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ABSTRACT
Vaccine hesitancy has become a threat to public health, especially as it is a phenomenon that has also 
been observed among healthcare professionals. In this study, we analyzed the relationship between 
endorsement of complementary and alternative medicine (CAM) and vaccination attitudes and behaviors 
among healthcare professionals, using a cross-sectional sample of physicians with vaccination responsi
bilities from four European countries: Germany, Finland, Portugal, and France (total N = 2,787). Our results 
suggest that, in all the participating countries, CAM endorsement is associated with lower frequency of 
vaccine recommendation, lower self-vaccination rates, and being more open to patients delaying 
vaccination, with these relationships being mediated by distrust in vaccines. A latent profile analysis 
revealed that a profile characterized by higher-than-average CAM endorsement and lower-than-average 
confidence and recommendation of vaccines occurs, to some degree, among 19% of the total sample, 
although these percentages varied from one country to another: 23.72% in Germany, 17.83% in France, 
9.77% in Finland, and 5.86% in Portugal. These results constitute a call to consider health care profes
sionals’ attitudes toward CAM as a factor that could hinder the implementation of immunization 
campaigns.
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Even though vaccinations are one of the most beneficial med
ical advances in human history, they have been subject to 
controversy since the first mass vaccination campaigns—e.g., 
the numerous anti-vaccination leagues that emerged in the 
U.S. during the last quarter of the 19th century.1,2 Vaccine 
hesitancy is a complex phenomenon that encompasses various 
types and degrees of negative attitudes and behaviors—e.g., 
outright rejection, delay, or reluctant acceptance of 
vaccination.3 There are several sources of vaccine hesitancy 
among the general population, such as complacency, distrust, 
and conspiracy beliefs,4 which vary depending on the socio- 
political context and the type of vaccination. For example, 
complacency (i.e., unwillingness to get vaccinated due to low 
perceived risk of vaccine-preventable diseases) is particularly 
salient in relation to the influenza vaccine,5 whereas conspi
racy beliefs and science-related populism tend to manifest 
during threatening and politically charged events, such as the 
COVID-19 pandemic.6,7 Numerous studies have also observed 
vaccine hesitant attitudes among health care professionals 
(HCPs), which are reflected in lower rates of self-vaccination 
and vaccine recommendation to patients.8

Prior studies among the general population and nurses 
suggest that complementary and alternative medicine (CAM) 
is positively related to vaccine hesitancy.9–14 CAM is defined 
by the World Health Organization as “a broad set of health 
care practices that are not part of that country’s own tradi
tional or conventional medicine and are not fully integrated 
into the dominant health care system”15—in Western societies: 
homeopathy, acupuncture, energy and crystal healing, reflex
ology, magnet therapy, or anthroposophic medicine.16–18 Due 
to its potential effect on willingness to recommend and receive 
vaccines, the analysis of the relationship between vaccine hes
itancy and CAM endorsement among physicians is particu
larly relevant due to their direct contact with the general public 
and vulnerable populations, as well as to their key role in 
patients’ vaccine-related decision-making processes.19,20

CAM endorsement and vaccine hesitancy

Despite studies reflecting physicians’ general dissatisfaction 
with the state of knowledge and research about CAM,21,22 

a literature review of 21 survey-based studies in Canada and 
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the U.S. found that a substantial number of HCPs express 
positive attitudes toward CAM and recommend, or would 
consider recommending, CAM to their patients—e.g., 
between 6% and 80% used CAM in their clinical practice, 
with these results varying depending on the definition of 
CAM and sampling methods used in the study.23 In fact, 
one systematic review suggested that HCPs are equally, or 
even more likely, than the general population to use CAM.24 

Another systematic review, this time of surveys with British 
physicians, found that the mean prevalence of personal use 
of CAM among physicians was 20.6%, with an average 
referral rate to CAM of 39%, even though only 10.3% of 
these physicians had received specific training in CAM.25 

Other studies conducted in European countries show 
a similar scenario. For example, in the study by Berretta 
et al.26 55% of the sample of Italian physicians recommended 
CAM to their patients, whereas in the German sample ana
lyzed in the study by Linde et al.27 23% of family physicians, 
6% of internists, and 31% of orthopedist personally used four 
or more forms of CAM frequently, and 68% reported using 
homeopathy to treat patients.

The link between CAM endorsement and negative atti
tudes toward vaccines has been documented in previous 
research among the general public. A systematic review, 
which categorized arguments against vaccines retrieved 
from peer-reviewed articles and debunking texts published 
by international fact checking agencies, identified a category 
of arguments largely based on alternative health beliefs 
related to CAM.28 This category was the third most common 
in the scientific and fact-checking literature. Furthermore, 
anti-vaccination arguments related to CAM were also 
among the most endorsed arguments by individuals from 
the British general population in a study by Holford et al.29 

These results suggest that CAM beliefs play an important role 
in individuals’ justification of their hesitant attitudes toward 
vaccines for both adults and children.30 Bryden et al.,31 Soveri 
et al.,12 Lewandowsky et al.,11 and Hornsey et al.10 analyzed 
samples from the Australian, Finnish, American, and Spanish 
general populations and found that positive attitudes toward 
CAM were related to negative attitudes toward vaccines. In 
a recent large-scale study in 18 European countries, parental 
consultation with homeopaths was associated with higher 
vaccine hesitancy than consultation with pediatricians or 
nurses.32 Moreover, in a systematic review, Wardle et al.33 

found that CAM use tended to be positively associated with 
lower childhood immunization – see the work by Bleser et 
al.34 and Frawley et al.35 for more recent results from the 
U.S. and Australia.

Overview of the present study

We report an unprecedent quantitative examination of the 
link between CAM endorsement and vaccine-related atti
tudes and behaviors among HCPs from four European 
countries (France, Portugal, Finland, and Germany). 
Given that a substantial number of HCPs use and prescribe 
CAM, and there is a known positive link between CAM 
and vaccine hesitancy in the general population, we 
hypothesized that:

H1: CAM endorsement among medical practitioners with 
vaccination responsibilities will predict negative vaccination 
attitudes and behaviors.

Following the well-established theory of planned behavior, 
according to which behaviors are influenced by previous atti
tudes in a process of sense-making,36 we also hypothesized that 
negative attitudes toward vaccines associated with CAM 
endorsement would constitute a motivational context in 
which physicians’ willingness to recommend and receive vac
cinations is reduced:

H2: Attitudes toward vaccines will mediate the relationship 
between CAM endorsement and vaccine-related behaviors.

Methods

Sample

In Germany, GPs, pediatricians, and gynecologists were 
recruited between 03/31/2022 and 04/24/2022 via Schlesinger 
Group Germany. In Portugal, GPs and pediatricians were 
recruited between 04/06/2022 and 05/06/2022 through invita
tions sent to the mailing list of the Portuguese Society of 
Pediatricians and the Portuguese Association of General 
Practice and Family Medicine. In France, GPs were recruited 
between 03/18/2022 and 04/27/2022 through invitations sent 
to the mailing list of National Association of General 
Practitioners. Finally, in Finland, GPs and pediatricians were 
recruited between 04/25/2022 and 05/16/2022 through invita
tions sent to the mailing list of the Finnish Medical 
Association. We received responses from 2,875 physicians, of 
which 88 were excluded due to missing values on one or more 
variables of interest, thus resulting in a final sample of 2,787 
participants.

Measures

All the sociodemographic questions and scales used in this 
study were adapted to the context of each country by the 
research team, and then translated and back-translated by 
professional translators.

CAM endorsement
Participants’ attitudes toward CAM were assessed using 
a 5-item scale measuring CAM rejection developed by 
Lewandowsky et al.11 with 2 items taken from Hyland et al.37 

The polarity of the scores of the first and third items was 
reversed for analysis such that higher mean scores indicate 
endorsement of CAM practices. Sample items: “complemen
tary medicine builds up the body’s own defenses, so leading to 
a permanent cure” and “complementary medicine is superior 
to conventional medicine in treating chronic ailments such as 
allergies, headaches, and back pains”. Confirmatory factor 
analysis of the one-factor model used in previous studies,11,14 

including a residual correlation between items 1 and 3, 
resulted in adequate fit indices (χ2 (4) = 15.328, p > .01; CFI  
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= 0.99, TLI = 1; RMSEA = 0.03 (CI: 0.016–0.050); SRMR =  
0.01), with all the factor loadings above 0.30.

Vaccine-related attitudes
We administered the international version of the 
Professionals Vaccine Confidence and Behaviors 
Questionnaire (I-Pro-VC-Be). All the four country- 
specific adaptations of the I-Pro-VC-Be used in this study 
have been previously validated for use in those countries,38 

and are composed of 33 items to measure psychosocial 
determinants of HCPs’ attitudes toward vaccines. 
Following previous work by Verger et al.39 the items of 
the I-Pro-VC-Be were grouped into six constructs:

● Confidence in Vaccines, composed of items reflecting 
perceived risks of vaccines (i.e., how safe HCPs perceive 
certain vaccines to be), complacency (i.e., the perception 
of lack of usefulness of vaccines), perceived benefit-risk 
balance of vaccines (i.e., the degree to which HCPs per
ceive that the benefits of vaccines outweigh their poten
tial risks), and perceived collective responsibility (i.e., the 
extent to which HCPs recommend vaccines to contribute 
to community immunity). Sample items: “vaccines 
against human papillomaviruses are safe” and “the ben
efits of the vaccine against measles outweigh its potential 
risks.”

● Trust in Authorities (i.e., trust in institutions and health 
authorities to provide reliable vaccine information and to 
define the vaccination strategy). Sample items: “I trust the 
information provided by the [relevant national institu
tion] about the risks and benefits of vaccines” and “I trust 
the [relevant national institution] to establish the vacci
nation strategy.”

● Perceived Constraints (i.e., perceived practical con
straints, such as cost of or access to vaccines). 
Sample items: “the cost of some vaccines is 
a problem for some patients and can keep me from 
prescribing them” and “the lack of availability of cer
tain vaccines in my country is sometimes a problem 
that can keep me from prescribing them to my 
patients.”

● Proactive Efficacy, composed of items reflecting 
commitment to vaccination (i.e., the extent to 
which HCPs are proactive in motivating their 
patients to accept vaccinations) and self-efficacy 
(i.e., how prepared HCPs feel in terms of knowledge 
and skills to address vaccination with patients). 
Sample items: “I am committed to developing the 
skills needed to communicate better with my patients 
about vaccination” and “I feel comfortable discussing 
vaccines with my patients who are highly hesitant 
about vaccination.”

● Reluctant Trust (i.e., the “leap of faith” to trust vaccines 
and policies even if HCPs have doubts). Sample items: “I 
may sometimes recommend vaccines from the official 
schedule even if I feel I am not sufficiently informed” 
and “I may sometimes recommend the vaccines on the 

official schedule even in cases where I have doubts about 
their safety.”

● Openness to patients. These items express positive 
attitudes toward hesitant patients, such as viewing 
their concerns regarding vaccination as legitimate, 
letting patients to delay the immunization of children, 
and a neutral approach to informing patients about 
the benefits of vaccines. Sample items: “patients who 
are hesitant about the benefits and risks of vaccines 
have legitimate questions” and “I am open to patients 
delaying immunization of their children.”

Vaccine-related behaviors
Following precedents in previous studies,38,39 we used 
three variables to assess participants’ vaccine-related 
behaviors:

● Vaccine Recommendation (i.e., HCPs’ tendency to 
recommend vaccines to their patients). Participants 
indicated how often they recommend seven vaccines 
included in the immunization plans of their respective 
countries to patients without contraindications (e.g., 
“when you treat adults who have not had the COVID- 
19 vaccine, what is the percentage of these patients for 
whom you actively recommend the vaccine?”). The 
option “I do not treat patients within this age/target 
group” was available. If participants chose this option, 
they were asked to answer the question as if they were 
in the given situation and to state their intention to 
recommend the given vaccine to the given target 
group (e.g., “please imagine you are treating an adult 
who has not had the COVID-19 vaccine and has no 
contraindications. How likely is it that you would 
recommend the vaccine to the patient?”). Both ques
tions were merged to obtain a measure of vaccine 
recommendation frequency and intention for each 
type of vaccine, and then a total mean across all 
types of vaccines was calculated.

● Self-Vaccination (i.e., HCPs’ personal vaccine uptake). We 
asked HCPs about their vaccination status against 
COVID-19 and influenza during the previous three years.

● General Vaccination Behavior: These questions reflect 
behaviors included in the usual protocols of practitioners, 
such as how often HCPs check the vaccination status of 
their patients, bring up the subject of vaccination, and 
recommend the indicated vaccines. Sample items: “how 
often do you check that your patients have received the 
vaccines recommended for them (whether from records or 
asking)?” and “how often do you bring up the subject of 
vaccination?.”

The HCPs’ responses were averaged within each construct 
to create a single variable representing each construct. The 
psychometric characteristics, internal consistency, and 
descriptive statistics of the scales used in the study are 
displayed in Table 1. Analogous tables for each country 
are available in Supplementary Material.
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Results

Sociodemographic characteristics of the sample

The sociodemographic characteristics of the general sample 
are reported in Table 2. The majority of the participating 
physicians had vaccination responsibilities and were GPs or 
pediatricians. Most physicians had children and were French, 
whereas the Finnish physicians were the least represented in 
the sample. Age and gender distributions were balanced.

Sociodemographic differences in CAM endorsement

Sociodemographic differences regarding country, age, gen
der, children, and profession in CAM endorsement were 
analyzed with a series of independent-samples t-tests and 
one-way between-subjects ANOVAs. Given our sample size 
(N = 2,787), our data would be sufficient to reliably detect 
small effects of d = 0.13 and F = 0.06, with 80% power (α =  
0.05, two-tailed). Variable means and standard deviations 
are displayed in Figure 1. The results showed that there 
were statistically significant differences in CAM endorse
ment between countries, age groups, and professions, how
ever not between genders nor households with or without 
children. CAM endorsement was lowest in Finland and 
highest in Germany. CAM endorsement was also highest 

in the oldest age group (>50) and lowest in the youngest 
(<40) age group. CAM endorsement was lowest among 
pediatricians and highest among gynecologists – however, 
it is worth noting that, in this case, country may be acting 
as a confounder as only the German sample included 
gynecologists. Follow-up and country-specific analyses 
assessing these sociodemographic differences can be found 
in Supplementary Material.

First hypothesis: predictive power of CAM endorsement 
for vaccine-related attitudes and behaviors

To assess the predictive power of CAM endorsement for vac
cine-related attitudes and behaviors, we conducted linear 
mixed effects model analyses in R (v. 4.2.2) using the lme4 
package,40 as well as the lmerTest package to calculate the 
statistical significance of effects,41 and the performance pack
age to obtain model fit, VIF, and tolerance statistics.42 There 
are currently no agreed standards for conducting sensitivity 
and post-hoc power analyses for linear mixed effect models, 
since this is a developing area. However, our large sample of 
2,787 participants is sensitive to detecting very small effects in 
both the ANOVAs (reported in the previous section) and the 
linear regressions (reported in Supplementary Material), 
which gives confidence that it is sufficiently powered to reli
ably detect the observed effect sizes in the mixed effect models 
as well. We ran separate models for nine outcome variables 
(Confidence in Vaccines, Proactive Efficacy, Trust in 
Authorities, Reluctant Trust, Perceived Constraints, General 
Recommendation Behavior, Vaccine Recommendation, Self- 
Vaccination, and Openness to Patients), with CAM 
Endorsement and the sociodemographic variables age, gender, 
children, and profession as the independent variables, and 
country as a random intercept. These results are displayed in 
Table 3 and support our hypothesis that CAM endorsement 
among medical practitioners with vaccination responsibilities 
predicts negative vaccination attitudes and behaviors, although 
we did not find an association with General Recommendation 
Behavior. Model specifications and analogous country-specific 
analyses can be found in Supplementary Material.

Second hypothesis: mediational models between CAM 
endorsement and vaccine-related behaviors

In order to assess the role of vaccine attitudes in the relationship 
between CAM Endorsement and the two vaccine-related 

Table 1. Psychometric characteristics, internal consistency, and descriptive statistics of the variables included in the study.

Number of items Likert Scale M SD Skewness Kurtosis Cronbach’s alpha

CAM Endorsement 5 1–7 2.12 1.09 1.00 0.51 .70
General Vaccination Behavior 3 1–4 3.38 0.62 −0.40 0.36 .79
Vaccine Recommendation 8 1–10 8.24 1.59 −1.28 2.44 .76
Self-vaccination 2 0–3 2.76 0.49 −2.47 6.70 .31
Openness to patients 3 1–5 3.12 0.84 −0.02 −0.25 .57
Confidence in vaccines 14 1–5 4.67 0.42 −2.17 6.78 .87
Proactive efficacy 7 1–5 4.36 0.52 −0.82 0.79 .84
Trust in authorities 3 1–5 4.29 0.78 −1.36 2.3 .89
Perceived constraints 3 1–5 2.33 0.97 0.45 −0.40 .62
Reluctant trust 3 1–5 2.23 1.05 0.62 −0.43 .83

In all cases greater score in the respective Likert scale indicated greater adherence to the construct.

Table 2. Sociodemographic characteristics of the sample.

N Percentage

Vaccination responsibilities 2749 98.64%
Nationality

French 1211 43.45%
German 607 21.78%
Portuguese 580 2.81%
Finnish 389 14.28%

Profession
General practitioners 2124 76.21%
Pediatricians 508 18.23%
Gynecologists 117 4.20%
Other professions 38 1.36%

Age
Under 40 years 922 33.08%
Between 40 and 49 years 634 22.75%
Over 50 years 1231 44.17%

Gender
Male 1117 4.08%
Female 1662 59.63%
Non-binary 2 .07%
Preferred not to state 6 .22%

Children
Having children 2199 78.90%
No children 588 21.10%
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behaviors negatively predicted by CAM Endorsement in the 
linear mixed effects models (i.e., Vaccine Recommendation 
and Self-Vaccination), we used the PROCESS macro (v. 3.4) 
for SPSS (v. 27) to conduct targeted mediation analyzes estimat
ing the indirect effect via bootstrapping (95% confidence inter
vals; number of bootstrap samples: 5000). Mediation analysis 
tests if a third variable can explain the relationship between the 
independent and dependent variable, thus outlining a sequence 
whereby the independent variable indirectly predicts the out
come on the dependent variable via the mediator – the so-called 
“indirect effect.”43 Given our sample size (N = 2,787), the regres
sion model would be sensitive to small effects of β = 0.003and 
R2 = 0.003, with 80% power (α = 0.05). To simplify the analyses 
and avoid reporting marginal effects, we selected Confidence in 
Vaccines as the mediator variable since it was the only measure 

of vaccine-related attitudes with a medium-sized association 
with CAM endorsement (β > 0.30).

A graphical representation of the mediation analyses can be 
found in Figure 2. The results indicate that Confidence in 
Vaccines constitutes a significant mediator and that its media
tional role is particularly strong for the relationship between 
CAM Endorsement and Vaccine Recommendation, account
ing for 84% of the association (R2 = 0.27). Furthermore, 
Confidence in Vaccines accounts for 56% of the association 
between CAM Endorsement and Self-Vaccination (R2 = 0.16). 
These mediations were robust across countries, albeit the 
indirect effects were particularly strong in Germany (see 
Supplementary Material), and support our hypothesis that 
attitudes toward vaccines mediate the relationship between 
CAM Endorsement and vaccine-related behaviors.

Figure 1. CAM endorsement for country, age group, gender, households with or without children, and profession. The dots show the means, and the bars represent the 
standard deviations.
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Latent profiles among physicians

A Latent Profile Analysis (LPA) was conducted using the 
tidyLPA package for R (v. 4.2.2),44 to quantify the number of 
participants expressing higher-than-average CAM Endorsement 
and lower-than-average Confidence in Vaccines, Vaccine 
Recommendation, and Self-Vaccination. LPA is a person- 
centered analytic tool that offers a classification of each partici
pant in the most probable profile based on a set of observable 
variables.45 A range of indices determine the most reliable 
separation of latent profiles: lower values for the Akaike 
Information Criterion (AIC), Bayesian Information Criterion 
(BIC), and sample-size adjusted BIC (SABIC), as well as an 
entropy value above 0.80. These fit indices can be expected to 
function adequately in samples larger than 300 participants, as is 
the case for all our national subsamples.46 Table 4 shows the fit 
indices of models with 1–5 profiles. We selected the 3-profile 
model, which exhibited the lowest AIC, BIC, and SABIC among 
models with an optimal entropy parameter (>0.80).

The standardized means of the resulting three latent pro
files are displayed in Figure 3. The first profile, labeled as 
“CAM-negative, vaccine-positive,” includes 2,258 physicians 
(81.02%) exhibiting negative attitudes toward CAM (i.e., below 
the sample average in CAM Endorsement) and positive toward 
vaccines (i.e., above the sample average in Vaccine Confidence, 
Vaccine Recommendation, and Self-Vaccination). This major
ity profile reflects the expected attitude among physicians 
inclined to base their clinical practice on the available scientific 
evidence. The second profile, labeled as “CAM-positive, vac
cine-negative, average self-vaccination,” comprises 214 physi
cian (7.68%) who reported above-average CAM Endorsement 
and below-average confidence in, and recommendation of, 
vaccines, with average levels of Self-Vaccination. Finally, the 
third profile, labeled as “CAM-positive, vaccine-negative, low 
self-vaccination” accounts for 315 physicians (11.30%) expres
sing above-average CAM Endorsement and below-average 
confidence in, and recommendation of, vaccines, but this 
time with below-average Self-Vaccination. In sum, 19% of 
the surveyed physicians were classified as having above- 
average CAM Endorsement and below-average confidence 
in, and recommendation of, vaccines.

Specific LPAs for each participating country are reported in 
Supplementary Material. While for all countries, the analysis 
identified a profile with higher CAM Endorsement and lower 
Vaccine Recommendation, the number of profiles of the most 

Table 3. Linear mixed effect models with CAM endorsement and sociodemo
graphic variables as independent variables, country as a random intercept, and 
vaccine-related attitudes and behaviors as dependent variables.

Independent variable β CI

Confidence in Vaccines
Intercept −0.07 (−0.31, 0.17)
CAM Endorsement −0.38* (−0.41, −0.34)
Age: 40–49 0.01 (−0.09, 0.11)
Age: 50+ 0.03 (−0.06, 0.12)
Gender: Woman 0.15* (0.08, 0.22)
Children: Yes −0.01 (−0.11, 0.08)
Profession: Pediatrician vs GP 0.12 (0.02, 0.23)
Profession: Gynecologist vs GP 0.05 (−0.13, 0.23)

Proactive Efficacy
Intercept −0.28 (−0.72, 0.17)
CAM Endorsement −0.16* (−0.20, −0.12)
Age: 40–49 0.19 (0.09, 0.29)
Age: 50+ 0.31* (0.21, 0.40)
Gender: Woman −0.15* (−0.23, −0.07)
Children: Yes 0.13 (0.03, 0.23)
Profession: Pediatrician vs GP 0.32* (0.21, 0.43)
Profession: Gynecologist vs GP −0.09 (−0.28, 0.10)

Trust in Authorities
Intercept 0.05 (−0.46, 0.57)
Endorsement of CAM −0.20* (−0.23, −0.16)
Age: 40–49 −0.00 (−0.10, 0.10)
Age: 50+ 0.01 (−0.08, 0.10)
Gender: Woman 0.09 (0.01, 0.15)
Children: Yes 0.06 (−0.03, 0.15)
Profession: Pediatrician vs GP −0.01 (−0.11, 0.09)
Profession: Gynecologist vs GP −0.04 (−0.22, 0.13)

Reluctant Trust
Intercept 0.29 (0.04, 0.54)
CAM Endorsement 0.16* (0.12, 0.20)
Age: 40–49 −0.01 (−0.11, 0.10)
Age: 50+ 0.01 (−0.09, 0.10)
Gender: Woman −0.17* (−0.25, −0.09)
Children: Yes −0.04 (−0.15, 0.06)
Profession: Pediatrician vs GP −0.41* (−0.52, −0.29)
Profession: Gynecologist vs GP −0.31 (−0.51, −0.11)

Perceived Constraints
Intercept 0.33 (−0.07, 0.74)
CAM Endorsement 0.12* (0.08, 0.16)
Age: 40–49 −0.06 (−0.16, 0.05)
Age: 50+ −0.02 (−0.12, 0.08)
Gender: Woman −0.14 (−0.22, −0.06)
Children: Yes −0.02 (−0.12, 0.08)
Profession: Pediatrician vs GP −0.36* (−0.47, −0.25)
Profession: Gynecologist vs GP −0.31 (−0.50, −0.12)

Openness to Patients
Intercept 0.24 (−0.06, 0.54)
CAM Endorsement 0.25* (0.22, 0.29)
Age: 40–49 0.04 (−0.06, 0.14)
Age: 50+ 0.00 (−0.09, 0.10)
Gender: Woman −0.13 (−0.21, −0.05)
Children: Yes −0.07 (−0.17, 0.03)
Profession: Pediatrician vs GP −0.26* (−0.37, −0.15)
Profession: Gynecologist vs GP −0.38* (−0.57, −0.19)

General Recommendation Behavior
Intercept −0.29 (−0.97, 0.40)
CAM Endorsement −0.04 (−0.07, 0.00)
Age: 40–49 −0.04 (−0.13, 0.06)
Age: 50+ 0.07 (−0.02, 0.15)
Gender: Woman 0.05 (−0.03, 0.12)
Children: Yes 0.07 (−0.02, 0.17)
Profession: Pediatrician vs GP 0.52* (0.41, 0.62)
Profession: Gynecologist vs GP −0.33 (−0.51, −0.15)

Vaccine Recommendation
Intercept −0.16 (−0.56, 0.23)
CAM Endorsement −0.23* (−0.26, −0.19)
Age: 40–49 0.05 (−0.05, 0.15)
Age: 50+ 0.08 (−0.02, 0.17)
Gender: Woman 0.15* (0.08, 0.23)
Children: Yes 0.01 (−0.08, 0.11)

(Continued)

Table 3. (Continued).

Independent variable β CI

Profession: Pediatrician vs GP 0.26* (0.15, 0.36)
Profession: Gynecologist vs GP 0.28 (0.09, 0.46)

Self-Vaccination
Intercept −0.10 (−0.31, 0.11)
CAM Endorsement −0.23* (−0.27, −0.19)
Age: 40–49 −0.01 (−0.12, 0.09)
Age: 50+ 0.01 (−0.08, 0.11)
Gender: Woman 0.11 (0.04, 0.19)
Children: Yes 0.06 (−0.04, 0.16)
Profession: Pediatrician vs GP −0.04 (−0.16, 0.06)
Profession: Gynecologist vs GP −0.35* (−0.54, −0.16)

* p < .001.
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reliable model varied from one country to another. A fourth 
profile emerged in France, accounting for physicians with 
positive attitudes toward both CAM and vaccination (9.25% 
of the French sample), whereas in the 2-profile model of the 
Portuguese sample the profile that combines higher CAM 
Endorsement and average Self-Vaccination was not identified. 
The percentage of physicians expressing higher-than-average 
CAM Endorsement and lower-than-average Vaccine 
Confidence and Vaccine Recommendation also varied 
between countries: Germany (23.72%), France (17.83%), 
Finland (9.77%), and Portugal (5.86%).

Discussion

In line with our hypotheses, we found evidence in an interna
tional sample of physicians with vaccination responsibilities 
that positive attitudes toward CAM were associated with nega
tive vaccine-related behaviors, such as greater propensity not 
to self-vaccinate and recommend vaccines included in their 
national immunization schedules. However, we did not find an 
association with general behaviors that may be less subject to 
HCP’s own judgment, such as checking the vaccination status 
of patients or bringing up the subject with them, which are 
routinely performed by physicians in the surveyed countries. 
Our results also indicated that the associations between atti
tudes to CAM and vaccination behaviors were mediated by 
lower confidence in vaccines, meaning that physicians who 
endorse CAM had a higher likelihood of having both lower 
confidence in vaccines and proneness to recommend vaccines. 
Moreover, a person-centered analysis (LPA) revealed that lar
ger CAM endorsement occurred together with more negative 
vaccine attitudes and less vaccine recommendations in 19% of 
our total sample. As reported in the Supplementary Material, 
the main results were relatively robust across the four 

participating countries, although the percentage of physicians 
exhibiting higher levels of endorsement of CAM and lower 
willingness to recommend vaccinations varied from one coun
try to another, being larger in Germany and smaller in 
Portugal.

Ernst47 proposed several potential causes for the observed 
relationship between vaccine hesitancy and CAM.9–12,14,48 

Since CAM use occurs more frequently at the poles of the 
disease spectrum (i.e., in cases of minor or life-threatening 
illness), CAM use has been identified as a marker of both 
misperception of risk and frustration with regular healthcare 
(e.g., negative prognosis or lack of remission of symptoms).49 

Accordingly, CAM-related health conceptions could be moti
vating HCPs to be more reluctant to recommend and receive 
vaccinations both for illnesses that are perceived as minor and 
in cases of severe clinical pictures. There are also reasons 
related to the potential alignment between CAM and the 
ideology or worldview of the HCP, such as their distrust in 
“Big Pharma” or a general disregard for scientific knowledge.50 

Along the same lines, Attwell et al.51 found in semi-structured 
interviews with vaccine hesitant Australian parents that the 
main reasons for their preference for CAM included a greater 
affinity between CAM, their do-it-yourself approach to health 
care, and their sympathy for natural and harm-free products in 
contrast to medications marketed by pharmaceutical compa
nies, which were perceived as ineffective, “toxic” and 
“adulterating.”52

Besides these implicit reasons, some CAM traditions are 
theoretically incompatible with vaccination and portrayed as 
a valid, or even superior, alternative to scientific knowledge.51 

A quantitative study found that pro-CAM and anti- 
vaccination attitudes both reflect beliefs contrary to basic 
scientific knowledge, such as “an imbalance between energy 
currents lies behind many illnesses” and “an illness should be 
treated with a medicine that has properties similar to those of 

Figure 2. Graphical representation of mediation analyses. Values represent standardized β coefficients. Mediational effects were tested by analyzing the indirect effect 
via bootstrapping (95% confidence intervals; number of bootstrap samples: 5000). CAM = CAM endorsement, CV = Confidence in Vaccines, VR = Vaccine 
Recommendation, S-V = Self-Vaccination. * = p < .001.

Table 4. Fit of latent profile models.

No. of profiles AIC BIC SABIC Entropy

1 31648.65 31696.11 31670.70 -
2 28974.24 29051.37 29010.06 .98
3 28454.31 28561.10 28503.91 .91
4 28546.62 28683.08 28610 .63
5 28418.46 28584.58 28495.61 .58

Selected model in bold.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 7



the illness.”31,53 An example of these CAM-related beliefs that 
contradict the theoretical basis of vaccinations is “homeo
pathic immunization” through so-called “nosodes” – orally 
administered extreme dilutions of infectious agents.54 

Similarly, Rudolf Steiner and Ryke Geerd Hamer, promoters 
of anthroposophic medicine and German new medicine, 
respectively, have sown doubts about vaccinations based on 
their conceptions of the etiology and treatment of diseases.55 

Consequently, strong science denial and vaccine hesitancy can 
be found within these communities,56,57 and outbreaks of 
vaccine-preventable diseases, such as measles and whooping 
cough, have been reported in educational centers linked to 
anthroposophy.58

Considering recurrent cases of suboptimal vaccine uptake 
and the risks associated with CAM use,59,60 as well as the 
spread of CAM-related misinformation during the COVID- 
19 pandemic,61 the reported results have relevant implications 
for clinical practice. As the most trusted source of health 
information,19,20 physicians play a key role in countering vac
cine hesitancy among patients.62 However, alternative health 
beliefs among physicians could be hindering productive face- 
to-face interactions, which constitute the best opportunity to 
discuss patients’ vaccine objections by effectively rebutting 
their misconceptions around vaccinations. It would therefore 
be recommendable to deploy interventions to tackle the impli
cit and explicit reasons that may lead physicians to endorse 

CAM. Among these potential interventions are inoculation or 
empathetic-refutational techniques.63,64

Despite the fact that the rates of physicians exhibiting 
higher-than-average CAM endorsement and lower-than- 
average vaccine confidence and recommendation identified 
in our LPA have no direct precedents, the resulting patterns 
mirror the results from previous studies investigating CAM 
use among HCPs and the general population. As we men
tioned in the introductory section, HCPs tend to be equally 
likely than the general population to use CAM,24 even though 
some studies have found strikingly high rates of CAM use and 
referral among HCPs—e.g., 39% in a study by Posadzki et al.25 

55% in a study by Berretta et al.26 and 68% in a study by Linde 
et al.27 A survey on the use of several CAM techniques, such as 
acupuncture, massage, homeopathy, and spiritual healing, 
during the last 12 months among the general European popu
lation showed an overall average rate of CAM use of 25.9%, 
with Portugal exhibiting the lowest rate of CAM use (12.9%) 
and Germany the highest (39.5%) among the four countries 
included in the present study—31.2% in France and 35.3% in 
Finland.65

The higher rates observed in Germany may be explained by 
a greater integration of CAM into the German health system, 
as this country has recognized natural health practitioners 
(heilpraktiker) since the late 1930s,66 and it is also common 
for German medical doctors to provide CAM – around 60% in 

Figure 3. Profiles identified in a latent profile analysis.
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some surveys.27,67 Natural health practitioners only require an 
examination on basic medical knowledge at a local public 
health office to become accredited, so university medical edu
cation and advanced training are not necessary for CAM 
practitioners in Germany. Even though these CAM practi
tioners are allowed to provide a wide variety of CAM techni
ques, only a few of these interventions are reimbursed under 
the German statutory health insurance.68 CAM is also inte
grated into the French medical system, especially acupuncture 
and homeopathy. Both CAM-only practitioners and physi
cians who occasionally practice CAM can prescribe homeo
pathic products, but these products have no longer been 
reimbursed by the National Health Insurance Fund since 
1 January 2021. However, patients may receive reimbursement 
of 70% for acupuncture as long as they seek treatment from 
a registered CAM practitioner.69 In contrast, CAM is not 
officially integrated into the Finnish healthcare system. The 
Finnish Health Professionals Act establishes that “a person is 
not acting as a health professional when providing alternative 
therapies, even if he or she is trained as a health professional. 
A health professional providing alternative therapies must 
ensure that clients understand that they are receiving non- 
medical care when providing services.”70 Finally, in Portugal, 
the participating country with the lowest rates of CAM endor
sement, practitioners of acupuncture, phytotherapy, tradi
tional Chinese medicine, osteopathy, and chiropractic must 
have completed university studies accredited by the Agency 
for Accreditation of Higher Education to receive accreditation 
from the Central Administration of the Health System. 
Homeopathy remains a controversial issue and accreditation 
is not currently issued, so homeopaths in Portugal act without 
regulation. Despite being strictly regulated and with the only 
exception of acupuncture for the treatment of pain, CAM is 
not available in Portuguese public health facilities and CAM 
treatments are not reimbursed under the national health insur
ance. Thus, Portuguese regulation focuses more on patient 
protection than on facilitating or increasing access to CAM.71

The reported study has great strengths, such as the use of 
large samples from multiple countries, multivariate analyses 
considering potential sociodemographic confounders, and vali
dated tools for measurements. The statistical methods used in 
this study can be prone to overfitting if sample sizes are small 
and assumptions about the sample distributions are not met. 
However, we did not observe these issues within our analyses. 
Indeed, post-hoc sensitivity analyses confirmed that the sample 
was unlikely to be underpowered. However, there are several 
limitations that constrain the interpretation of our results. First, 
despite being large and allowing the analysis of a range of 
sociodemographic differences, the samples are not fully repre
sentative of the medical populations of the countries included in 
the study—e.g., the Portuguese sample is particularly young 
compared to the population from which it was collected. 
Therefore, the generalization of these results at the national 
level should be approached with some caution. Second, although 
the reported mediation analyses cannot confirm causal relation
ships between the tested variables due to the correlational nature 
of our data, they can guide future experimental research due to 
its compatibility with a causal interpretation (i.e., association 
does not imply causation, but causation implies association in 

cross-sectional samples with proper size and variability). Third, 
the four countries included in the study are Western, Educated, 
Industrialized, Rich, and Democratic (WEIRD).72 Given that 
public policies integrating CAM into the national health system 
tend to be more prevalent among developing countries,15 cau
tion is also required when these outcomes are extrapolated to 
non-WEIRD countries. Fourth, our psychometric approach to 
CAM endorsement was general, so we have not measured 
differences between CAM techniques. Future studies may wish 
to replicate these analyses at the level of specific techniques.

Concluding remarks

Cross-sectional data collected from 2,787 physicians with vacci
nation responsibilities from four European countries demon
strated a consistent positive relationship between CAM 
endorsement and vaccine hesitancy, with around 1/5 of the 
surveyed physicians manifesting this relationship to a greater 
or lesser extent. The associations between CAM endorsement 
and a lower propensity to recommend and receive vaccinations, 
in which low confidence in vaccines plays a mediational role, are 
particularly relevant due to its potential negative impact on 
immunization campaigns. We have argued that, from 
a theoretical point of view, this situation may be explicable by 
reasons that are both implicit (i.e., CAM would fit better with 
certain worldviews and ideological standpoints that conflict with 
the epistemology and values that underlies scientific knowledge) 
and explicit (i.e., some CAM techniques are doctrinally opposed 
to the use of vaccines). Although we have outlined these poten
tial explanations for the observed relationships, more research is 
needed to better understand the underlying mechanisms.
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