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Abstract

Background: An accurate understanding of dietary supplements (DS) is a prerequisite for informed decisions regarding their
intake. However, there is a need for studies on this understanding among the public based on validated research tools.

Objective: This study aims to assess the knowledge about DS among Polish internet users with no medical education and to
identify its determinants and design an appropriate predictive model.

Methods: The study protocol was prospectively registered with a statistical analysis plan. Polish users of a web-based health
service and a social networking service were administered a survey consisting of the recently developed questionnaire on knowledge
about DS, the questionnaire on trust in advertising DS, the beliefs about medicines questionnaire, and several other health-related
single-item measures and sociodemographic questions. The results were subjected to general linear modeling.

Results: A total of 6273 participants were included. Of the 17 yes or no questions in the questionnaire of knowledge about DS,
the mean number of correct responses was 9.0 (95% CI 8.9-9.1). Health service users performed worse than social networking
users by 2.3 points (95% CI 2.1-2.5) in an analysis adjusted for potential confounders. Internet users had fewer true beliefs about
DS if they presented higher trust in their advertising (adjusted β=−.37; 95% CI −.39 to −.34), used DS (adjusted β=−.14; 95%
CI −.17 to −.12), experienced their positive effect (adjusted β=−.16; 95% CI −.18 to −.13), were older or younger than 35 years
(adjusted β=−.14; 95% CI −.17 to −.12), expressed interest in the topic of DS (adjusted β=−.10; 95% CI −.13 to −.08), reported
getting information about the products from friends (adjusted β=−.13; 95% CI −.15 to −.11), and believed that medicines are
harmful (adjusted β=−.12; 95% CI −.15 to −.10). The proposed 5-predictor model could explain 31.2% of the variance in knowledge
about DS. The model appeared resistant to overfitting and was able to forecast most of the observed associations.

Conclusions: Polish internet users with no medical education exhibit some false beliefs regarding DS. Trusting the advertising
of DS appears to conflict with knowledge about them. There is an urgent need for effective web-based educational campaigns
on DS and the promotion of advertising literacy. After the proposed predictive model is externally validated, it may help identify
the least informed target audience.

(J Med Internet Res 2021;23(4):e25228) doi: 10.2196/25228
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Introduction

Background
Dietary supplements (DS) are consumed by approximately half
of the adult population in developed countries [1-3]. They are
used not only to fill potential nutrient gaps, as they are intended
to, but also ostensibly to improve and maintain overall health
and well-being, prevent or treat diseases, enhance cognitive and
sports performance, and extend life expectancy [3-8]. The
recommendations of health care providers seem to play only a
minor role in the decision to use DS [4]. Instead, media,
including the internet, appear to shape DS consumption patterns
[5,9]. The internet is able to build a highly positive picture of
DS [10-15]. In contrast, recent findings of large-scale,
high-quality research studies highlight overall negligible benefits
[2,16] and potential threats [2,17,18] related to DS use. It is
important to evaluate the actual knowledge about DS held by
the public and its determinants, not only for cognitive reasons
but also for tailoring educational campaigns capable of fostering
informed decisions regarding DS consumption [3,19-22].

Knowledge about DS has already been examined in numerous
research studies worldwide, in multiple populations [3,23-29],
including the general public [30-33]. Most participants were
likely internet users [34]. Although the findings consistently
reported an inadequate knowledge level, a systematic review
could not draw any conclusions regarding knowledge about DS
because of the heterogeneity of the data [35]. Moreover, most
of the reports had multiple methodological limitations: the
sample sizes were fairly low and selected with highly
nonprobabilistic techniques, and the methods applied to examine
knowledge about DS presented modest or vaguely described
validity proofs. Apart from a general nutrition knowledge
questionnaire [36] and similar measures for health care workers
[28,37], no satisfactorily validated tool was available to test
knowledge about DS in the general population until such a test
was developed in 2019 [38]. The questionnaire exhibited
acceptable and well-documented validity and was designed to
screen commonly identifiable beliefs that are important from
the public health perspective. This questionnaire was developed
in the same country and the same language as this research was
performed, thus allowing a valid assessment of knowledge about
DS and its determinants on a large scale.

Objectives
This study aims to evaluate the level of knowledge about DS
and identify its determinants among adult Polish internet users
without medical education. The following research questions
were addressed: (1) what is the level of knowledge about DS
among Polish internet users? (2) what are the characteristics of
the population members who are unknowledgeable about DS?
and (3) how can the level of knowledge about DS be modeled
in this population? These research questions were additionally
addressed to some subpopulations with a high impact on public
health: older people, residents of rural areas, and people with
low earnings.

Methods

Ethical Considerations
The study was approved by the Bioethics Committee of the
Medical University of Lodz, Poland (KE/1382/19, received on
October 15, 2019). Expressing informed consent in an electronic
manner was mandatory to participate in the study. The study
protocol with the data analysis plan was prospectively registered
on November 26, 2019, in the public repository Open Science
Framework (Center for Open Science; Open Science
Framework) [39]. A few changes to the preregistered study
protocol were made after the study commencement, which are
presented and discussed in Multimedia Appendix 1. DOZ.pl
(Pelion), a web-based health service entity, was the research
partner in this study. The only role of DOZ.pl was to prepare
promotional materials (each one approved by the researchers)
to help recruit participants and to enter the survey content
(authored by the researchers with no influence of DOZ.pl) into
an external web-based survey system (see section Research
Instruments). This paper was outlined according to the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines for cross-sectional studies [40] and,
to some extent, the TRIPOD (Transparent Reporting of a
multivariable prediction model for Individual Prognosis Or
Diagnosis) guidelines [41].

Study Design
This was a nationwide cross-sectional study conducted among
Polish internet users. A self-administered survey was accessed
on the web. Each participant was asked to complete the survey
once.

Research Instruments
The survey was created using the Survio web-based survey
system (Survio). It was pretested in a qualitative manner by 5
nonmedically educated people (3 women; mean age 52.0 years,
SD 19.1 years) for readability, understanding, appearance, face
validity, and time to survey completion according to the
procedure described in a study by Hilton [42]. The survey was
modified according to the feedback received to construct the
final version.

The survey comprised 5 consecutive parts:

1. Introduction: the first page provided the volunteers with
basic information about the purpose of the study, the
structure of the survey, the rights of participants, and contact
person data. This page also included a statement of informed
consent, which was to be expressed electronically by ticking
a Start the survey now button.

2. Knowledge about DS: this part included a recently
developed and validated questionnaire on knowledge about
DS in its original Polish language version [38]. The
questionnaire consisted of 17 true-or-false statements; the
respondent received a point for each correct answer with a
maximum of 17 points. The questionnaire was formed of
2 subscales to examine general and specific knowledge.
Knowledge about DS–general assessed “familiarity with
the useful facts concerning the legal status of DS in general”
[38]. It included 7 items related to DS definition, DS quality
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standards, and DS package labeling. Knowledge about
DS–specific assessed “familiarity with common,
scientifically proven and useful facts about popular dietary
supplements” [38]. It included 10 items related to the
efficacy of vitamin C, vitamin D, multivitamin, calcium,
magnesium, and antioxidants and their adverse effects and
oral absorption. The content of each questionnaire item is
presented in Multimedia Appendix 2. The sum of correct
answers in knowledge about DS–general and knowledge
about DS–specific formed knowledge about DS–total, which
operationalized the construct of knowledge about DS.

3. Dietary supplement advertising: this part included a
single-item measure of having contact with DS
advertisements within the past week and a recently
developed and validated questionnaire on trust in advertising
DS in its original Polish version [38]. The tool consisted
of 8 pairs of opposing expressions characterizing DS
advertisements and information conveyed by them to be
assessed on a 5-point semantic differential scale. The
questionnaire was formed from the reliability, intelligibility,
and affect subscales. The sum of scores on the subscales
operationalized the construct of the trust in advertising DS.

4. Beliefs about medicines: this part included the Polish
version [43] of the beliefs about medicines questionnaire
(BMQ) [44]. The tool included in this study involved only
the BMQ-General, as it may be used separately from
BMQ-Specific to assess ideas about medicines in general
among people who may take no medicines [44]. The
BMQ-General consisted of 8 statements for a respondent
to express their opinions using a 5-point Likert scale. The
BMQ-General was composed of 2 separate 4-item subscales
to operationalize the construct of beliefs that medicines are
overused by doctors (BMQ Overuse) and the construct of
beliefs that medicines are harmful, addictive, poisonous,
and should not be taken continuously (BMQ Harm).

5. Other medical and sociodemographic data: this part
included a set of single-item measures of health (4-point
Likert scale), diet and physical activity (5-point semantic
differential scale), use of any DS within the past 30 days
(further called use of DS; 2-point Likert scale), personal
experience of positive (or negative) effect of DS (further
called positive [or negative] effect of DS, for DS users only;
both 2-point Likert scale), interest in DS (5-point semantic
differential scale), sources of getting knowledge about DS
(assessed in 5 categories: medical doctors, pharmacists,
dieticians, friends with no medical education, and media
such as magazines, television, radio, and internet; each of
the categories assessed in 4-point Likert scale), and
conventional cigarette smoking and electronic cigarette use
(both as 3-point Likert scales: never; no, but I smoked/used
in the past; and yes). A measure of self-rated diet used in
this study was found in a pretest study (a convenience
sample of 117 healthy adults from the general population
and medical students) to significantly correlate (Pearson
r=0.48; P<.001) with the Polish version (own translation
with no full validation) of the Starting the Conversation
scale, a brief dietary assessment tool [45]. In the same
pretest study, a measure of self-rated physical activity was
found to significantly correlate with the Polish version of

the International Physical Activity Questionnaire Short
Form [46] (Pearson r=0.49; P<.001). Demographic data in
the survey used in this study included age, sex, educational
level (with 5 options to choose from), having medical
education (no or yes), number of inhabitants in a place of
residence, and monthly net household earnings per family
member (both with 4 options to choose from).

None of the survey questions employed forced answering. In
all semantic differential scales, the central value was set as the
default answer. It was predicted that the survey would take 5
to 10 minutes to complete. After completing the survey,
participants were provided with correct answers to the
knowledge about DS questionnaire with expert comments for
educational purposes. A survey could be completed only once
from a single internet protocol address to avoid duplicate
records.

The detailed characteristics of the survey questions and their
method of operationalization are described in the study protocol
[39]. The questions asked in the survey and its layout are
presented in Polish (original version) and English in Multimedia
Appendix 3.

Participants
The desired sample size was set to 10,000 participants. It was
determined not according to the analysis of statistical power
but based on the estimated ability of DOZ.pl to reach the
audience. A nonprobability convenience sampling technique
was used to recruit internet users. They were accessed through
a web-based health service and a general social networking
website between November 26, 2019, and March 11, 2020.
DOZ.pl was used as the health service, whereas Wykop.pl
(Wykop; modeled after the American Digg service) was the
social networking service. In the 3 months from December 2019
to February 2020, when the study was conducted, DOZ.pl was
the sixth most popular web-based health service and the first
most popular web-based pharmacy in Poland, with a mean of
37.91 million page views and 4.39 million unique users (15.72%
of internet users in Poland) per month. In the same period,
Wykop.pl was the fifth-to-sixth most popular web-based social
networking service in Poland, with 74.31 million page views
and 4.28 million unique users (15.36% of internet users in
Poland) each month [47].

Apart from the refusal of electronic informed consent, there
were no specific exclusion criteria in the study. The survey
could be completed by anybody who reached it on the web;
however, a knowledge of Polish was needed to complete it.

Procedure
Throughout the period during which the study was conducted,
promotional material encouraging participation with a link to
the survey was temporarily placed in a slider on the main
DOZ.pl website and some subpages, DOZ.pl social media
(Facebook), and some other DOZ.pl channels. Moreover, the
invitation to participate was emailed twice to the subscribers of
DOZ.pl newsletter. Similarly, the promotional material with a
link to the survey was posted on the Wykop.pl website to be
entered and promoted by service users.
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Data Analysis
Each survey record was assumed to be completed by a single
respondent. Before performing the analysis, survey data were
cleaned by removing records considered potentially meaningless
[48] (as detailed in Multimedia Appendix 4). The number,
frequency, and pattern of missing values were examined
(Multimedia Appendix 5). Before any further analysis, the
missing values were completed using a multiple imputation by
chained equation procedure under a missing at random
assumption about the unobserved data.

Details of the data analysis are depicted in a preregistered data
analysis plan [39]. Briefly, descriptive statistics were presented,
and participants’ characteristics from the 2 web-based services
were compared using the asymptotic Mann-Whitney U test,
Pearson chi-square test, and general linear models (GLMs).
Then, the associations between all the examined characteristics
of participants and knowledge about DS–general, knowledge
about DS–specific, and knowledge about DS–total were tested.
The associations were examined in raw analyses and with
adjustment for potential confounders (age, following its
transformation; sex; education; the number of inhabitants;
earnings; type of web service through which the survey was
accessed; and calendar year in which a participant completed
the survey). Adjustment for calendar year was performed to
correct for the potential effect of “Broadcasting agreement about
the rules and regulations for advertising dietary supplements,”
which was signed in Poland and became effective on January
01, 2020. Although the Likert and semantic differential scale
data should be perceived as ordinal variables, parametric tests
were used to allow for multivariate modeling with GLM.
Sensitivity analysis of the associations was performed in 2 steps.
First, univariate associations were tested using a corresponding
nonparametric procedure (Spearman rho). Second, all parametric
associations were repeated in a complete case database before
data imputation. The Benjamini and Hochberg procedure was
used to reduce the false discovery rate to 0.05, which was
inflated by testing multiple hypotheses.

The predictive model of knowledge about DS was built using
multivariate linear regression analysis. The selection of
knowledge about DS predictors was based on the following
criteria: first, the characteristics substantially associated with
the knowledge about DS–total were preferred. Second, objective
measures, which reflect the underlying constructs with strong
proof of validity, were favored. Third, a set of predictors with
negligible collinearity was retained. Collinearity was assessed
using explanatory factor analysis and Pearson r correlation
matrix. Data transformation was also considered. The final
model was selected according to the best subset selection
algorithm to promote model simplicity based on the Akaike and
Bayesian information criteria. Its performance was illustrated
with a calibration plot as well as mean absolute error (MAE)

of prediction (the mean difference between predicted and
observed knowledge about DS–total score) and root mean
squared error (RMSE). The final model was internally validated
using a 10-fold cross-validation procedure to correct for
overfitting bias.

P lower than Benjamini-Hochberg corrected significance level
or P<.05 were considered statistically significant. The analyses
were performed using STATISTICA software version 13.3
(Statsoft) and R software version 4.0.0 (package mice version
3.8.0; R Foundation for Statistical Computing).

Results

Database
The survey was displayed 24,400 times and completed 7632
times (7632/24,400, 31.28% of the displayed surveys). A total
of 6273 records (6273/7632, 82.19% of the completed records)
were retained in the final database following the cleaning
procedure, which is detailed in Multimedia Appendix 4. Missing
data comprised 0.38% of the values in the database, and
convincing evidence was found against the pattern of missing
completely at random. Details of the data missingness analysis
are presented in Multimedia Appendices 5 and 6. Participants
completed the survey in a median time of 6 minutes and 25
seconds (first to third quartile: 5 minutes and 9 seconds to 8
minutes and 34 seconds).

Study Participants Characteristics
Following the missing data imputation, out of 6273 study
participants, 3640 (58.03%) were female. The study participants’
mean age was 38.4 years (SD 13.4 years; range 18-90 years).
A total of 64.05% (4018/6273) of participants accessed the
survey through the health service and 35.95% (2255/6273)
through the social networking service.

Substantial differences were found between the participants
from different web-based services. Those from the health
service—according to their reports—were older, mostly women,
living in a smaller place of residence, and a little better educated
but earning less money. Although they reported having worse
overall health, they tended to eat a healthier diet, engage in more
physical activity, and were less likely to smoke cigarettes or
use e-cigarettes. Health service visitors were more negative
about medicines, more likely to use DS, and were more
interested in DS issues. They also declared having more contact
with DS advertisements and trusting them more. Media were
reported to be the major source of knowledge about DS,
irrespective of the type of web-based service used, followed by
pharmacists, medical doctors, friends, and dieticians. Detailed
characteristics of the study participants, with differences
between the participants from 2 web-based services, are
presented in Table 1.
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Table 1. Sociodemographic characteristics, health-related characteristics, and dietary supplement–related characteristics of the study participants. Data
for the total sample and the comparison of participant characteristics from different web-based services are provided.

Differences between the type of web-based serviceTotal sample
(N=6273)

Characteristics

Test statistics and P values for the

comparisona
Social networking ser-
vice users (n=2255)

Health service
users (n=4018)

P valueχ2 (df)Z value

Sociodemographic

<.001N/Ab32.86Age

31.1 (7.2)42.6 (14.3)38.4 (13.4)Values (years), mean (SD)

30 (26-35)40 (31-53)35 (28-46)Values (years), median (Q1-Q3)c

<.0012305.1 (1)N/ASex

408 (18.09)3232 (80.44)3640 (58.03)Female, n (%)

1847 (81.91)786 (19.56)2633 (41.97)Male, n (%)

.002N/A3.05Education

12 (0.53)30 (0.75)42 (0.67)Primary, n (%)

669 (29.67)1205 (29.99)1874 (29.87)Secondary or vocational, n (%)

536 (23.77)686 (17.07)1222 (19.48)Bachelor, n (%)

1003 (44.48)1997 (49.70)3000 (47.82)Master, n (%)

35 (1.55)100 (2.49)135 (2.15)Doctorate, n (%)

<.001N/A−6.87Number of inhabitants

251 (11.13)532 (13.24)783 (12.48)Below 5000, n (%)

385 (17.07)865 (21.53)1250 (19.93)5000-50,000, n (%)

728 (32.28)1377 (34.27)2105 (33.56)50,000-500,000, n (%)

891 (39.51)1244 (30.96)2135 (34.03)Over 500,000, n (%)

<.001N/A−23.67Earnings, PLNd (US $)

72 (3.19)297 (7.39)369 (5.88)Below 1000 (256), n (%)

257 (11.40)1139 (28.35)1396 (22.25)1000-2000 (256-512), n (%)

536 (23.77)1320 (32.85)1856 (29.59)2000-3000 (512-768), n (%)

1390 (61.64)1262 (31.41)2652 (42.28)Over 3000 (768), n (%)

Health-related

Overall health

<.001N/A−9.60Health status

2.71 (0.80)2.52 (0.78)2.59 (0.79)Values, mean (SD)

3 (2-3)3 (2-3)3 (2-3)Values, median (Q1-Q3)

<.001N/A17.73Diet

3.09 (0.98)3.53 (0.85)3.37 (0.92)Values, mean (SD)

3 (2-4)4 (3-4)3 (3-4)Values, median (Q1-Q3)

<.001N/A4.68Physical activity

2.68 (1.16)2.81 (1.05)2.76 (1.10)Values, mean (SD)

3 (2-4)3 (2-4)3 (2-4)Values, median (Q1-Q3)

Nicotine status

<.00165.5 (1)N/A384 (17.03)401 (9.98)785 (12.51)Current cigarette smoker, n (%)
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Differences between the type of web-based serviceTotal sample
(N=6273)

Characteristics

Test statistics and P values for the

comparisona
Social networking ser-
vice users (n=2255)

Health service
users (n=4018)

P valueχ2 (df)Z value

<.00113.3 (1)N/A505 (22.39)746 (18.57)1251 (19.94)Past but not current cigarette
smoker, n (%)

<.001211.6 (1)N/A249 (11.04)94 (2.34)343 (5.47)Current e-cigarette user, n (%)

<.00177.1 (1)N/A160 (7.10)100 (2.49)260 (4.14)Past but not current e-cigarette us-
er, n (%)

Beliefs about medicines

<.001N/A14.98Overuse

12.0 (3.4)13.4 (3.5)12.9 (3.5)Values, mean (SD)

12 (9-15)14 (11-16)13 (10-16)Values, median (Q1-Q3)

<.001N/A15.28Harm

8.6 (8.6)10.0 (3.4)9.5 (3.3)Values, mean (SD)

8 (6-11)10 (7-12)9 (7-12)Values, median (Q1-Q3)

DSe-related

Use

<.001448.7 (1)N/A1304 (57.83)3311 (82.40)4615 (73.57)Use of DSf, n (%)

<.00118.7 (1)N/A832 (63.80)2330 (70.37)3162 (68.52)Positive effectg of DS, n (%)

.410.7 (1)N/A43 (3.30)126 (3.81)169 (3.66)Negative effectg of DS, n (%)

Advertising

<.001103.5 (1)N/A1815 (80.49)3603 (89.67)5418 (86.37)Having contact with DS adver-

tisementsh, n (%)

<.001N/A27.96Trust in DS advertisements

15.0 (4.5)19.2 (5.9)17.7 (5.8)Values, mean (SD)

15 (12-18)19 (15-24)17 (13-22)Values, median (Q1-Q3)

<.001N/A26.45Interest in DS

2.4 (1.1)3.2 (1.0)2.9 (1.1)Values, mean (SD)

2 (1-3)3 (3-4)3 (2-4)Values, median (Q1-Q3)

Getting knowledge from

<.001N/A11.93Medical doctors

0.57 (0.77)0.80 (0.81)0.72 (0.81)Values, mean (SD)

0 (0-1)1 (0-1)1 (0-1)Values, median (Q1-Q3)

<.001N/A18.63Pharmacists

0.62 (0.78)1.02 (0.86)0.88 (0.85)Values, mean (SD)

0 (0-1)1 (0-2)1 (0-1)Values, median (Q1-Q3)

<.001N/A6.77Dieticians

0.38 (0.73)0.51 (0.81)0.47 (0.78)Values, mean (SD)

0 (0-1)0 (0-1)0 (0-1)Values, median (Q1-Q3)

<.001N/A9.98Friends

0.55 (0.69)0.75 (0.78)0.68 (0.76)Values, mean (SD)
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Differences between the type of web-based serviceTotal sample
(N=6273)

Characteristics

Test statistics and P values for the

comparisona
Social networking ser-
vice users (n=2255)

Health service
users (n=4018)

P valueχ2 (df)Z value

0 (0-1)1 (0-1)1 (0-1)Values, median (Q1-Q3)

<.001N/A12.61Media

1.19 (1.06)1.53 (1.00)1.41 (1.04)Values, mean (SD)

1 (0-2)2 (1-2)1 (1-2)Values, median (Q1-Q3)

aAsysmptotic Mann-Whitney U test (Z statistic is provided) or chi-square test (χ2
df is provided); Benjamini-Hochberg corrected significance level:

0.048.
bN/A: not applicable.
cQ1-Q3: 1st to 3rd quartile.
dPLN: Polish złoty. PLN was converted to US $ according to the average exchange rate on the study beginning date (source: Narodowy Bank Polski).
eDS: dietary supplements.
fWithin the past 30 days.
gFrequency calculated in relation to the number of dietary supplements users.
hWithin the past week.

Knowledge About DS
The knowledge about DS of web-based service users could be
assessed as low, being not much better than a random guess,
the success rate of which is 50% for binary questions.
Knowledge about DS–general presented overall better results
than knowledge about DS–specific. Knowledge about DS of
health service users was lower than that of social networking

users in both its subscales, approaching an effect size of 6%, as
expressed by partial eta-squared, in an analysis adjusted for
potential confounders. Details of the knowledge about DS
analysis of web-based service users are presented in Table 2.
The numbers and frequencies of correct answers to each item
of the knowledge about DS questionnaire are presented in
Multimedia Appendix 2.
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Table 2. Knowledge about dietary supplements among web-based health service users and social networking service users.

Differences between the type of web-based serviceTotal sample
(N=6273)

Variable

Test statistics and P values for the
comparison

Effect size of the

differenceb
Social net-
working ser-
vice users
(n=2255),
mean (95%
CI)

Health ser-
vice users
(n=4018),
mean (95%
CI)

Type of anal-

ysisa

P valueF test (df)F test (df)Mean
(95%
CI)

pη2 val-

ue (%)c

95%
CI

Mean

4.4-
4.5

4.4Knowledge about
dietary supple-

ments–Generald

<.001N/Ae595.4
(1,6271)

−1.3
(−1.4 to
−1.2)

8.75.3 (5.2-5.3)4.0 (3.9-4.1)Raw

<.001129.7
(1,6265)

N/A−0.9
(−1.0 to
−0.7)

2.05.0 (4.9-5.1)4.1 (4.1-4.2)Adjusted

4.5-
4.6

4.5Knowledge about
dietary supple-

ments–Specificf

<.001N/A1008.1
(1,6271)

−1.5
(−1.6 to
−1.4)

13.85.5 (5.4-5.6)4.0 (3.9-4.0)Raw

<.001411.9
(1,6265)

N/A−1.4
(−1.5 to
−1.3)

6.25.5 (5.4-5.5)4.0 (4.0-4.1)Adjusted

8.9-
9.1

9.0Knowledge about
dietary supple-

ments–Totalg

<.001N/A1237.9
(1,6271)

−2.8
(−3.0 to
−2.7)

16.510.8 (10.7-
10.9)

8.0 (7.9-8.1)Raw

<.001393.4
(1,6265)

N/A−2.3
(−2.5 to
−2.1)

5.910.5 (10.3-
10.6)

8.2 (8.1-8.3)Adjusted

aRaw analyses: performed only with the variables reported; adjusted analyses: adjusted for |Age−35|, sex, education, number of inhabitants, earnings,
and calendar year—all included as linear factors; estimates in adjusted analyses reported as estimated marginal means.
bReported as a partial eta-squared (pη2) and a difference between knowledge about dietary supplements of health service users and knowledge about
dietary supplements of social networking service users (95% CI).
cpη2: partial eta-squared.
dAn expected result of random guess is 3.5.
eN/A: not applicable.
fAn expected result of random guess is 5.
gAn expected result of random guess is 8.5.

Determinants of Knowledge About DS
As depicted in Table 3, people less knowledgeable about DS
were female, older, had a lower education status, lived in an
area with fewer inhabitants, and earned less money per family
member. Age appeared to be not linearly linked with knowledge
about DS; people around 35 years were the most knowledgeable,
and any increase or decrease in age from this point was linked
to lower knowledge about DS in a nearly linear manner (such

a curvilinear relationship was stable across the type of
web-based service and after adjusting for potential confounders).
Health-related habits were negligibly linked to knowledge about
DS after adjusting for potential confounders. People who
believed medicines were harmful or overprescribed by doctors
had lower levels of knowledge about DS. Using a DS within
the past 30 days was also an indicator of lower knowledge about
DS. Among DS users, DS’s perceived beneficial effect was a
negative modulator of knowledge about DS, whereas the harmful
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effect was a positive modulator. Trust in advertising DS
appeared to be the strongest negative predictor of knowledge
about DS, which was equal in both knowledge about DS
domains. The effect of trust in advertising DS on knowledge
about DS was particularly high among those who had contact
with the respective advertisements. Interestingly, having contact
with DS advertisements, without taking trust in advertising DS
into account, had a somewhat positive effect on knowledge
about DS. Being interested in DS was linked to a lower level
of knowledge about DS. Although reported as the major source
of knowledge about DS for web-based service users, internet
and traditional media were negatively but weakly associated
with knowledge about DS. Instead, the major source of false
information regarding DS was found to be friends with no
medical education. Among health care specialists, pharmacists
appeared to be a misleading source of knowledge about DS.

High compatibility was found between nonparametric and
parametric tests for the sensitivity analysis of the associations
reported in Table 3 (the correlation of Spearman rho with
Pearson r coefficients in univariate analyses was r=0.9985; 95%
CI 0.9976-0.9990, and the median absolute difference between
the corresponding coefficients was 0.004 of a maximum value
of 0.034). Sensitivity analysis performed using GLM methods
in a database of complete cases only (n=5633) was also highly
consistent with the analysis performed in the original database
following missing data imputation (the correlation of
corresponding β regression coefficients was r=0.9991; 95% CI
0.9988-0.9993, and the median absolute difference between the
corresponding coefficients was 0.003 of a maximum value of
0.018).
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Table 3. Association between characteristics of the study participants and their knowledge about dietary supplements. Analyses were performed in the
total sample of 6273 internet users. The results presented in italics are statistically significant at the Benjamini-Hochberg-corrected significance level
of 0.036.

Adjusted analysesbRaw analysesaCharacteristics

Knowledge about
DS–total

Knowledge about
DS–specific

Knowledge about
DS–general

Knowledge about
DS–total

Knowledge about
DS–specific

Knowledge about

DSc–general

P val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

Sociodemographic

<.001−.11
(−.13 to
−.08)

<.001−.12
(−.15 to
−.10)

<.001−.05
(−.08 to
−.03)

<.001−.25
(−.28 to
−.23)

<.001−.26
(−.28 to
−.24)

<.001−.16
(−.18 to
−.13)

Aged

<.001−.14
(−.17 to
−.12)

<.001−.13
(−.16 to
−.11)

<.001−.10
(−.13 to
−.08)

<.001−.26
(−.28 to
−.24)

<.001−.23
(−.26 to
−.21)

<.001−.19
(−.22 to
−.17)

|Age−35|

<.001.06 (.03
to .08)

<.001−.00
(−.03 to
.03)

<.001.09 (.06
to .12)

<.001.27 (.24
to .29)

<.001.22 (.19
to .24)

<.001.22 (.20
to .25)

Sex (0=female and
1=male)

<.001.06 (.03
to .08)

.08−.02
(−.05 to
.00)

<.001.11 (.08
to .13)

<.001.08 (.06
to .11)

.89−.00
(−.03 to
.02)

<.001.13 (.11
to .16)

Education

<.001.06 (.04
to .08)

.002.04 (.01
to .06)

<.001.06 (.03
to .08)

<.001.11 (.09
to .14)

<.001.07 (.05
to .09)

<.001.11 (.09
to .14)

Number of inhabitants

<.001.04 (.02
to .07)

.13.02 (−.01
to .05)

<.001.05 (.02
to .07)

<.001.20 (.18
to .23)

<.001.14 (.12
to .16)

<.001.19 (.16
to .21)

Earnings

Health-related

.22−.01
(−.04 to
.01)

.67.01 (−.02
to .03)

.02−.03
(−.05 to
−.00)

<.001.08 (.06
to .11)

<.001.08 (.05
to .10)

<.001.06 (.03
to .08)

Health status

.53.01 (−.02
to .03)

.96.00 (−.02
to .02)

.36.01 (−.01
to .04)

<.001−.09
(−.12 to
−.07)

<.001−.10
(−.12 to
−.08)

<.001−.06
(−.08 to
−.03)

Diet

.07−.02
(−.04 to
.00)

.54−.01
(−.03 to
.02)

.03−0.03
(−.05 to
−.00)

.05−.04
(−.06 to
−.01)

.01−.03
(−.06 to
−.01)

.03−.03
(−.05 to
−.00)

Physical activity

.01−.03
(−.05 to
−.01)

.08−.02
(−.04 to
.00)

.02−.03
(−.05 to
−.00)

.68.01 (−.02
to .03)

.13.02 (−.01
to .04)

.44−.01
(−.03 to
.02)

Current cigarette smoker

.61.01 (−.02
to .03)

.03−.03
(−.05 to
−.00)

.0060.03 (.01
to .06)

.11.02 (−.00
to .04)

.33−.01
(−.04 to
.01)

<.001.04 (.02
to .07)

Past but not current
cigarette smoker

.37.01 (−.01
to .03)

.74−.00
(−.03 to
.02)

.10.02 (−.00
to .04)

<.001.09 (.06
to .11)

<.001.07 (.04
to .09)

<.001.07 (.05
to .10)

Current e-cigarette user

.26.01 (−.01
to .04)

.310.01
(−.01 to
.03)

.450.01
(−.01 to
.03)

<.001.06 (.04
to .08)

<.001.06 (.03
to .08)

.001.04 (.02
to .07)

Past but not current e-
cigarette user

<.001−.07
(−.09 to
−.05)

<.001−.11
(−.13 to
−.09)

.54−.01
(−.03 to
.02)

<.001−0.16
(−.19 to
−.14)

<.001−.19
(−.21 to
−.16)

<.001−.08
(−.10 to
−.05)

Beliefs that medicines
are overused

<.001−.12
(−.15 to
−.10)

<.001−0.09
(−.11 to
−007)

<.001−.11
(−.13 to
−.09)

<.001−.22
(−.24 to
−.20)

<.001−.17
(−.20 to
−.15)

<.001−.19
(−.21 to
−.16)

Beliefs that medicines
are harmful

DS-related
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Adjusted analysesbRaw analysesaCharacteristics

Knowledge about
DS–total

Knowledge about
DS–specific

Knowledge about
DS–general

Knowledge about
DS–total

Knowledge about
DS–specific

Knowledge about

DSc–general

P val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

<.001−.14
(−.17 to
−.12)

<.001−.21
(−.23 to
−.18)

.005−.03
(−.06 to
−.01)

<.001−.24
(−.26 to
−.22)

<.001−.29
(−.32 to
−.27)

<.001−.11
(−.13 to
−.08)

Use of DS

<.001−.16
(−.18 to
−.13)

<.001−.20
(−.22 to
−.17)

<.001−.06
(−.09 to
−.04)

<.001−.23
(−.26 to
−.21)

<.001−.27
(−.29 to
−.24)

<.001−.12
(−.14 to
−.09)

Positive effect of DS

<.001−.11
(−.14 to
−.08)

<.001−.12
(−.15 to
−.09)

<.001−.06
(−.09 to
−.04)

<.001−.14
(−.17 to
−.11)

<.001−.14
(−.17 to
−.11)

<.001−.09
(−.12 to
−.06)

Positive effect of DS
with adjustment for DS
use

.003.03 (.01
to .06)

.03.03 (.00
to .05)

.01.03 (.01
to .05)

.18.02 (−.01
to .04)

.36.01 (−.01
to .04)

.22.02 (−.01
to .04)

Negative effect of DS

<.001.05 (.02
to .07)

<.001.04 (.02
to .07)

.006.03 (.01
to .06)

<.001.04 (.02
to .07)

<.001.04 (.02
to .07)

.04.03 (.00
to .05)

Negative effect of DS
with adjustment for DS
use

.003.03 (.01
to .06)

.26.01 (−.01
to .04)

<.001.04 (.02
to .07)

.11−.02
(−.05 to
.00)

.004−.04
(−.06 to
−.01)

.88.00 (−.02
to .03)

Having contact with DS
advertisements

<.001−.37
(−.39 to
−.34)

<.001−.29
(−.31 to
−.27)

<.001−.31
(−.33 to
−.28)

<.001−.48
(−.50 to
−.46)

<.001−.39
(−.41 to
−.37)

<.001−.39
(−.41 to
−.37)

Trust in advertising DS

.005−.12
(−.21 to
−.04)

.18−.06
(−.15 to
.03)

.004−.14
(−.23 to
−.04)

.007−.12
(−.21 to
−.03)

.21−.06
(−.16 to
.03)

.004−.14
(−.23 to
−.05)

Having contact with DS
advertisements×trust in

advertising DSe

<.001−.10
(−.13 to
−.08)

<.001−.17
(−.19 to
−.14)

.61−.01
(−.03 to
.02)

<.001−.24
(−.26 to
−.21)

<.001−.28
(−.30 to
−.26)

<.001−.11
(−.13 to
−.08)

Interest in DS

.52.01 (−.02
to .03)

.49.01 (−.02
to .03)

.73.00 (−.02
to .03)

.25−.02
(−.04 to
.01)

.31−.01
(−.04 to
.01)

.38−.01
(−.04 to
.02)

Getting knowledge about

DS from medical doctorsf

.03−.03
(−.05 to
−.00)

.03−.03
(−.05 to
−.00)

.18−.02
(−.05 to
.01)

<.001−.10
(−.13 to
−.07)

<.001−.09
(−.11 to
−.06)

<.001−.08
(−.11 to
−.05)

Getting knowledge about

DS from pharmacistsf

.59−.01
(−.03 to
.02)

.21−.02
(−.04 to
.01)

.74.00 (−.02
to .03)

.84..00 (−.02
to −.03)

.33−.01
(−.04 to
.01)

.23.02 (−.01
to .04)

Getting knowledge about

DS from dieticiansf

<.001−.13
(−.15 to
−.11)

<.001−.13
(−.15 to
−.11)

<.001−.09
(−.11 to
−.06)

<.001−.14
(−.16 to
−.11)

<.001−.14
(−.16 to
−.11)

<.001−.09
(−.12 to
−.07)

Getting knowledge about

DS from friendsf
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Adjusted analysesbRaw analysesaCharacteristics

Knowledge about
DS–total

Knowledge about
DS–specific

Knowledge about
DS–general

Knowledge about
DS–total

Knowledge about
DS–specific

Knowledge about

DSc–general

P val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

P
val-
ue

Value, β
coeffi-
cient
(95% CI)

.003−.03
(−.06 to
−.01)

<.001−.09
(−.12 to
−.07)

.006.03 (.01
to .06)

<.001−.10
(−.13 to
−.08)

<.001−.16
(−.18 to
−.13)

.20−.02
(−.04 to
.01)

Getting knowledge about

DS from mediaf

aPerformed only with the variables reported.
bAdjusted for |Age−35|, sex, education, number of inhabitants, earnings, type of web-based service, and calendar year—all included as linear factors.
cDS: dietary supplement.
dAdjusted analyses do not include |Age−35|; the asociation between Age and Knowledge about dietary supplements seemed to be an inverted-U shape
with a maximum in knowledge for age of about 35 years; consequently, Age was transformed in further analyses to |Age−35| to approximate the
association to linear; the assoction between Age and Trust in advertising dietary supplements similarly looked as a nonlinear U shape with a minimum
of trust for age of about 30 years.
eAdjusted for contact with dietary supplements advertisements and trust in advertising dietary supplements; having contact with dietary supplements
advertisements in this model associated with knowledge about dietary supplements total in adjusted analysis with β of .11 (95% CI .04 to .18), P=.001;
Moreover, trust in advertising DS associated with knowledge about dietary supplements—total in adjusted analysis among those who reported having
contact with dietary supplements advertisements with β of −.38 (95% CI −.41 to −.36), P<.001, and those who did not report having contact with β of
−.24 (95% CI −.31 to −.18), P<.001.
fThe associations of knowledge about dietary supplements with getting knowledge about dietary supplements from a particular source were adjusted
for all other sources of knowledge about dietary supplements.

Prediction Model of Knowledge About DS
The variables selected for knowledge about DS modeling were
trust in advertising DS, BMQ Harm, Age (following
transformation to |Age−35|), Sex, and Getting knowledge about
DS from friends. The model explained 31.2% of the variance
in knowledge about DS. The predictors in the model were
intercorrelated to a low extent, with a median absolute
correlation coefficient of 0.114 and a maximum of 0.214 for
trust in advertising DS and sex. The assumption of a linear
contribution of predictors to the model was satisfactory. The
model characteristics are listed in Table 4. According to this
model, knowledge about DS can be predicted using the
following formula:

Knowledge about DS = 19.397539 − 0.412775 × Trust
in advertising DS − 0.23657 × BMQ Harm −
0.113879 × |Age − 35| + 1.850937 × Sex − 0.691575
× Getting knowledge about DS from friends

In the formula, Trust in advertising DS represents trust in
advertising DS operationalized with the questionnaire on trust
in advertising DS, ranging from 8 to 40; BMQ Harm represents
BMQ operationalized with the BMQ questionnaire, subscale
Harm, ranging from 4 to 20; |Age−35| is the absolute value of
the difference between age (years) and 35; Sex was
operationalized as 0 for females and 1 for males; and Getting
knowledge about DSfrom friends represents a self-reported
declaration on the extent of getting knowledge about DS from
friends with no medical education (operationalized as 0 for not
at all, 1 for to little extent, 2 for to medium extent, and 3 for to
large extent).

Table 4. Characteristics of a model to describe knowledge about dietary supplements. The total sample of 6273 internet users was included. Test

statistics, P value and coefficient of determination of a full model are F(5,6267)=568.2; P<.001; R2=0.312, respectively.

P valueF test (df)Effect sizePredictor

pη2 (%)a95% CIβ coefficient

<.001123.4 (1,6267)16.4−.41 to −.37−.39Trust in advertising DSb

<.001143.1 (1,6267)2.2−.15 to −.11−.13Beliefs that medicines are harmful

<.001251.2 (1,6267)3.9−.19 to −.15−.17|Age−35|

<.001187.7 (1,6267)2.9.13 to .17.15Sex (0=female and 1=male)

<.00162.0 (1,6267)1.0−.11 to −.06−.08Getting knowledge about DS from friends

apη2: partial eta-squared.
bDS: dietary supplement.
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The model could predict knowledge about DS with an MAE of
2.52 and an RMSE of 3.19 points (median 2.09, 1st to 3rd
quartile 1.00-3.60). Although this performance was far from
ideal, it was significantly better than a random guess based
solely on knowledge about DS distribution that yielded MAE
of 3.82 and RMSE of 4.76 points (median 3.23, 1st to 3rd
quartile 1.59-5.49). Results of the model internal validation
indicated that predictions of a bias-corrected model almost
overlapped the original model with MAE of 2.51 and RMSE
of 3.17 points (median 2.09, 1st to 3rd quartile 1.00-3.58), and
the correlation between knowledge about DS values predicted
by the original model and the bias-corrected one was very close
(r=0.99986; 95% CI 0.99985-0.99986). Extreme values
predicted by the bias-corrected model did not exceed an upper
limit of 17 points; however, a lower limit was below zero due
to the Age component not being restricted (36, ie, 0.57% of
observations were below zero, with a minimum of −5.76). The
model could predict relatively well the knowledge about DS
values around its central value of 8.99 but exhibited worse
performance with extreme knowledge about DS values, which
was reflected by the deviation of a calibration plot from linearity.
A calibration plot of the model is shown in Figure 1.

The 5 predictors could model not only knowledge about
DS–total but also knowledge about DS–general and knowledge
about DS–specific separately, with each of the predictors making
a significant contribution to modeling both constructs, reaching
determination coefficients of 20.4% and 22.0%, respectively.
Importantly, although the model did not include as a predictor
the type of web-based service through which a study participant
accessed the survey, the model could predict (though
overestimate) that the health service users had lower knowledge
about DS than the users of the social networking service (7.6,
95% CI 7.5-7.7 vs 11.5, 95% CI 11.4-11.6, respectively; P<.001;
a bias-corrected model). Moreover, the knowledge about DS
score predicted by the bias-corrected model was found to be
associated with the other participant characteristics examined
in this study in a similar pattern as the associations of the
observed knowledge about DS scores. The link between both
associations, as expressed by Pearson r, was 0.95 (95% CI
0.91-0.97); the median absolute difference between the
corresponding β coefficients was 0.03 (1st to 3rd quartile
0.01-0.09), and the maximum absolute difference was 0.38.
Associations between knowledge about DS, predicted with the
biased-corrected model and characteristics of the study
participants, are reported in Multimedia Appendix 7.

Figure 1. Calibration plot of the model to describe knowledge about dietary supplements. Black lines represent lowess (locally weighted scatterplot
smoothing) fitted curves with a smoothing parameter of 0.25. The solid black line denotes the original (apparent) model, whereas the dotted black
resulted from cross-validation (bias-corrected). The gray diagonal line represents hypothetical ideal prediction. Gray-filled circles depict individual data
points predicted by the bias-corrected model. The circles are partially transparent; thus, the intensity of gray shadings reflects the density of points in
an area.

Knowledge About DS in Selected Subpopulations
Knowledge about DS was determined in some subpopulations
thought to be critical to public health: older people aged 60
years or more, residents of rural areas (below 5000 inhabitants),
and people with low earnings (below 1000 PLN [US $256] of
monthly net household earnings per family member). All these
subpopulations were found to have lower knowledge about DS
than the remaining internet users. However, after adjusting for
potential confounders, the effect persisted only for the older
people and, to some extent, rural residents. For people with low

earnings, the effect shrank to insignificant, as explained by
confounders. The analysis of knowledge about DS in
subpopulations is presented in Table 5. The proposed 5-predictor
model to describe knowledge about DS worked well for rural
residents and people with low earnings: all the predictors
significantly contributed to prediction and presented a similar
prediction error to other people. On the other hand, knowledge
about DS among older people was not efficiently predicted by
the 5-predictor model, with only trust in advertising DS and
Age contributing significantly. The model performance
according to subpopulations is presented in Table 5.
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Table 5. Knowledge about dietary supplements and the model performance in subpopulations.

SubpopulationType of analysis or model characteris-
tics

People with low earningsa (<1000 PLNb

[US $256]; n=369)

Rural residents (<5000 inhabitants;
n=783)

Older people (≥60 years;
n=695)

Difference in knowledge about DSc–total between a subpopulation and the remaining internet users

Raw differenced

−1.0−0.5−2.1Values, mean

−1.3 to −0.6−0.8 to −0.3−2.4 to −1.895% CI

<.001<.001<.001P value

Adjusted differencee

−0.2−0.3−1.1Values, mean

−0.5 to 0.1−0.5 to −0.0−1.3 to −0.995% CI

.18.02<.001P value

Performance of the proposed 5-predictor model in a subpopulation

Predictors evaluation

Trust in advertising DS

−.37−.44−.34Values, β coefficient

−.46 to −.28−.50 to −.38−.42 to −.2795% CI

<.001<.001<.001P value

Beliefs that medicines are harmful

−.15−.18−.06Values, β coefficient

−.24 to −.06−.24 to −.12−.13 to .0195% CI

.002<.001.08P value

|Age−35|

−.20−.13−.10Values, β coefficient

−.29 to −.11−.19 to −.08−.18 to −.0395% CI

<.001<.001<.001P value

Sex (0=female and 1=male)

.13.11.01Values, β coefficient

.04 to .22.05 to .17−.06 to .0895% CI

.005.001.76P value

Getting knowledge about DS from friends

−.14−.07−.04Values, β coefficient

−.23 to −.05−.12 to −.01−.11 to −.0395% CI

.002.03.31P value

Other indices

Full model statistics

N/AN/Af2.4 (5,689)F test (df)

N/A8.2 (5,777)N/AF test (df)

28.1 (5,363)N/AN/AF test (df)

<.001<.001<.001P value

0.2790.3400.129R-squared
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SubpopulationType of analysis or model characteris-
tics

People with low earningsa (<1000 PLNb

[US $256]; n=369)

Rural residents (<5000 inhabitants;
n=783)

Older people (≥60 years;
n=695)

2.522.512.96MAEg,h

3.253.173.70RMSEg,i

aMonthly net household earnings per family member.
bPLN: Polish złoty. PLN was converted to US$ according to the average exchange rate on the study beginning date (source: Narodowy Bank Polski).
cDS: dietary supplements.
dPerformed only with the variables reported.
eAdjusted for |Age-35|, sex, education, number of inhabitants, earnings, type of web-based service, calendar year—all expressed as linear factors—with
the exclusion of a variable differentiating a subpopulation.
fN/A: not applicable.
gAssessed in a biased-corrected model.
hMAE: mean absolute error of prediction.
iRMSE: root mean squared error.

Discussion

Principal Findings
There is an ongoing debate over DS [49,50]. Recently, in
Poland, several influential high-quality reports suggested
unsatisfactory control over the DS market, resulting in
inadequate safety [21,22,51]. These reports highlight the need
for adequate public education to make informed decisions
regarding DS intake [21,22]. This study fits into this discourse
by examining knowledge about DS among Polish internet users.
The results indicate the level of knowledge to be low and not
much different from the previous preliminary report, which
used the same research tool [38]. Several characteristics were
found to be associated with knowledge about DS, with trust in
advertising DS being the most influential; this study outlines a
predictive model that could explain almost a third of the variance
in knowledge about DS.

Although the results indicate the level of knowledge to be low,
such a pessimistic diagnosis appears incomplete. A low level
of knowledge about DS is not only derived from the
unavailability of knowledge or ignorance; it should be
interpreted rather as holding a false belief [52] that DS are
thoroughly controlled, well tested, effective, and harmless or
an expression of the overall confidence in DS properties, as
outlined by the other authors [3,25,53]. A qualitative study
aimed at exploring beliefs about DS and their use confirmed
such interpretation as it identified that beliefs about DS people
hold are largely related to their definition, effectiveness in health
enhancement and illness prevention, and risks [54], which are
the areas covered by the knowledge about DS questionnaire
used in this study.

Our results indicate that the users of a web-based health service
presented false beliefs about DS to a greater extent than the
users of a web-based social networking service. This can be
explained in at least three ways. First, health services may attract
people who believe DS are effective and safe, as confidence in
a product coexists with seeking information about it [55].
Second, web-based health services may not be efficient in

promoting evidence-based facts regarding DS, which is obscured
by advertising [56]. Third, social networking services users may
be influenced to a strong degree by the nature of this
environment [57] and may hence not fully engage with the
survey and provide biased responses.

In general, people with low knowledge about DS presented such
characteristics as interest in the topic of DS, tendency to seek
information about them and eagerness to know more, use of
DS, and subjective experience of their positive effects without
negative effects. The literature on the relationship between DS
intake and knowledge about DS appears confusing, with some
of the studies reporting positive links [30] and others negative
links [38]. However, this is only an apparent discrepancy, as
the result depends on the method used. DS users seem to present
high subjective awareness and confidence in DS [25], which
are, in fact, objectively false beliefs [33]. The major reason why
subjective and objective knowledge are not in line was outlined
by the Dunning-Kruger effect [58], stating that unknowledgeable
people tend to overestimate their ability [53]. However, the
reason why some people do not achieve high scores in objective
knowledge about DS, despite the efforts made, should be sought
in the quality of information sources they use to learn about DS.
Popular beliefs about DS are in conflict with evidence-based
facts. Media coverage, particularly DS advertisements, often
reinforces popular beliefs rather than providing facts [10-15].
For example, Wierzejska [59], while analyzing the Polish DS
market, found that most DS advertisements promise beneficial
effects to the human body, going beyond the standards
established for food. Trusting such messages may contribute to
the accumulation of false beliefs regarding DS.

trust in advertising DS was found to be the strongest among the
examined predictors of knowledge about DS and was expressed
in a negative way. trust in advertising DS was particularly
negatively linked with knowledge about DS among those who
reported having contact with DS advertisements recently;
however, it could associate with knowledge about DS even
among those who did not. Interestingly, having contact with
DS advertisements itself, irrespective of trust in advertising DS,
was weakly associated with knowledge about DS, but in a
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positive way. Developing trust, particularly in its cognitive
form, is a long-lasting process that requires deeper commitment
than just having a contact [60,61]. The DS consumer who trusts
advertisements is dependent on a message and therefore exposed
to a significant risk [62] of being misinformed by DS
advertisements, which spread unverified and misleading claims
regarding health benefits of DS [59]. On the other hand, having
contact with DS advertisements appears incapable of deceiving
consumers. Moreover, being chronically exposed to DS
advertisements may result in the opposite effect of advertising
fatigue [63], leading to advertising distrust, which may, in turn,
promote prudence and true beliefs regarding DS.

Causal relationship between knowledge about DS and trust in
advertising DS is not evident, although possible [38]. The idea
of gaining false beliefs about DS in response to high trust in
advertising DS is particularly attractive to opponents of
advertising. This is to some extent supported by our findings,
as people reporting to get information about DS from media
presented lower knowledge about DS. On the other hand, the
idea of trust in advertising DS being shaped as a result of
holding false beliefs about DS appears similarly likely and may
reflect the natural phenomenon of gaining confidence in
messages that appear to be true [55].

This study found the media (magazines, television, radio, and
the internet) to be the primary source of information about DS
to internet users. This is not surprising regarding the nature of
the population studied and is in line with some [4,31], but not
all [28], previous studies. The top rank of media may be
regarded as undermining the unwavering position of health care
specialists in providing health-related information [3,64,65].
Considering that web-based resources about DS leave much to
be desired [10-15] and are full of deceitful DS advertisements,
one could suspect that using the internet as a source of
information about DS blurs the knowledge about DS to a large
degree. Strikingly, the link presents merely a small effect size,
and for knowledge about DS–general, the association was even
positive. Although some popular internet resources about DS
suggest their therapeutic benefits (possibly contributing to lower
knowledge about DS–specific), they present the true
characteristics of the products, quoting the definition or
introducing the regulatory framework (possibly contributing to
an increase in knowledge about DS–general) [66-68]. Similarly,
the association of interest in DS and use of DS was found to be
negative only with knowledge about DS–specific but not (or
almost not) with knowledge about DS–general. Finally,
accessing web-based DS information should not be perceived
as a source of criticism. Quite the opposite, it offers new
opportunities to improve the patient-physician relationship and,
in turn, verify and reinforce true beliefs about DS [69].

Concerns should be raised about the negative link between
knowledge about DS and getting information about DS from
friends with no medical education. Word-of-mouth advertising
was suggested to be efficient in spreading ideas long ago [70].
It is considered more credible than a commercial and may be
successfully applied to informal promotions of health-related
products [71]. As internet users report experiencing positive,
much more frequently than negative, DS effects (according to
our results) and word-of-mouth is likely to transmit

subjective—yet unproven—information, it may strengthen false
beliefs about DS.

Among health care practitioners, only obtaining information
about DS from pharmacists was associated with lower
knowledge about DS. Although the effect size was very small,
it may mean that pharmacist advice contributed to strengthening
false beliefs about DS. This is particularly worrying, as
pharmacists were reported as the second most important source
of information about DS and the first personal one. Concerns
related to the ethics of DS being sold in pharmacies have already
been raised, and a conflict between dispensing and counseling
on DS has been identified [72]. Yet this is the role of
pharmacists to educate patients about these products [73].

Our results indicate a negative association between knowledge
about DS and both subscales of the BMQ-General, implying a
link between confidence in DS and overall negative views about
medicines. This association reflects an existing conflict between
alternative and conventional medicine [74,75]. This confirms
previous findings that individuals who advocate alternative
medicine distrust or are dissatisfied with conventional care
[76-78]. Our results support the need for reconciliation and
integration of both attitudes for the sake of patients [74,75].

Some sociodemographic determinants of knowledge about DS
were identified in this study. Women exhibited lower knowledge
about DS than men. However, the result was not replicated by
other knowledge about DS studies, which found insignificant
[23,25,38] or inconsistent [28] differences between sexes. The
effect size of the difference in this study, although very small
following adjustment for confounders, was significant. It could
partially reflect the overall tendency for women to use DS more
than men [1,6,28,79] or hold more positive attitudes toward
advertising [80], associated with more confidence in DS and
lower objective knowledge about DS, as discussed above. A
detailed consideration of the reasons why women are apparently
more willing to use DS is presented elsewhere [5]. This study
also found that people who are generally better educated, living
in larger places of residence, or having more money for living
presented higher knowledge about DS, particularly in its general
domain. A previous preliminary study using the same knowledge
about DS measuring tool also reported such findings for the
overall education status [38]. Better educated people tend to
rely less on advertising [81,82], which is a factor linked to better
knowledge about DS. This finding may support our results.

Age presented the most complicated pattern of a relationship
with knowledge about DS, with its peak observed in people
around 35 years. There is a scarcity of literature linking age to
knowledge about DS. In the only study that could be mentioned,
knowledge about DS was tested in the general population of
young adults with a mean age of 25 years and an SD of 5 years.
A subgroup of participants aged >31 years was able to provide
the definition of supplementation (objective knowledge about
DS) in a greater percentage in comparison with younger
participants. Moreover, there was a trend for younger
participants to express higher levels of subjective, possibly false
knowledge [33]. Although the cited study is in line with this
study concerning young adults, it did not include older people.
Studies examining DS intake across various age groups
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suggested that older people used more DS [31,83], possibly
having more false-positive beliefs about DS, or no significant
difference was found [26,30]. It is not surprising that there is
no clear replication of these results in the literature, as the
knowledge about DS–age pattern revealed is not linear and
would require an explorative research approach and a large
sample size. Obtaining such results was not possible until this
study was performed. Research on advertising attitudes may
help to explain this phenomenon. Consumers aged 40 years or
more were found to have a more positive attitude toward
advertisements [81]. Older adults were also more likely to be
persuaded by advertising messages [84]. In another study, a
more favorable attitude was expressed by younger people aged
less than 30 years [85]. None of these studies found a curvilinear
relationship between age and susceptibility to advertising;
however, their synthesis may approximate such an association.
Interestingly, in this study, trust in advertising DS, which is a
similar construct to the one considered above, also achieved its
minimum in young adults around 30 years old and increased in
both younger and older people. As trust in advertising DS is
closely associated with knowledge about DS, it may contribute
to the explanation of this phenomenon. On the other hand, not
all the reports replicate the above findings [80], and such
interpretation should not be regarded as straightforward.

In the culminating part of this study, a predictive model of
knowledge about DS was built using a multivariate linear
regression strategy. The model was able to explain almost
one-third of the knowledge about DS variability and included
5 predictors. Although the choice of the predictors was based
to some extent on statistical significance, the most objective
characteristics outlined a priori in the study protocol [39] were
reflected in the final model, which makes it partially based on
subject matter knowledge as generally advised [86]. The
proposed model was simple enough not to be prone to
overfitting, as tested by the internal validation procedure, and
versatile enough to predict differences between the 2 web-based
services tested and forecast most of the associations tested. The
model worked well in subpopulations of rural citizens and
people of low income, but worse in older people, whose beliefs
related to DS require special attention [26]. This is likely the
model will predict the outcome not much worse in an external
validation study and in practice. It also has the potential for
electronic application. Although the model still made significant
mistakes, leaving more than two-thirds of knowledge about DS
variance unallocated, it may help scientists recognize further
paths of research: health care workers identify people
endangered with illusory beliefs about DS, and educators tailor
campaigns to the public to induce behavioral change [20,87,88].

The issue of generalizability requires some debate before any
conclusions are drawn. First, a convenience sample of internet
users from a restricted number of services may present a barrier
to these findings’ generalizability to the entire web-based
community. Health and social networking services presented
extreme demographics, likely covering the scope of internet
users in general. Considering the relatively large number of
possibly not overlapping users of both services [47], this study
could capture a broad range of internet users in Poland. Labeling
the sample as representative, however, should be avoided.

Similarly, the sample should not be regarded as reflecting the
overall Polish population. Although most young people access
the internet, more than three-fourths of Poles aged 65 years or
more remain offline [89], and the group may represent different
attitudes toward DS [26].

Apart from generalizability issues, this study has some
limitations that warrant mention while interpreting the results.
First, the results come from self-reported declarative data, which
may be shifted according to the social desirability bias theory
[90]. Such results may only approximate the true beliefs and
behaviors of study participants and require cautious
interpretation [91]. Second, the study did not include external
validation of the findings, particularly the predictive model of
knowledge about DS. External validation is essential before
implementing the model in practice [92]. Third, although
single-item measures have the potential to accurately reflect the
construct assessed [93], some of the measures in this study were
not rigorously validated, although they were used in the same
form elsewhere [25]. Fourth, the study did not examine other
potential knowledge about DS predictors such as general
medical knowledge [94], experience with particular DS products,
or personality traits. The survey did not include these variables
to keep it short and to minimize the burden of responding [95].
This study, however, substantially reduced possible bias through
prospective registration of the study protocol, using some valid
research instruments, reporting data transparently, and
performing sensitivity analyses.

This report requires further testing to establish the results’
external validity among different groups of internet users to
account for their diversity. Further investigation into the
mechanisms explaining the relationships between the analyzed
constructs is needed; this should be supplemented with more
qualitative research to confirm the obtained results and reveal
a deeper understanding of the problem. Finally, this and any
follow-up studies should aim to develop and implement an
effective strategy for public education regarding DS, ideally in
a web-based form, to ensure rational use of the products for the
public’s greatest benefit.

Conclusions
Internet users in Poland with no medical education, particularly
those attending a health service, exhibit some false beliefs
regarding the quality requirements, efficacy, and safety of DS.
Holding such false beliefs is positively associated with trusting
DS advertising; their intake, particularly when positive effects
are subjectively experienced; being interested in the issues of
DS; getting information about them through word-of-mouth;
beliefs that medicines are harmful or overused; and some
demographic characteristics. The proposed 5-predictor model
to forecast knowledge about DS can explain almost a third of
its variability and appears resistant to overfitting. The results
call for implementing efficient education about DS, including
the promotion of advertising literacy, to correct consumers’
attitudes toward DS. The results also underline the need to
introduce more conservative regulatory frameworks for DS
marketing. Further research is needed for external validation of
the results and to obtain a more comprehensive understanding
of the revealed phenomena.
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DS: dietary supplement
GLM: general linear model
MAE: mean absolute error
RMSE: root mean squared error
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