trial data, enabling
us to examine treatment preferences over
time. We used the American Medical
Association Masterfile to identify board-
certified U.S. physicians in intensive care
medicine with a base specialty in internal
medicine, emergency medicine,
anesthesiology, or surgery. All aspects of
the study were reviewed and approved by
the University of Pittsburgh Human
Subjects Protection Office.

Survey Development
The survey instrument was developed by
the investigative team as part of a larger
study on medical decision-making under
uncertainty. The portion of the survey
pertaining to this report contained three
sections: demographic characteristics,
treatment preferences, and psychological
traits. To assess demographics
characteristics, we asked participants
about their age, sex, base clinical specialty,
practice setting, and proportion of time
spent performing clinical care.

To assess treatment preferences, we
presented participants with a
standardized description of a patient
with severe COVID-19 pneumonia and
asked them to indicate the likelihood
that they would treat the patient with a
pharmaceutical agent in any of five drug
classes: a quinine-based antimalarial
agent (e.g., chloroquine or
hydroxychloroquine); a macrolide
antibiotic (e.g., azithromycin); a
corticosteroid (e.g., hydrocortisone or
dexamethasone); an antiretroviral agent
(e.g., lopinavir/ritonavir); or an
angiotensin receptor blocker (e.g.,
losartan) (15). The full text of the
scenario is provided in the
SUPPLEMENTARY METHODS section of
the online supplement. We focused on
these drug classes because, at the time of
the survey, they were widely discussed as
potential therapeutic options and readily
available for actual use. For each drug

class, participants indicated their
treatment preferences along a four-point
scale: “definitely would,” “probably
would,” “probably would not,” or
“definitely would not” treat.

To assess psychological traits, we
adapted four previously validated scales:
need for cognition (16), need for closure
(17), actively open-minded thinking (18),
and risk tolerance (19). We also developed
two de novo scales, one related to evidence
skepticism (20) and one related to
engagement with new research (21). These
six traits were chosen based on a review of
the literature as potentially relevant to clinical
decision-making under uncertainty. Full
definitions for each trait and additional scale
information are provided in Table 1. For
need for cognition, need for closure, actively
open-minded thinking, and evidence
skepticism, participants were asked to rate
their level of agreement with items along a
five-point Likert scale ranging from “strongly
agree” to “strongly disagree.” For research
engagement, participants were asked to
indicate the range of activities they
performed to keep up with the medical
literature during the last week, with more
activities indicating higher engagement. For
risk tolerance, participants were asked to
place themselves on a five-point scale
ranging from “extremely comfortable taking
risks” to “not at all comfortable taking risks,”
with higher values indicating greater risk
tolerance.

We piloted the survey among
21 practicing intensivists who did not
participate in the study, with revisions made
for clarity and content based on their
feedback.We then entered the survey into an
electronic survey tool (Qualtrics) for
administration. The final survey items a
summary of the theoretical rationale for their
inclusion in the study are provided in the
SUPPLEMENTARY METHODS.

Survey Administration
We administered the survey in two phases
using established best practices for internet
surveys (22). Phase one occurred in April
andMay of 2020. In this phase, physicians
were sent e-mail invitations from a third-
party contractor (Medical Marketing
Services) with a link to the survey. Four
invitations were sent approximately 1 week
apart, beginning on April 16, 2020, and
ending onMay 7, 2020. Participants were
offered a $50 gift card in exchange for
participation. Because this e-mail list was
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maintained by a third-party, we did not have
access to information about the physicians
who received the phase one survey. Within
the survey, we collected physicians’ e-mail
addresses so we could directly administer
follow-up surveys.

Phase two occurred in October and
November of 2020, after the publication of
clinical trial data. Key publications
included trials demonstrating the
effectiveness of corticosteroids and the
ineffectiveness of quinine-based
antimalarial agents (9–14). The phase two
survey contained treatment preference
questions using identical vignettes as
phase one and did not reference or
identify the relevant publications. It also
did not contain demographics or
psychological traits, since these were not
expected to have changed in the interim.
The exception was an expanded set of
questions to measure evidence skepticism.
Since the evidence-skepticism scale was
developed de novo, we took the
opportunity to better determine the scale’s
psychometric properties. The expanded
list of survey items for this trait is
provided in the SUPPLEMENTARY METHODS.
The phase two survey was limited to

physicians who responded to phase one
and was sent directly from the
investigators. Four invitations were sent
approximately 1 week apart beginning on
October 12, 2020, and ending on
November 5, 2020. Participants were
offered a $75 gift card in exchange for
participation.

Statistical Analysis
For phase one, we calculated the overall
response rate as the number of unique
responses received divided by the number
of unique e-mail addresses targeted.
E-mails were sent by the direct marketer
and, due to spam filters or the inaccuracies
in the marketing database, might not have
been viewed by the participants.
Therefore, we also estimated an effective
response rate, defined as the number of
responses received divided by the
maximum number of unique e-mails
opened across the three mailings. For
phase two, we calculated the response rate
as the number of unique completed
surveys divided by the number of
physicians contacted.

For phase one, we had no data on
physicians ahead of the survey.

Therefore, we could not compare
characteristics between phase one
respondents and nonrespondents.
For phase two, we compared
characteristics between respondents
and nonrespondents using chi-square
tests.

Prior to analyzing the survey results,
we examined the internal consistency of
the multi-item psychological constructs by
calculating each item’s Cronbach’s a and
interitem covariance (23). For the multi-
item de novomeasure (evidence
skepticism), we also examined test–retest
reliability and correlation with the
expanded scale (24). We dropped
constructs with poor internal consistency,
defined as Cronbach’s a, 0.60. For the
remaining constructs, we created
summary scores by averaging the
individual items within each construct.
We examined a correlation matrix of the
summary scores to evaluate for colinearity
between constructs.

To analyze the phase one survey, we
first created binary versions of the
willingness to treat for each drug class:
either yes (“definitely would” or “probably
would” treat) or no (“probably would not”
or “definitely would not” treat). We then
created a composite count measure of
willingness to treat across all drug classes,
which ranged from 0 (meaning that the
physician would treat with none of the
drugs) to 5 (meaning that the physician
would treat with all five drugs). For the
primary analysis, we used Poisson
regression with robust standard errors to
examine the relationship between this
count measure and each individual
psychological construct (25). In secondary
analyses, we examined the relationship
between the psychological constructs and
each individual drug.

To analyze the phase two survey, we
focused on the two drug types for which
large clinical trials had been published in the
interval between phase one and phase two:
corticosteroids and quinine-based
antimalarials (9–14). We restricted the
analysis to physicians with the potential to
have updated their treatment preferences
based on this evidence. For corticosteroids,
this included physicians who indicated they
definitely would not treat during phase one.
For quinine-based antimalarials, this
included physicians who indicated that they
definitely would treat during phase one.

Table 1. Psychological traits ascertained via survey*

Trait Definition Items
Scale
Range Reference

Need for cognition The degree to which an individual
engages in and enjoys effortful
cognitive endeavors.

7 1–5 (16)

Evidence skepticism The degree to which an individual is
skeptical of clinical evidence and
places higher weight on anecdotes
and experience.

3 1–5 N/A

Need for closure The degree to which an individual
desires an answer on a given topic,
any answer, compared to confusion
and ambiguity.

7 1–5 (17)

Actively open-minded
thinking

The degree to which an individual is
disposed toward fairness toward
different conclusions even if they go
against one’s initially favored
conclusion.

4 1–5 (18)

Research
engagement

A count measure of how many ways a
participant engaged with research
within the previous week.

1 1–7 N/A

Risk tolerance The degree to which an individual is
predisposed toward risk taking.

1 1–5 (19)

Definition of abbreviation: N/A=not applicable.
*The individual survey items are given in the SUPPLEMENTARY METHODS section of the online
supplement. Details about the psychometric properties of the items are given in Table E2 in the
online supplement.
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Within these groups, we identified physicians
who did not update their treatment
preferences (i.e., their phase two responses
were the same as their phase one responses),
creating a binary variable indicating that they
either did or did not update between phase
one and phase two. We used Poisson
regression with robust standard errors to
examine the relationship between
unwillingness to update and each individual
psychological construct (25).

For the phase one analysis, we fit both
unadjusted regression models and regression
models adjusting for physician
characteristics, including community
practice setting (academic or community/
other), clinical time (all or almost all, not all
but more than 50%, or less than 50%), and
base specialty (internal medicine or other).
For the phase two analysis, we only fit
unadjusted regression models, since the low
numbers of physicians who did not update
precluded a multivariate analysis. The
regression results are presented as relative
risks along with confidence intervals and
P values. A P value of 0.05 or lower was
considered significant. All statistical analyses
were performed using Stata 16.1.

Results

Response Rates and Respondent
Characteristics
A flow chart of study participants is given in
Figure E1 in the online supplement. In phase
one, we received 592 completed surveys in
response to e-mails sent to 14,090 unique
e-mail addresses, for an overall response rate
of 4.2%. The maximum number of unique
opened emails was 1,778, for an estimated
effective response rate of 33.3% (Table E1).
In phase two, we received 371 completed
surveys in response to 592 unique physicians
contacted, for an overall response rate of
62.7%. Participants varied in age, base
specialty, and clinical time, although most
respondents practiced in an academic setting
(Table 2). Compared with phase two
nonrespondents, phase one respondents
were more likely to have a base specialty in
internal medicine and were more likely to
practice in an academic setting (Table 2).

Psychometric Evaluation
Of the four multi-item psychological
constructs, need for cognition, evidence
skepticism, and need for closure

demonstrated acceptable psychometric
properties and were retained in the analysis
(Table E2). Actively open-minded thinking
demonstrated low internal consistency
(Cronbach’s a=0.42) and was dropped from
the analysis (Table E2). Additional
psychometric evaluation of the evidence
skepticism scale showed good test–retest
reliability, supporting the decision to retain
this scale (Table E3). A correlation matrix
including all remaining constructs
demonstrated little correlation between
measures, supporting the decision to analyze
them independently (Table E4).

Factors Associated with Willingness
to Treat
In phase one of the survey, respondents were
most likely to treat the hypothetical patient
with COVID-19 with macrolide antibiotics,
followed by antimalaria agents,
corticosteroids, antiretroviral agents, and
angiotensin inhibitors (Figure 1). In the
regression analysis of the composite outcome
measure, greater evidence skepticism, greater
need for closure, and greater risk tolerance
were statistically significantly associated with
increased willingness to treat, while greater

Table 2. Respondent characteristics

Characteristics Survey 1 Respondents

Among Survey 1 Respondents

Survey 2 Respondents Survey 2 Nonrespondents P Value*

n 592 371 221 –
Age
,40 192 (32.4) 123 (33.2) 69 (31.2) 0.91
40–49 234 (39.5) 147 (39.6) 87 (39.4) –
50–59 120 (20.3) 74 (19.9) 46 (20.8) –
>60 46 (7.8) 27 (7.3) 19 (8.6) –

Female 147 (24.8) 93 (25.1) 54 (24.4) 0.43
Base specialty
IM/pulmonary 373 (63.0) 243 (65.5) 130 (58.8) 0.02
IM/nonpulmonary 59 (10.0) 39 (10.5) 20 (9.0) –
Emergency medicine 17 (2.9) 14 (3.8) 3 (1.4) –
Anesthesiology 60 (10.1) 35 (9.4) 25 (11.3) –
Surgery 47 (7.9) 25 (6.7) 22 (10.0) –
Other 36 (6.1) 15 (4.0) 21 (9.5) –

Practice setting
Academic, university based 336 (56.8) 232 (62.5) 104 (47.1) ,0.001
Academic, nonuniversity 64 (10.8) 41 (11.1) 23 (10.4) –
Community 180 (30.4) 95 (25.6) 85 (38.5) –
Other 12 (2.0) 3 (0.8) 9 (4.1) –

Percentage of time spent clinically
All or almost all 204 (34.5) 126 (34.0) 78 (35.3) 0.87
Not all but more than 50% 193 (32.6) 122 (32.9) 71 (32.1) –
Less than 50% 187 (31.6) 119 (32.1) 68 (30.8) –
None 8 (1.4) 4 (1.1) 4 (1.8) –

Definition of abbreviation: IM= internal medicine.
All values are frequency (%). Percentages may not add to 100 due to rounding.
*P values are from chi-square tests comparing survey 2 respondents to survey 2 nonrespondents.

ORIGINAL RESEARCH

636 AnnalsATS Volume 19 Number 4 | April 2022



need for cognition and greater research
engagement were statistically significantly
associated with decreased willingness to treat
(Table 3). Similar results were obtained when
analyzing each drug class individually and
when repeating the regression controlling for
practice setting, clinical time, base specialty,
and perceptions of evidence quality
(Table 3).

Factors Associated with Willingness
to Update Treatment Preferences
In phase two of the survey, 241 of 367
respondents (65.7%) were eligible to update
their treatment preferences for quinine-based
antimalarial agents, in that in phase one they
did not say they “definitely would not” treat.
Of these, only 16 (6.6%) did not update their
treatment preferences. A total of 354 of 367
respondents (96.5%) were eligible to update
their treatment preferences for
corticosteroids, in that in phase one they did
not say they “definitely would” treat. Of
these, only 12 (3.4%) did not update their
treatment preferences. Physicians with
greater evidence skepticism were more likely
to not update their treatment preferences for
both quinine-based antimalarial agents and
corticosteroids (Table 4).

Discussion

The COVID-19 pandemic revealed a pressing
need to understand how clinicians develop
treatment preferences about therapies of

unknown effectiveness.We found that
several psychological traits were associated
with an increased willingness to treat with
unproven pharmaceutical treatments in
severe COVID-19, including greater evidence
skepticism, greater need for closure, greater
risk tolerance, lower need for cognition, and
lower research engagement. Reassuringly,
only a small minority of clinicians failed to
update their treatment preferences after
publication of clinical trials related to
quinine-basedmalarial agents (in which the
trials were negative) and corticosteroids (in
which the trials were positive). Only greater
evidence skepticismwas associated with
decreased willingness to update.

Use of unproven treatments was
widespread during the early stages of the
pandemic. For example, studies reported
rates of antimalarial agent administration
ranging from 34.6 to 92.1% despite any
clinical data to demonstrate efficacy (26–28).
Frequent use of unproven treatments like
antimalarials underscores the tensions
inherent in clinical decision-making during a
pandemic and highlights the need for
systems to rapidly generate clinical evidence
to guide decision-making during public
health crises (29, 30). More broadly, our
results suggest that there may be a phenotype
of physicians who rapidly adopt unproven
treatments in the face of uncertainty,
physicians who weight experience over
evidence, are less likely to engage with the
research literature, are more tolerant of risk,
and are less tolerant of ambiguity.

Our results also suggest that some types
of physicians are more steadfast in their
beliefs about unproven treatments than
others. Specifically, physicians that weighted
experience over scientific evidence were less
likely to update their beliefs in response to
clinical trials, regardless of whether those
trials were negative (in the case of
antimalarial agents) or positive (in the case of
corticosteroids). This finding should be
interpreted with caution given that the vast
majority of physicians did update their
preferences. Nonetheless, this finding
generates important hypotheses for future
studies examining variation in physician
responses to evidence and provides context
to past work demonstrating the existence of
physician-specific practice patterns that are
distinct from behaviors learned over time
(31–35).

Together, these results provide
insight into potential strategies to better
align clinical practice with published
evidence. It is unlikely that any
intervention will change physicians’
underlying psychological traits. However,
physicians with specific psychological
traits may be more susceptible to certain
interventions, enabling “personalized”
interventions based on individual
psychological profiles. For example,
interventions to reframe risk, socialize
decision makers to group norms, and
nudge decision makers toward desirable
decisions might deemphasize the
influence of direct experience and risk
tolerance, in certain types of physicians
(36–39). Ultimately, a better
understanding of how these traits impact
decision-making could lead to behavior
change interventions that are specifically
tailored to individual physicians’
psychological profiles, rather than “one
size fits all” interventions that are
agnostic to the fact that physician
responses to evidence vary
systematically.

Limitations
Our study has several limitations. First, many
of the associations we observed were small,
and as an observational study, these
associations do not imply causation.
However, the goal of our study was to not to
infer causation or quantify the magnitude of
these associations. Rather, the goal was to
identify novel associations. Regardless of
magnitude or mechanism, these correlations
provide a valuable framework for

100%

80%

60%

40%

20%

0%
Macrolide
antibiotics

Antimalarials Corticosteroids Antiretrovirals ARBs

Definitely would not Probably would not Probably would Definitely would

Figure 1. Distribution of treatment preferences among physicians responding to the phase one
survey (N=592). For the regression analyses, these responses were grouped into a binary variable:
willing to treat (either definitely would treat or probably would treat) or not willing to treat (either
probably would not treat or definitely would not treat). ARBs=angiotensin receptor blockers.
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considering interventions designed to
improve clinician decision-making. Second,
the phase one response rate was modest,
raising the possibility that our study
population differs from the population of
U.S. intensivists in systematic ways.
However, it is relatively unlikely that these
differences led to significant response bias.
Response bias is relatively uncommon in
studies of psychological associations like this
one, since response bias requires that
differences in populations moderate the
relationship between two associated
variables, which is a relatively uncommon

occurrence (40, 41). Third, relatively few
physicians were unwilling to update their
treatment preferences after the publication of
new evidence, reducing our ability to
examine the factors associated with
willingness to update. Fourth, we only
ascertained physicians’ expressed treatment
preferences, not their actual behaviors. It is
possible that physicians’ responses about
their treatment preferences differed from
their actual practice or that the physicians
differed in how they interpreted the
vignettes. Nonetheless, clinical vignettes are a
robust strategy for assessing practice patterns

(15), and there is no reason to think our use
of clinical vignettes led to substantial bias,
particularly since directly measuring
individual physician treatment patterns
would also lead to known biases (42). Fifth,
the reliability of our psychological traits was
only moderate, although any measurement
error would serve to make our estimates
more conservative, biasing our results toward
the null. Sixth, we cannot rule out the
possibility that these psychological traits
might change over time, perhaps in a way
that was influenced by the pandemic. Future
research should examine this important
point.

Conclusions
Our study provides new insight into how
intensivist physicians form their beliefs about
new treatments and helps explain variation
in the adoption and deadoption of new
treatments as evidence evolves. A better
understanding of these patterns could lead to
behavioral interventions designed to better
align treatment preferences with clinical
evidence.�

Author disclosures are available with the
text of this article at www.atsjournals.org.

Table 3. Psychological factors associated with willingness to treat in the setting of uncertain effectiveness*

Analysis Total (Count)
Macrolide
Antibiotics Antimalarials Corticosteroids Antiretrovirals

Angiotensin
Receptor
Blockers

Bivariable analysis
Need for

cognition
0.85 (0.75–0.96)

P=0.010
0.80 (0.70–0.92)

P= 0.001
0.86 (0.72–1.02)

P=0.090
0.90 (0.71–1.15)

P= 0.398
0.81 (0.64–1.04)

P=0.104
1.21 (0.64–2.30)

P= 0.555
Evidence

skepticism
1.40 (1.30–1.52)

P,0.001
1.35 (1.22–1.49)

P,0.001
1.47 (1.29–1.68)

P,0.001
1.57 (1.32–1.86)

P,0.001
1.32 (1.09–1.60)

P,0.004
1.09 (0.66–1.80)

P,0.728
Need for

closure
1.19 (1.06–1.34)

P=0.003
1.22 (1.06–1.40)

P= 0.006
1.34 (1.11–1.62)

P=0.002
1.08 (0.86–1.37)

P= 0.512
1.10 (0.85–1.43)

P=0.452
0.97 (0.52–1.82)

P= 0.933
Research

engagement
0.91 (0.88–0.95)

P,0.001
0.94 (0.90–0.98)

P,0.007
0.92 (0.87–0.97)

P=0.004
0.88 (0.82–0.95)

P,0.001
0.91 (0.84–0.98)

P=0.017
0.69 (0.57–0.85)

P,0.001
Risk tolerance 1.17 (1.08–1.26)

P,0.001
1.11 (1.01–1.21)

P= 0.028
1.09 (0.97–1.24)

P=0.145
1.30 (1.10–1.54)

P= 0.002
1.20 (1.01–1.43)

P=0.039
1.67 (1.08–2.58)

P= 0.022
Multivariable analysis†

Need for
cognition

0.89 (0.79–1.00)
P=0.060

0.82 (0.72–0.94)
P= 0.004

0.90 (0.75–1.07)
P=0.221

0.97 (0.76–1.22)
P= 0.783

0.87 (0.68–1.11)
P=0.263

1.43 (0.81–2.53)
P= 0.218

Evidence
skepticism

1.33 (1.22–1.44)
P,0.001

1.31 (1.18–1.44)
P,0.001

1.40 (1.22–1.60)
P,0.001

1.46 (1.23–1.74)
P,0.001

1.23 (1.02–1.48)
P=0.027

1.03 (0.65–1.62)
P= 0.914

Need for
closure

1.18 (1.05–1.32)
P=0.005

1.22 (1.06–1.40)
P= 0.005

1.32 (1.10–1.59)
P=0.003

1.05 (0.83–1.31)
P= 0.694

1.13 (0.88–1.44)
P=0.334

0.97 (0.57–1.63)
P= 0.898

Research
engagement

0.94 (0.91–0.98)
P=0.004

0.96 (0.92–1.01)
P= 0.084

0.95 (0.90–1.01)
P=0.125

0.92 (0.85–0.99)
P= 0.035

0.95 (0.88–1.03)
P=0.227

0.76 (0.62–0.93)
P= 0.008

Risk tolerance 1.12 (1.04–1.21)
P=0.004

1.08 (0.99–1.19)
P= 0.089

1.05 (0.93–1.18)
P=0.447

1.22 (1.03–1.43)
P= 0.018

1.17 (0.98–1.39)
P=0.087

1.59 (1.03–2.46)
P= 0.036

*All estimates are risk ratios reflecting the change in willingness to treat for each one unit change in the measurement scales. The analysis
contains 592 physicians with complete responses in phase one.
†Multivariable analysis controls for community practice setting (academic or community/other), clinical time (all or almost all, not all but more
than 50%, or less than 50%), and base specialty (internal medicine or other).

Table 4. Psychological factors associated with willingness to update in the setting of
new evidence effectiveness

Bivariable Analysis Antimalarials Corticosteroids

Need for cognition 0.76 (0.43–1.34) P=0.348 1.15 (0.59–2.24) P=0.676
Evidence skepticism 1.85 (1.01–3.41) P=0.047 2.24 (1.45–3.45) P,0.001
Need for closure 1.60 (0.86–2.97) P=0.137 1.36 (0.54–3.45) P=0.515
Research engagement 0.81 (0.64–1.01) P=0.059 0.82 (0.59–1.14) P=0.242
Risk tolerance 1.38 (0.74–2.55) P=0.311 1.62 (0.98–2.69) P=0.060

This analysis contains only physicians who responded to phase one and were eligible to
update their references in phase two (n=123 for quinine-based antimalarials and n=296 for
corticosteroids). A multivariable analysis was not preformed due to relatively low numbers of
physicians who did not update. All estimates are risk ratios reflecting the change in willingness
to update for each one unit change in the measurement scales.
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