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Abstract

Scientific evidence plays an important role in the therapeutic decision-making process.

What happens when physicians are forced to make therapeutic decisions under uncer-

tainty? The absence of scientific guidelines at the beginning of a pandemic due to an

unknown virus, such as COVID-19, could influence the perceived legitimacy of the applica-

tion of non-evidence-based therapeutic approaches. This paper reports on a test of this

hypothesis, in which we administered an ad hoc questionnaire to a sample of 64 Italian phy-

sicians during the first wave of the COVID-19 pandemic in Italy (April 2020). The question-

naire statements regarding the legitimacy of off-label or experimental drugs were framed

according to three different scenarios (Normality, Emergency and COVID-19). Furthermore,

as the perception of internal bodily sensations (i.e., interoception) modulates the decision-

making process, we tested participants’ interoceptive sensibility using the Multidimensional

Assessment of Interoceptive Awareness (MAIA). The results showed that participants were

more inclined to legitimate non-evidence-based therapeutic approaches in the COVID-19

and Emergency scenarios than the Normality scenario. We also found that scores on the

MAIA Trusting subscale positively predicted this difference. Our findings demonstrate that

uncertain medical scenarios, involving a dramatic increase in patient volume and acuity, can

increase risk-taking in therapeutic decision-making. Furthermore, individual characteristics

of health care providers, such as interoceptive ability, should be taken into account when

constructing models to prevent the breakdown of healthcare systems in cases of severe

emergency.

1. Introduction

Clinical decision-making is a complex cognitive process, based on the gathering of semeiotic

and empirical evidence, which allows for the formulation of a diagnosis and the subsequent

selection of specific treatments [1]. Each medical case may involve a critical amount of
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uncertainty regarding its outcome and, as such, implies a putative risk-taking component.

Researchers, along with policymakers, have tried to improve and standardise the clinical deci-

sion-making process by implementing a set of rules captured under the umbrella term of “evi-

dence-based medicine” (EBM) [2]. Since its introduction, a compendium of EBM guidelines

has been produced to formalise the different medical procedures [3].

However, previous studies have shown that EBM represents only one of the components

that guide medical decision-making, as this process is also influenced by other, more personal

factors, such as the clinicians’ attitudes and opinions [4], cognitive biases [5] and the informa-

tion environment. Interestingly enough, these individual influences profoundly affect medical

practitioners, even in the presence of clear evidence-based recommendations. For instance, in

common medical scenarios involving upper respiratory tract infections, prescribing rates and

the appropriateness of prescriptions vary widely, which emphasises the role of a physician’s

overconfidence in a prescription’s effects and their understanding of possible side effects [6].

Sorum and colleagues [7] have demonstrated that regret can affect clinical decision-making in

uncertain situations, so that physicians may be prompted to over-assess patients, even in the

absence of symptoms and when evidence-based guidelines discourage such practices. These

authors observed that the likelihood of a physician ordering non-relevant medical exams for

symptomless patients was associated with the regret they anticipated feeling if they had done

nothing with an ill patient. This suggests that emotional components may intervene in clinical

decisions together with medical knowledge. In particular, some studies have demonstrated the

impact of stress and anxiety levels on decision-making in different categories of healthcare

providers, such as surgeons [8, 9], dentists [10] and senior radiography students [11] (for a

review, see [12]).

The emotional component affecting clinical decision-making could also comprise the per-

ceived gravity of the patient’s clinical situation. In a recent study, Martı̀nez-Sanz and col-

leagues [13] investigated the clinical decision-making process during the COVID-19

pandemic. They demonstrated that heterogeneity of therapeutic decisions increased as the

clinical scenario worsened, indicating that the clinical severity attenuated the physician’s toler-

ance for uncertainty and affected the decision-making process.

A growing body of evidence indicates that the decision-making process is also influenced

by the ability to perceive one’s visceral signals [14–16], which is defined as “interoception”

[17–19]. According to the Somatic Marker Hypothesis [20], interoceptive signals (e.g., elevated

heart rate and sweating) may serve to guide decision-making efficiently, warning participants

on possible outcomes. Indeed, automatically generated bodily responses (i.e., somatic signals)

direct the subject’s attention towards “the negative outcome to which a given action may lead,

and function as an automated alarm signal that says: Beware of danger ahead if you choose the

option that leads to this outcome” ([21] p.123). Thus, individuals with accurate interoception

would perform significantly better than those with lower interoception levels at tests exploring

risk-taking under uncertainty [22]. Crucially, evidence regarding the relationship between

decision-making and interoception among healthcare providers is scarce. Payne [23] used skin

conductance response to obtain a physiological index in different samples during a clinical

decision-making task. Specifically, the authors presented several computer-generated clinical

scenarios to experienced nurses and nursing students. They found that the former group made

better clinical decisions and also presented a higher skin conductance response.

Existing studies have mostly investigated clinical decision-making in the framework of

common medical scenarios. There is limited evidence regarding medical decision-making

during an emergency, when physicians are forced to act under uncertainty. Indeed, in such sit-

uations, reliable evidence-based approaches may not be available, which may increase the

importance of individual orientation in decision-making. This was the case in the recent
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COVID-19 outbreak. The lack of resources and suitable medical treatments and the over-

whelming and contradictory information regarding drug effectiveness during this health crisis

has required healthcare providers to face critical situations and pushed them to make rapid

and crucial decisions about patients’ treatment [24]. Clinicians have been forced to make deci-

sions regarding resource allocation and treatments in an exceptional situation in the absence

of evidence-based therapeutic approaches for COVID-19 patients. During the first few months

of the pandemic, despite the lack of structured guidance regarding their efficacy, the use of

many off-label drugs was proposed to treat the COVID-19 symptoms [25]. For instance, one

of the best-known and most applied drugs in the clinical setting is hydroxychloroquine

(HCQ), an antimalarial drug, which had previously been shown to be highly effective against

avian influenza [26] and severe acute respiratory syndrome coronavirus (SARS-CoV) in vitro

[27]. Despite these findings, many subsequent studies, such as the RECOVERY trial [28], dem-

onstrated that in hospitalised patients with COVID-19, those who received HCQ did not have

a lower incidence of death at 28 days compared to those who received the usual care. Despite

the lack of an adequate evidence-based alternative, these treatments have been widely applied

to COVID-19 patients. It seems that the pandemic, due to its exceptional nature, could have

modulated the perceived legitimacy of the application of non-evidence-based therapeutic

approaches. In this case, unexpected contextual factors such as the emergency and individual

features such as interoception might play a more important role than external scientific guide-

lines (i.e., EBM) in therapeutic decision-making.

To test this hypothesis, we engaged a sample of 64 Italian physicians facing the pandemic at

its beginning and assessed their perceptions of the legitimacy of prescribing various possible

treatments in various scenarios through an ad hoc online questionnaire that was part of a

more extensive survey. After completing a socio-demographic survey, participants indicated

whether they agreed with the use of various off-label therapies for patients in three types of sce-

narios (Normality, Emergency and COVID-19). They also completed the Multidimensional

Assessment of Interoceptive Awareness (MAIA) [29] as a measure of interoception. Finally,

we collected a variety of information that could have influenced decision-making and intero-

ception, such as anxiety level and perceived severity of illness.

We expected physicians to show a higher level of agreement with the use of off-label drugs

during the COVID-19 scenario compared to the Emergency and Normal scenarios. Moreover,

we hypothesised that the perceived legitimacy of off-label drugs would be modulated by physi-

cians’ ability to detect visceral signals. Based on previous evidence that higher interoceptive

sensibility predicts more conservative risk-taking behaviour when a human body is involved

in the decision [16], we expected physicians with higher interoceptive competence to show

reduced risk-taking in prescribing off-label drugs. Lastly, we expected that higher anxiety lev-

els, boosted by a higher perceived severity of the pandemic, together with personal factors such

as having infected acquaintances [30], would influence the relationship between interoception

and the perceived legitimacy of off-label drugs used within the COVID-19 scenario.

2. Materials and methods

2.1 Participants

The online survey was advertised through the Italian Medical Council network from the 10th

to the 30th of April 2020. Sixty-four Italian physicians (32 females and 32 males) completed the

survey. Most of the sample (81.25%) had a PhD degree and/or medical specialisation, and

around half of the sample (48.43%) came from the most affected regions in Italy by the

COVID-19 pandemic. For a detailed description of the demographics of the sample, see

Table 1. Following the Declaration of Helsinki, the experimental procedures were approved by
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the Ethical Committee of the Department of Brain and Behavioral Sciences, University of

Pavia (n˚ 032). Potential participants were presented with all the study information before the

survey began. At the end of the information page, they were required to indicate their willing-

ness to participate in the study by clicking on the “agree” or “disagree” button. Once the poten-

tial participant had clicked on the button indicating that they had read the information and

agreed to participate, they were directed to the research survey questionnaire.

2.2 Measures

2.2.1 Socio-demographic and COVID-19 questionnaires. At the beginning of the sur-

vey, respondents completed a socio-demographic questionnaire. Information on gender, age

and marital status were collected, along with the degree of education and medical speciality.

Because there is evidence that personal factors related to the pandemic affect stress levels [30],

we reasoned that such factors could also affect the perceived legitimacy of off-label therapeutic

approaches. Thus, we collected additional measures on this topic. Responders were required to

state how many patients affected by COVID-19 they had treated. Furthermore, they were

required to indicate their perception of the severity of the disease and their level of concern

about contracting the disease. Both responses were expressed on a 6-point Likert scale ranging

from 0 = “Not at all” to 5 = “Extremely”.

2.2.2 Legitimacy questionnaire. To investigate respondents’ perceptions of the legitimacy

of non-evidence-based therapeutic approaches, we developed a new questionnaire. Five differ-

ent statements were included, each framed in three different scenarios (Normality, Emergency

and COVID-19) for a total number of 15 items. For each triplet, the main clause of the sen-

tence remained constant in the three conditions, while the subordinate clause, at the beginning

or end of the sentence, specified the scenario in which it was framed (see S1 File for the com-

plete list of sentences). All the statements related to the prescription and/or recommendation

by institutions of non-evidence-based treatments. The extent to which the participant agreed

with each of the statements was expressed on a Likert scale ranging from 0 = “Totally disagree”

to 5 = “Totally agree”. A total of 15 statements were presented in a randomised order across

participants.

2.2.3 Interoception. Participants’ interoceptive sensibility (the self-report dimension of

interoception) was assessed through the Italian version of the MAIA [29, 31]. The question-

naire consists of 32 items covering the subjective perception of internal bodily signals for dif-

ferent areas. Responses are given on a 6-point Likert scale ranging from 0 = “Never” to 5 =

Table 1. Demographics of the sample.

Sample N (%)

Sex

Males 32 (50%)

Females 32 (50%)

Age

<35 10 (15.62%)

36–45 17 (26.56%)

46–55 10 (15.62%)

56–65 19 (29.68%)

66–75 8 (12.5%)

Degree

Medical Specialty 12 (18.75%)

Doctorate 52 (81.25%)

https://doi.org/10.1371/journal.pone.0256806.t001
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“Always”. For the scoring, eight measures are calculated from as many subscales that corre-

spond to distinct dimensions of interoceptive sensibility, which makes it possible to differenti-

ate between interoception features. Higher scores on each subscale indicate a better ability to

perceive bodily signals and changes therein.

2.2.4 Anxiety. As anxiety levels have been shown to modulate interoception and decision-

making [32], we also quantified this component through the State-Trait Anxiety Inventory X

(STAI X) [33]. The inventory comprises two scales of 20 items, each assessing state anxiety

(i.e., anxiety level perceived during the test itself) and trait anxiety (i.e., anxiety level perceived

generally). Responses to both scales are given on a 5-point Likert scale ranging from 0 = “Not

at all” to 4 = “Very much so” for the first scale and from 0 = “Almost never” to 4 = “Almost

always” for the second one. The resulting scores for the state and trait anxiety were computed

by averaging subjects’ responses to the pertinent items as described in the manual.

All questionnaires were hosted on SurveyMonkey (Inc. San Mateo, California, USA www.

surveymonkey.com), and the different tests were administered in a randomised order across

participants.

2.3 Statistical analysis plan

Statistical analyses were conducted using SPSS 20 (Statistical Package for Social Science, Chi-

cago, Illinois) and JAMOVI [34]. Firstly, a reliability analysis was carried out on the items

included in the Legitimacy questionnaire.

Then, to study medical decision-making patterns in relation to the experimental condi-

tions, we used a generalised linear mixed model. Condition (Normality, Emergency, COVID-

19) was modelled as a fixed factor. The agreement scores were modelled as the target variable,

for which a multinomial distribution with a cumulative logit function was adopted. A random

intercept modelled on the subjects was included.

Thirdly, we investigated the extent to which interoception modulates the perceived legiti-

macy of non-evidence-based treatments in the case of a COVID-19 scenario compared to a

Normal scenario. To this aim, for each subject, we calculated a score for each of the Legitimacy

questionnaire condition by averaging responses at items 1,4,7,10,13 for the Normality sce-

nario, items 2,5,8,11,14 for the Emergency scenario and items 3,6,9,12,15 for the COVID-19

scenario. Then, we generated a legitimacy index, calculated as the difference between the

COVID-19 and Normality scenario scores. Higher legitimacy index values indicate higher per-

ceived legitimacy in the case of the COVID-19 compared to the Normality scenario. To inves-

tigate the impact of interoception on this index, we ran a linear regression analysis with the

eight MAIA subscales as predictors and legitimacy index scores as the dependent variable. Par-

ticipants’ age and gender were included as covariates.

Lastly, we explored the potential effects of other psychological factors on the legitimacy
index. To this aim, we ran a Pearson’s partial correlation analysis between the legitimacy index
and the (i) number of COVID-19 patients treated, (ii) perceived severity and (iii) preoccupa-

tion with the COVID-19 outbreak, (iv) anxiety level, controlling for the participants’ age and

gender.

3. Results

Socio-demographic variables and responses to the COVID-19 questionnaire are shown in

Tables 1 and 2. Out of the 64 respondents, 50% were women. Most of the respondents had

already treated at least one COVID-19 patient (76.56%). Results from the STAI-X are reported

in Table 3.
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The analysis of the legitimacy questionnaire items showed good internal consistency (Cron-

bach’s α = 0.835). Most items appeared to be worthy of retention and resulted in a decrease in

the alpha value if deleted.

We also found that the scenario types modulated the perceived legitimacy of non-evidence-

based therapeutic approaches. The generalised linear mixed model results showed a main

effect of Condition (F (2,6) = 10.974, p = 0.010), indicating that participants were more inclined

to legitimate non-evidence-based therapeutic approaches in the COVID-19 scenario com-

pared to the Normality scenario (t = -3.915, p = 0.008). There was no difference between the

Emergency and COVID-19 scenarios (t = 0.422, p = 0.688).

Concerning the regression analysis investigating the relationship between the legitimacy
index and interoception, all the assumptions were met. The residuals were normally distrib-

uted (Shapiro–Wilk = 0.975; p = 0.225); the residuals were independent (Durbin–Watson =

1.89), and for all the predictors, the VIF value was < 10, indicating the absence of multicolli-

nearity. We found that the more physicians experienced their own bodies as safe and trustwor-

thy, the higher were their perceptions of the legitimacy of non-evidence-based therapeutic

approaches. The results showed that the overall model explained a significant amount of the

variance in the legitimacy index results (R2 = 0.142, F(10, 53) = 2.04, p = 0.047); in particular, the

MAIA Trusting subscale positively predicted the legitimacy index (b = 0.362, t = 2.198,

p = 0.032) (Fig 1).

Lastly, the legitimacy index did not correlate with number of COVID-19 patients treated

(r(62) = 0.240, p = 0.60), perceived severity of (r(62) = 0.103, p = 0.425) and concern about the

Table 3. Mean score and standard deviation for the State-Trait Anxiety Inventory.

Mean score St. Dev.

STAI—State Anxiety 42.84 10.54

STAI—Trait Anxiety 39 8.53

https://doi.org/10.1371/journal.pone.0256806.t003

Table 2. Number of responses for each alternative in the COVID-19 questionnaire.

Sample N (%)

"How many COVID-19 patients did you treat?"

None 15 (23,43%)

1–5 14 (21,87%)

6–15 11 (17,18%)

>15 24 (37,5%)

"How serious is COVID-19 for health?"

Not at all serious 1 (1,56%)

Slightly serious 2 (3,12%)

Moderately serious 14 (21,87%)

Very serious 27 (42,18%)

Extremely serious 20 (31,25%)

"How much are you worried to become infected with COVID-19?"

Not at all worried 3 (4,68%)

Slightly worried 18 (28,12%)

Moderately worried 33 (51,56%)

Very worried 9 (14,06%)

Extremely worried 1 (1,56%)

https://doi.org/10.1371/journal.pone.0256806.t002
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COVID-19 outbreak (r(62) = -0.068, p = 0.597) or the participants’ state (r(62) = -0.057,

p = 0.658) and trait (r(62) = 0.045, p = 0.730) anxiety levels.

4. Discussion

Healthcare providers continuously make clinical decisions, either for diagnosis or for treatment.

Scientific evidence is an important contributor to this process, as it reduces the uncertainty about

the possible outcomes [35]. However, reliable scientific evidence is not always available or ade-

quately communicated, as occurred during the COVID-19 outbreak in early 2020 in Italy, which

has also posed many challenges to national health services worldwide. This exceptional situation

forced medical institutions and physicians to make critical choices about the allocation of already

limited resources [36]. Moreover, the lack of an effective medical treatment of the virus favoured

off-label, non-evidence-based treatments [37]. In this study, we investigated whether different med-

ical scenarios modulated the perceived legitimacy of non-evidence-based therapeutic approaches.

Moreover, we tested the influence of biological and psychological factors on such behaviour.

Our findings demonstrated that the COVID-19 pandemic and, in general, medical emer-

gency scenarios pushed physicians to consider non-evidence-based treatments as legitimate

possibilities. We speculated that physicians’ responses were influenced by different semantic

descriptions of the same issue in alignment with the so-called “framing effect” [38], according

to which people tend to make decisions based on their perception of the potential losses and

gains rather than on the outcome itself. Interpreting our results, due to the high mortality rate

caused by the pandemic, it might be hypothesised that physicians based their decisions on the

potential losses rather than the potential gains. In other words, they viewed the risk of prescrib-

ing non-EBM treatments more favourably than the risk of not saving the patient’s life. In the

same vein, in the clinical setting, previous studies [6] have demonstrated that the rate of pre-

scription depends on how a decision is framed. More specifically, emergency department clini-

cians who considered antibiotics essentially harmless showed higher prescription rates of

antibiotics to treat pneumonia compared to clinicians who considered antibiotics potentially

Fig 1. Results. The left panel shows the distribution of raw scores in the three conditions. The right panel shows the results of the regression analysis between

the subscale of the MAIA (Trusting) and the delta values of the legitimacy index (difference between perceived legitimacy scores in the COVID-19 and

Normality scenarios).

https://doi.org/10.1371/journal.pone.0256806.g001
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harmful [6]. Considering the COVID-19 pandemic, in a recent study [13], physicians were

asked which treatment they would have applied to manage five increasingly severe medical

cases presenting with symptoms congruent with COVID-19 infection. The results showed that

the higher the clinical severity, the higher the number of chosen treatments combinations,

although evidence about the effectiveness of such therapeutic strategies has been scarce.

Indeed, in the worst clinical cases, this resulted in the prescription of up to six different drugs,

among which the authors identified HCQ and other off-label medications.

Our results also demonstrated that the physicians relied on internal signals to support deci-

sion-making. Contrary to our initial hypothesis, we found that the higher the physician’s trust

in their bodily signals (as indicated by their score on the Trusting subscale of the MAIA), the

greater their propensity to consider off-label drugs a worthy therapeutic choice. The Trusting

subscale reflects the subject’s tendency to consider the perception of bodily sensations as help-

ful for decision-making and health [29]. Consistently, it has been correlated with measures

related to body-listening and self-awareness abilities that are useful in guiding decision-mak-

ing, such as the Listening subscale in the Body Responsiveness Questionnaire [29, 39]. Further-

more, it has been associated with emotion regulation and awareness [40] and low anxiety

levels [29]. These results lead to the speculation that when clinical decision-making is manda-

tory but essential knowledge is lacking, physicians may rely on internal bodily signals and

information to assess the situation and guide their behaviour. Our results also suggest that anx-

iety level or perceived severity of illness did not modulate the relationship between interocep-

tion and the perceived legitimacy of off-label drugs. This finding may be specific to the

category of the population that was studied, that is, physicians, who might have better strate-

gies than non-physicians to cope with their own anxiety levels. Indeed, coping strategies may

play an important role in mediating the outcomes of stressful events, as demonstrated by stud-

ies of the severe acute respiratory syndrome outbreak of 2003 [41].

The association between bodily signals and clinical decision-making has already been pointed

out in healthcare providers. Payne [23] demonstrated that more experienced nurses displayed a

higher skin conductance response than nursing students when deciding on a course of treatment

for clinical cases. Accordingly, the author concluded that physiological processes might have

informed clinical decision-making processes in this specific task. Similar results have also been

found in a study focused on a different professional category [42], namely market traders, to cor-

roborate the relationship between implicit body components and complex cognitive processes.

This study showed that traders had better interoceptive performance than non-traders on the

heartbeat detection task. Furthermore, traders’ interoceptive ability predicted their relative profit-

ability and, strikingly, how long they survived in the financial markets.

To conclude, clinical uncertainty due to unexpected and dangerous situations such as the

COVID-19 pandemic may increase the prevalence of divergent medical decisions. This

appears to be related to a conflict between the reasonable tendency to adapt to standard (i.e.,

EBM) guidelines and the individual biological features of professional figures (physicians),

such as interoceptive competence. Our results, indeed, demonstrate that physicians’ reliance

on internal signals supported the decision-making. As these individual characteristics may

sensibly guide physicians and other healthcare providers’ decision-making, they should be

taken into account when constructing models to prevent the occurrence of medical errors and

the breakdown of healthcare systems in cases of severe emergency.

4.1 Limitations

This study presents some limitations. Since the World Health Organization’s guidelines for

preventing COVID-19 transmission strongly discourage contact and proximity between
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people, especially in indoor settings, we decided to rely on self-report measures to explore both

the perceived legitimacy of off-label or experimental drugs and interoception. It would be rele-

vant to complement this study by exploring which pharmacological treatments and possible

combinations were prescribed to the COVID-19 patients treated by the sample of physicians

enrolled in the current study. Concerning the interoception, also in this case, a more objective

measure would detail its role in the decision-making process better. Although the MAIA ques-

tionnaire is widely used to measure interoception [31, 40, 43, 44], future studies should investi-

gate the role of more objective measures of interoception (i.e., interoceptive accuracy) in the

clinical decision-making process during emergencies.
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