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The moderating role of perceived
health risks on the acceptance of
genetically modified food

Inna Cabelkova*, Petra Sanova, Martin Hlavacek, David Broz,
Lubos Smutka and Petr Prochazka

Czech University of Life Sciences Prague, Prague, Czechia

The public perspective on genetically modified foods (GMFs) has been intensely
debated and scrutinized. Often, discussions surrounding GMF tend to revolve
solely around the potential health risks associated with their consumption.
However, it is essential to acknowledge that public perceptions of genetically
modified foods are multifaceted, encompassing environmental concerns, ethical
considerations, and economic implications. This paper studies the factors
predicting GMF acceptance employing the representative sample of the Czech
population (N =884, aged 18-90years, M+SD: 48.17+17.72; 5340% women,
18.04% with higher education). The research relies on the Behavioral Change
Model and the Health Belief Model. We employ hierarchical ordinal regressions to
study the effects of information, environmental concerns, perceived health risks,
food habits, purchasing habits, and socio-demographics on GMF acceptance.
The results suggest that the (un)willingness to purchase GMF is primarily driven
by the health risks - the environmental concerns were largely unimportant. The
impact of information provision on GMF acceptance proved positive, suggesting
information and education to be the main channels of creating public acceptance.
The intrinsic interest regarding information related to GMF had an adverse impact
on the perception of GMF morality. The benefits of the GMF proved unrelated
to the GMF acceptance, indicating the gap in the information campaign. The
research provides valuable insights for policymakers, public health professionals,
and market researchers to communicate the GMF agenda effectively to the
general public.

KEYWORDS

environment, food, genetically modified food, health, nutritional profile, perceptions,
policy, proteins

1 Introduction

Hunger, malnutrition, and the increase in population are currently the most urgent
concerns. Presently, more than 820 million individuals lack access to sufficient food. In 2018,
one out of every nine people on Earth faced malnutrition (1).

Genetically modified crops are suggested to offer an important contribution to address food
shortages. They exhibit enhanced resistance to pests and diseases, as highlighted by research (2,
3). Furthermore, these crops can be genetically engineered to yield higher production and hold
the promise of improved nutritional profiles, such as increased protein content (4, 5). They are
also characterized by lower production costs (6, 7), greater adaptability to climate change (8, 9),
and the potential to reduce food waste due to their extended shelf life (10-12). Additionally,
these crops may offer enhanced taste and texture (10-12).
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However, both the public and governments in Europa exhibit
hesitance in embracing genetically modified foods (GMF). This
reluctance is grounded in various factors, including concerns about
potential health risks (13), apprehensions regarding environmental
and biodiversity impacts (14), and ethical, moral, and religious
considerations (15-17). Interestingly, this resistance persists despite
the consensus among risk assessors and academics based on a plethora
of risk assessment studies that GMFs are as safe for human and animal
health as conventional crops (18). It's noteworthy that the media often
present a mixed view on GMF safety, where campaigns opposing
GMFs frequently counter campaigns in support of them.

This paper aims to assess the power of environmental concerns,
health risks, and information in predicting public acceptance of GME
employing the representative sample of the Czech population (N=884).
The statistical model is constructed according to the principles of the
Behavioral Change Model and the Health Belief Model. Methodologically,
we rely on hierarchical ordinal regression analysis to assess predictors of
willingness to buy GME, taste GME and the perceived morality of
GME We also perform principal component analysis to reduce the
dimensionality of the indicators of environmental concern.

The paper is structured as follows. The first section discusses the
main points of public discussion on GME The following sections are
devoted to brief descriptions of Behavioral Change and Health Belief
models. These models are employed to build the statistical model.
Then, we describe the data, methods, and results. The final section
provides the discussion and concludes.

2 The public discourse on GMF

Public discussions on genetically modified foods (GMFs) have
been characterized by diverse and often conflicting opinions (19, 20).
While some individuals and interest groups embrace GMFs as a
potential solution to address global food security challenges, others
express concerns about their possible health and environmental risks.
Ethical considerations, corporate control of the food system, labeling
requirements, and potential economic implications have also been
central themes in public discussions on GMFs.

The type and purpose of modification stand out as the pivotal
factors shaping attitudes toward various biotechnological methods
(21, 22). As an illustration, a study on willingness-to-pay involving 713
participants (23) and 843 consumers (24) revealed the following
preference order: (i) Organic; (ii) Cis- or transgenic with
environmental benefits (pesticide-free crop cultivation); (iii)
Conventional; (iv) Cisgenic; (v) Transgenic.

2.1 The health risks

Concerns regarding health risks have been a subject of scrutiny
since the inception of genetically modified foods (GMFs) in the
market (25-27). Among the foremost health-related apprehensions
associated with GM foods, two significant areas are frequently
highlighted: toxicity and allergenicity (13). To illustrate, shortly after
the introduction of transgenic corn to the market, there were several
instances of consumers reporting food allergy symptoms, such as
headaches, diarrhea, nausea, and vomiting, which were attributed to
the consumption of products containing GM corn (28, 29).
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Another significant worry pertains to the potential alteration of our
human DNA by recombinant DNA present in GM foods. This is
envisaged to occur through the introduction of foreign genes into the
human genome or cumulative modifications in our metabolic processes
due to changes in dietary intake. However, the occurrence of horizontal
gene transfer (HGT) across all organisms, is significantly lower in
magnitude compared to gene transfer through sexual or asexual
reproduction (30). Despite over two decades of widespread consumption
of GM foods, there has been no substantiated instance of gene insertion
into humans attributed to the consumption of GM foods (31).

2.2 Effects on environment

GMOs can have a range of potential effects on the environment.
These include reduced biodiversity, outcrossing of genetically
modified plants to non-modified or wild-relatives, disruption of
natural ecosystems by the widespread introduction of GMOs, and
reduced effectiveness of certain pest deterrents. Additionally, risks
may be associated with the unintended transfer of genes between
species that could lead to unpredictable effects on the environment
and food webs (14). On the other hand, the positive effects of GM
crops include the decreased use of herbicides, pesticides, and other
chemicals for food production.

2.3 The ethical and moral aspects of GMF

Additional criticisms of genetically modified foods (GMF) revolve
around moral and ethical considerations (15, 17, 32). From the ethical
perspective genetically modified food (GMO) can be considered as
ethically problematic due to its departure from the natural order of
food production (16). GMO typically entails the modification of plant
DNA to enhance its nutritional value or make it more resistant to
diseases, pests, or environmental challenges. This manipulation of the
natural food production process can be considered as a violation of
fundamental principles of nature.

Moreover, concerns persist regarding potential long-term health
risks stemming from the consumption of genetically modified foods
and the unintended environmental consequences resulting from
cross-pollination. Hence, many people regard genetically modified
food as ethically questionable. Consequently, the challenge of gaining
broad acceptance for GM foods stems not only from ethical principles
but also from biological concerns associated with the complexities of
the processes involved (7, 32).

In certain cultures, religious beliefs wield significant influence in
determining what is deemed suitable for human consumption. Within
these cultural contexts, genetically modified foods might clash with
religious doctrines, thereby reducing their acceptance among the
general population (33, 34). Many individuals who hold strong
religious beliefs also express reservations about GMOs because they
perceive these technologies as interfering with natural processes and
disrupting the delicate balance of nature. There is apprehension that
genetic manipulation may be inherently unpredictable or
uncontrollable, while others view it as a form of “playing God,”
supplanting a role that should solely belong to the divine.

Even among those who do not reject genetically modified foods
based on religious convictions, some may abstain due to a deep
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reverence for the natural world or concerns about potential uncharted
risks associated with their consumption. As GMOs continue to gain
wider commercial use, discussions that intertwine ethics and belief are
bound to become increasingly intertwined, influencing decisions that
impact public policy and consumer choices.

2.4 The impact of information

While certain studies indicate that cultivating and manufacturing
modified products can lead to reduced production expenses (6, 7), a
substantial number of consumers opt for pricier non-GM alternatives
based on principles rather than functional considerations. This aligns
with the earlier noted limited public acceptance of GM foods, where
consumers with high subjective knowledge but limited objective
understanding exhibit the highest willingness to pay for non-GMO
foods (35).

A substantial portion of the population is not well-informed about
the scientific evidence that either supports or questions the use of GM
technologies. The conflicting viewpoints presented by proponents and
opponents of genetically modified foods (GMF) in media debates and
the deliberate actions against GMF led by non-governmental
organizations (NGOs) have contributed to a pervasive state of public
uncertainty (36). Additionally, social networks disseminate
information about the adverse effects of GMFs that may not always
be rooted in scientific findings, further exacerbating this confusion
(37). Interestingly, even individuals with limited knowledge about
GMOs have the capacity to shape their children’s perceptions of
GMOs (38).

Numerous research studies (39-41) have empirically established
a direct connection between knowledge and attitudes, indicating that
there is a direct and positive correlation between increasing familiarity
with GM technologies and growing support for GM applications (42).
Therefore, initiatives aimed at raising awareness can foster an
informed public and a more objective assessment of the associated
risks and benefits.

Nonetheless, it is important to recognize that the influence of
knowledge is moderated by perceptions of the ethical implications of
genetic modification rather than by political or religious affiliations
(43). Some studies have cast doubt on the direct association between
scientific knowledge and attitudes, revealing that the link between
science-based information on GMF and the formation of accurate
public perceptions is often weak and, in certain cases, non-existent
(44). Public acceptance can also be influenced by government
regulatory policies and laws concerning the cultivation and sale of
genetically modified products, as individuals who disagree with such
policies may protest against these products, even if they are not
directly involved.

2.5 The role of the state

To alleviate the perceived risks mentioned above, it is possible to
partially address them by fostering trust in regulatory bodies,
scientists, industry, and by building public confidence in government
and corporations (45-47). Nevertheless, a significant portion of the
population remains skeptical about large corporations that dominate
the production of genetically modified foods, perceiving their
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motivations as primarily profit-driven rather than driven by safety or
health benefits. Companies like Monsanto, often cited as emblematic
of the industry’s supposed shortcomings (48, 49), are frequently
mentioned in this context.

This skepticism can lead to doubts regarding the safety of
genetically modified foods. As a result, consumers commonly express
concerns about potential changes in food quality, unequal competition
between GMO and non-GMO suppliers, biopiracy, and related
issues (27).

2.6 The aim of the paper and hypotheses

Following the public discussion above, this paper aims to assess
the role of health risks, environmental concerns, and information in
predicting the public acceptance of GME Central hypotheses are
formulated as follows:

HI. GMF acceptance is predicted by environmental concerns.

H2. GMF acceptance is negatively predicted by perceived
health risks.

H3. GMF acceptance is predicted by the availability of relevant
information and interest in the subject.

3 Materials and methods

3.1 The health belief model and behavioral
change model

The Health Belief Model presents four major constructs that
govern people’s behavior related to health outcomes: perceived
susceptibility, perceived severity, perceived benefits, and perceived
barriers (50). The impact of these constructs on health-related action
is then modified by socio-economic conditions (such as age, gender,
education, personality, and standard of living) and knowledge of the
subject. In our case, the perceived susceptibility and severity are
approximated by the current state of health and the beliefs on the
impact of GMF on health. The benefits are related to the importance
of various aspects of food purchasing and consumption, such as
price, ingredients, frequency of food purchasing, the importance of
self-catering, etc. (see the indicators presented in the next sections).
We suggest that the introduction of GMF lowers the price (51), and
properties of GMF may make food consumption easier (for example,
through longer shelf life and easier storage, which will lower the
need for frequent food purchasing (52)). The effects of information
are then controlled by the indicators of information on GME Socio-
economic and personality effects are approximated by age, gender,
education, town size, standard of living, life satisfaction, and
belief in God.

The behavioral change model presents a more general idea of the
factors impacting behavioral outcomes. Here, the behavior is predicted
by knowledge, awareness and attitudes, and socio-demographics (53,
54). In our case, the possible environmental outcomes of GMF
production and environmental concerns. We combine both
approaches to construct the following model:
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3.2 The method

We apply hierarchical ordinal regression analysis to test the
hypotheses presented in Graph 1. The hierarchical part of ordinal
regression analysis included two steps. First, we tested the model
with all the explanatory variables according to formula (1).

ag + a3 Information +

ay_g Health +

a_12 Environment + 1)
ay3—17 Food Purchasing +

ajg_n0 Food habits +

ar1-27 Socio — demographics + e

GMF Attitudes = Logit

In the second stage, we excluded the group of variables related to
health effects and computed ordinal regression according to the
following formula (2):

ag + a3 Information +
ag_12 Environment +
GMF Attitudes = Logit | aj3-17 Food Purchasing + (2)
ayg—o0 Food habits +
ap1-27 Socio — demographics + e

Where

GMF Attitudes - Would buy food with a GM ingredient, Would taste
approved GME Genetically modifying crops are morally unacceptable.

Information - Have heard about genetically modified crops,
Interested in GME, Have enough information about GME

Health - Own state of health, Consuming GMF is safe, The health
effects of GMF are sufficiently researched, Consuming GMF can
change human DNA, GMF can endanger human health.

Environment - the importance of the impact of food production
on the environment, reduces waste, saves resources to protect the
environment, recycles.

10.3389/fpubh.2023.1275287

Food Purchasing — the importance of origin, package material,
price, ingredients, and package size.

Food habits - Food consumption is important, Frequency of food
purchasing, Number of meals per day.

Socio-demographics - Gender, Age, Education, Town size,
Household standard of living, Life satisfaction, Belief in God.

The description of the variables above is presented in the
section Indicators.

We compared the pseudo-R-square of both models and inferred
the moderation effects of the excluded variables.

3.3 The data

The data were collected in July 2021 in a survey entitled Food
2021 (18) conducted by the Czech Institute of Sociology. A total of
884 respondents representing the population of the Czech Republic
(aged 18-90years, M+ SD: 48.17£17.72; 53.40% women, 18.04%
with higher education) answered the questions in the questionnaire
voluntarily and anonymously under the supervision of 139
experienced interviewers (combination of PAPI (68%) and CAPI
(32%) interviews). As the quality of the filled-out questionnaires was
considered very good, all the questionnaires were included in the
data sample. All participants were Czech native speakers living in the
Czech Republic. Respondents were selected by quota sampling.
Quota features were Region (NUTS 3), size of place of residence,
gender, age, and education. The data sample is representative of the
Czech Republic. The data were kindly provided by the Czech Social
Science Data Archive (55).

3.4 Indicators
3.4.1 GMF acceptance

The GMF acceptance is studied in three aspects — the willingness
to purchase GME the willingness to try GME and the moral

GMF attitudes

e Willingness to purchase GMF

(H1.1)

e Willingness to taste GMF
(H2.1)

e Perceived morality of GMF
(H3.1)

GRAPH 1
The model and hypotheses (Hj.i).

Are impacted

|h¥IHI i‘

Impacting factors

e Health risks (Hj.1-4)

e Health state (Hj.5)

e Environmental concerns
(Hj.6-9)

e Information about
GMF(Hj.10-12)

e Food characteristics are
important when
purchasing (Hj.13-17)

e Food habits (Hj.18-20)

e Socio-economic
characteristics

e Life satisfaction

e Beliefin God.
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acceptability of GME The relevant questions in the questionnaire were
formulated as follows:

“To what extent do you agree or disagree with the
following statements?

o If you discovered that you had a food item in your shopping cart
containing an ingredient from genetically modified crops,
you would still buy it.

o Genetically modifying crops is morally unacceptable.

o If you had the chance, would you taste an approved and verified
food from genetically modified crops?” (18)

Table 1 shows that the fear of the population of GMF is
rather mild - 62% of the respondents are willing to
taste GMF. However, the willingness to buy is rather small - only
35% of the respondents would buy GMFE The biggest
ambiguity concerned the perceived moral acceptance of the GMF
- 52% of the respondents did not have an opinion or
were undecided.

3.4.2 Information about GMF

Information is essential for opinion creation. In this study,
we employ indicators for the availability and sufficiency of this
information, and we also control the level of interest in the topics. The
indicators, the scales, and the distribution of the respondents are
presented in Table 2.

The respondents who answered “do not know” were excluded
from further analysis.

3.4.3 Perceived GMF effects on health

The literature suggests that the perceived effects on health are one
of the most important informational problems affecting legislation
and public use of GME. Table 3 summarizes the indicators used in
this paper.

TABLE 1 Indicators of attitudes for GMF.

10.3389/fpubh.2023.1275287

3.4.4 Environmental concerns

The first indicator of environmental concerns studied the
subjective level of importance of the impact of food production on the
environment (definitely important, 11.10% of the respondents; rather
important, 37.30%; rather unimportant, 30.0%; definitely
unimportant, 11.00%; and no opinion 3.70%).

Next, we mapped environmental concerns by the frequency of
engaging in environmentally friendly behavior (Table 4).

To reduce the dimensionality of the model, we applied the
Principal Component Analysis (PCA) to the indicators presented in
Table 4 and used the regression-based factor scores in further analysis.
The results of PCA are reported in the Data transformation section.
Three components were extracted: the tendency to reduce and sort
waste, save resources, and for recycling.

3.4.5 The importance of food characteristics
when purchasing

Consumers consider a number of characteristics when purchasing
their food to various extents. They take into account the ingredients,
package material and size, origin, and, obviously, the price (Table 5).
We hypothesize that these factors are also important predictors of
attitudes to GME

3.4.6 The importance of food and food habits
The indicators of the subjective importance of food and food
habits are presented in Table 6.

3.4.7 Socio-economic characteristics of the
respondents and other

We control for gender, age, and education (age 18-90years,
M+£SD: 48.17 +£17.72; 53.40% women, 18.04% with higher education),
subjective town size (from a big city to small village), the household
standard of living (very good, 13,12%; rather good, 45.5%; neither
good nor bad, 33.9%; rather bad, 6.4%; very bad, 0.9%), life satisfaction

Question Definitely agree Rather Undecided Rather Definitely \[e)
agree disagree disagree opinion
Would buy food with a GM ingredient 8.3 27.1 21.3 16.1 10.7 16.6
Definitely yes Rather yes Rather no Definitely no No opinion
Would taste approved GMF 10.9 13.5 30.4 15.4 7.5 223
GMFs are morally unacceptable 3.1 10.9 25.7 60.4

The distribution of the respondents (%).

Given the relatively high number of people with no opinion about the perception questions, we added these people to the group of people “undecided” where possible (this is category 3 on the

5-point Likert scale).

TABLE 2 Indicators of GMF information.

Have heard about Yes, but does Yes, and roughly Yes, and knows well what it
GMF not know what knows what it involves
it refers to involves
27.7 31.9 334 6.8
Definitely yes Rather yes Rather no No Does not know

Interested in GMF

33 12.7 329 48.4 2.6
Have enough information Definitely enough Rather enough Rather not enough Definitely not enough Does not know
about GMF 3.1 14.1 325 40.8 9.4
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(very satisfied 20.8%; rather satisfied, 50%; neither satisfied nor
dissatisfied, 21.3%; rather dissatisfied, 5.7%; very dissatisfied 1.2%),
and belief in God (69.9% non-believers).

3.5 Data transformations and treatment of
missing values

As the level of information on GMF is still low, some questions
exhibited high numbers of respondents with no opinions. As stated
in the previous chapters, we joined the respondents with No opinion
with the group Undecided. This data transformation forms one of
the limitations of the study. In case there was no option “undecided,”
the
further analysis.

respondents with No opinion were excluded from

3.5.1 Data transformations. Environmental
concern. The principal component analysis

In order to reduce the dimensionality of the model, we applied the
Principal Component analysis to the set of variables representing the
respondents’ actions to protect the environment (Indicators of

TABLE 3 Indicators of perceived GMF effects on health.

10.3389/fpubh.2023.1275287

environmental concerns, Table 4). An Eigenvalue of 1 or higher
determined factor extraction and all variables were extracted as
expected. The Bartlett test of sphericity with a Chi-Square value of
1716.968 (p<0.001) and Kaiser-Meyer-Olkin Measure of sampling
adequacy was equal to 0.852 (>0.8) suggests that the data are suitable
to identify factor dimensions. The two factors extracted cumulatively
explain 54.095% of the total variance. The rotated component matrix
is presented in Table 7.

The regression-based factor scores for all three components were
saved as variables and used for further analysis.

4 Results and discussion

4.1 Results

The results of the first stage of hierarchical ordinal regression
analyses are presented in Table 8 below (formula 1), and the second
stage in Table 9 (formula 2).

The bulleted results of Table 8 are presented in Appendix Al in
Supplementary material. Here, we will summarize the findings.

Own state of Very good Average Very bad
health, assessment
20.00 42.30 29.30 7.50 0.90
Definitely agree Rather agree Undecided Rather disagree Definitely disagree No opinion
Consuming GMF is safe
4.30 18.40 26.80 16.20 8.90 25.10

The health effects of GMF Definitely agree Rather agree Undecided Rather disagree Definitely disagree No opinion
are sufficiently researched. 5.90 22.50 21.60 15.50 7.90 26.50
Consuming GMF can Definitely yes Rather yes Rather no Definitely no No opinion
change human DNA 5.40 15.70 21.20 21.40 36.20
GMEF can endanger human Definitely yes Rather yes Rather no Definitely no No opinion
health 10.30 24.70 24.40 7.00 33.60

The distribution of the respondents (%).

The respondents with no opinion were joined with the group Undecided for further analysis.

TABLE 4 Indicators of environmental concerns.
How often does the respondent Never Rarely Sometimes Often Always No opinion
Use own reusable shopping bag 5.50 8.00 16.20 24.20 44.60 1.40
Use reusable bags for purchasing fruits and vegetables 41.30 13.90 17.30 12.90 10.70 3.70
Use reusable bottles for drinks 33.30 11.80 22.90 17.80 13.10 1.10
Use environmentally friendly detergents 17.90 18.60 28.70 17.90 6.20 10.60
Prefer purchasing Czech-made foods 7.70 11.80 31.40 32.80 13.10 3.10
Pack the food into reusable boxes 28.80 17.20 21.00 20.20 10.40 2.10
Avoid single-use plastic products 13.70 15.40 23.80 25.10 19.70 2.30
Limit car trips to protect the environment 40.20 23.40 17.80 9.60 4.20 4.50
Save energy and water to protect the environment 17.40 19.00 27.80 22.40 11.80 1.50
Sort waste 4.60 6.80 15.80 30.90 41.10 0.70
Compost 45.10 6.40 13.10 14.90 18.70 1.60

The distribution of the respondents (%).

N=727. The respondents with No opinion were excluded from further analysis.
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Table 8 suggests that the health risks significantly impact GMF
attitudes. The indicators of perceived health risks negatively predicted
the willingness to try and purchase GMF and the perceived morality
of GME. The indicators of health risk were unrelated to checking
GMO content at the purchase stage.

Environmental concerns and practices were unrelated to the
willingness to try or purchase GME, the knowledge of real GMO
content in the food he eats, and the perceived morality of GMF (see
Appendix Al in Supplementary material).

The role of information showed positive - the level of personal
knowledge of GMF and the persuasion that GMF is sufficiently
investigated positively predicted willingness to purchase GMF; the

TABLE 5 Indicators of the importance of food characteristics when
purchasing.

Mean Std. deviation

Origin 3.1 1.479
Package material 4.89 1.298
Price 222 1.438
Ingredients 278 1.412
Package size 3.48 1.472

N=799, Min=1 (very important), Max =6 (least important).

TABLE 6 Indicators of the importance of food and food habits.

10.3389/fpubh.2023.1275287

level of personal knowledge of GMF was associated with higher moral
acceptability of GME. On the other hand, the interest in GMF
negatively predicted the perceived morality of GME

Contrary to the idea that the respondents might appreciate the
benefits of GMF in terms of lower price or higher shelf life (the latter
enabling them to shop less often), these variables did not appear
significant in the abovementioned analysis. Surprisingly, the results
suggest that the more important the packaging, the more he considers
GM food immoral.

Socio-demographic, economic, psychological, and religious
characteristics were not significantly related to GMF attitudes, with
two exceptions: town size and life satisfaction are positively related to
the willingness to try GME

In order to test the predictive (and moderating) power of
the perceived health effects of GMF as opposed to other
variables, we conducted the second stage of the ordinal regression
analyses, where all the variables representing the health effects
were excluded from the analysis. The results are presented in
Table 9.

The results suggest that excluding the variables representing
the health effects of the GMF led to significant changes in the
predictive power of the models for willingness to purchase
GMF. While the original Pseudo R2 ranged from 24 to 51%
(depending on the indicator of pseudo R2) and the original

Food Definitely Rather Rather Definitely
consumption important important unimportant unimportant
important
43.30 43.00 9.80 3.40
Frequency of food Less than 1x per
Daily Several times a week 1x a week 1x per 14 days No answer
purchasing 14 days
9.80 50.80 23.50 5.50 3.50 6.70
Number of meals per day One meal Two meals Three meals Four meals Five meals More than five
0.10 8.50 39.90 30.70 16.40 4.10

The distribution of the respondents (%).

TABLE 7 The rotated component matrix for components describing indicators of environmental concern.

Question: Component

How often does the respondent 1 2 3
Sort waste 0.765 0.059 0.179
Use own reusable shopping bag 0.623 0.138 0.055
Reduce waste Prefer purchasing Czech-made foods 0.614 0.326 0.125
Limit car trips to protect the environment —0.062 0.842 0.113
Saving resources to Save energy and water to protect the environment 0.394 0.637 0.136
protect the Avoid single-use plastic products 0.457 0.545 0.101
environment Use environmentally friendly detergents 0.410 0.523 0.227
Use own reusable bottle for drinks 0.018 0.127 0.796
Pack the food into reusable boxes 0.177 0.155 0.760
Compost 0.421 —0.078 0.500
Recycling Use reusable bags for purchasing fruits and vegetables 0.105 0.367 0.495
% of variance explained 34.25 10.593 9.252

Extraction method: principal component analysis. Rotation method: varimax with Kaiser Normalization.
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TABLE 8 Factors predicting GMF consumption.

Purchase GMF Try GMF GMF
immoral

Estimate ig. Estimate Sig. Estimate
Threshold=1 —-1.925 0.201 1.488 0.337 —0.732 0.633
Threshold =2 1.05 0.483 4.371% 0.005 0.673 0.66
Threshold =3 3.268%* 0.03 5.8207%** <0.001 3.785% 0.014
Threshold =4 5.198%%#% <0.001 5.589%#% <0.001
Information about GMF
Heard of GMF —0.249* 0.031 —0.199 0.097 0.266* 0.025
Interested in GMF —0.206 0.095 0.081 0.523 0.284* 0.024
Enough Info about GMF 0.038 0.643 0.099 0.24 0.033 0.691
GMEF effects on health
State of own Health —0.135 0.272 —0.143 0.268 —0.047 0.708
GMEF is safe 1.078%%%* <0.001 0.778%%* <0.001 —0.753%%% <0.001
The effects of GMF on health are scientifically investigated 0.610%%* <0.001 0.17 0.124 —0.233% 0.033
Consuming GMF can change DNA —0.254%* 0.001 —0.154 0.055 0.346%** <0.001
GMEF can endanger his health —0.457%%% <0.001 —0.316%** <0.001 0.563%%* <0.001

Environmental concerns

Effect of food production on environment important —-0.202 0.083 —0.260* 0.033 0.099 0.405
Reduce Waste (component1) 0.038 0.695 —0.293%* 0.005 —0.133 0.182
Save resources (component 2) —0.035 0.691 0.06 0.525 —0.048 0.598
Recycling (component 3) 0.084 0.337 0.072 0.424 0.055 0.532

Aspects of food important when purchasing

Origin 0.028 0.724 0.036 0.664 0.087 0.29
Packaging —0.137 0.067 —0.089 0.253 0.173%* 0.024
Price —0.024 0.746 0.06 0.43 0.052 0.487
Ingredients 0.075 0.379 0.028 0.751 0.121 0.166
Package size 0.095 0.208 0.071 0.361 0.012 0.874
Food habits

Number of meals per day —-0.023 0.784 0.103 0.245 -0.1 0.245
Importance of self-catering 0.042 0.727 0.189 0.136 —0.134 0.27
Frequency of food purchasing 0.107 0.269 —0.084 0.414 0.097 0.323

Socio-demographics

Gender 0.304 0.071 0.05 0.779 —0.01 0.955
Age 0.008 0.133 0.006 0.3 —0.002 0.785
Education 0.133 0.161 0.036 0.71 —0.04 0.676
Town size 0.002 0.97 0.187%* 0.001 —0.044 0.432
Household standard of living —0.056 0.65 0.047 0.714 0.09 0.473
Life satisfaction —0.064 0.617 0.274* 0.044 —0.18 0.171
Non believer in God 0.063 0.733 0.322 0.102 —0.179 0.345

Model fitting information, Sig.

Sig. <0.001 <0.001 <0.001

N 625 586 622

Pseudo R-Square

Cox and Snell 0.51 0.323 0.394
Nagelkerke 0.538 0.352 0.422
McFadden 0.242 0.156 0.185

Results of ordinal regression analysis (formula 1).
Link function: Logit. ***significant on 0.1% level. **significant on 1% level, *significant on 5% level. Components 1, 2, 3 denote the three components of PCA presented in Table 7.
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TABLE 9 Factors predicting attitudes to GMF.

10.3389/fpubh.2023.1275287

Purchase GMF Try GMF GMF immoral

Estimate Estimate Estimate Sig.
Threshold=1 —2.515 0.059 0.335 0.811 —1.012 0.489
Threshold =2 —0.492 0.711 2.665 0.059 0.327 0.823
Threshold =3 0.984 0.459 3.841%* 0.007 2.191 0.135
Threshold =4 2.223 0.095 3.376* 0.023
Information about GMF
Heard of GMF —0.082 0.443 —0.106 0.354 —0.637+%* <0.001
Interested in GMF —0.029 0.801 0.158 0.19 —0.116 0.361
Enough Info about GMF 0.053 0.483 0.088 0.278 —0.001 0.99
Environmental concerns
Effect on environment important —-0.071 0.516 —0.214 0.065 —0.061 0.608
Reduce Waste (component 1) —0.031 0.731 —0.305%* 0.002 —0.515%:#* <0.001
Save Resources (component 2) 0.012 0.885 0.056 0.531 0.175 0.055
Recycling (component 3) 0.121 0.133 0.081 0.344 0.209* 0.021
Importance when purchasing
Origin —0.081 0.283 —0.036 0.653 0.183% 0.027
Packaging —-0.09 0.203 —0.086 0.254 —0.118 0.122
Price —0.014 0.837 0.067 0.356 —0.131 0.096
Ingredients 0.028 0.725 0.019 0.824 0.034 0.702
Package size 0.025 0.722 0.047 0.529 0.152 0.053
Food habits
Number of meals per day 0.022 0.78 0.099 0.247 —0.012 0.889
Importance of self-catering 0.026 0.814 0.121 0.318 0.043 0.726
Frequency of food purchasing 0.159 0.08 —0.02 0.838 —0.056 0.574
Socio-demographics
Gender (men) —0.059 0.709 —0.186 0.273 —0.033 0.849
Age 0.01 0.059 0.007 0.195 0.012% 0.036
Education 0.143 0.108 0.053 0.571 0.042 0.669
Town size 0.002 0.969 0.176%* 0.002 —0.001 0.981
Household standard of living —0.028 0.81 —0.002 0.986 —0.078 0.544
State of own Health —0.066 0.566 —0.068 0.581 0.088 0.488
Life satisfaction 0.012 0.919 —0.143 0.438 —0.154 0.254
Non believer in God —0.401 0.02 0.291% 0.025 0.375 0.054
Model fitting information
Sig. 0.222 <0.001 <0.001
N 624 588 626
Pseudo R-Square
Cox and Snell 0.043 0.09 0.192
Nagelkerke 0.046 0.098 0.212
McFadden 0.015 0.038 0.091

Results of ordinal regression analysis without health risks (Formula 2).
Link function: Logit. ***significant on 0.1% level. **significant on 1% level, *significant on 5% level. Components 1, 2, 3 denote the three components of PCA presented in Table 7.

models were statistically significant at 0.1% level, the exclusion of  in the case of willingness to purchase. Thus, the results indicate
health variables led to a reduction of Pseudo R2 to the level of  that health effects can be considered the most powerful predictors
1-5% and to the loss of statistical significance of the whole model  of the willingness to purchase GMF.
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The effect of the exclusion of health variables on the other two
regressions was less pronounced as the regressions stayed statistically
significant on 0.1% level. However, the variability explained by the
model as measured by Pseudo R2 decreased considerably.

The moderating effect of the health risks manifested itself only in
the case of one information variable (heard of GMF) when the
association before exclusion was positive (more information about
GMEF positively predicted the perception that GMF is immoral), while
after the same association proved to be negative. In addition, some
environmental concerns got statistical significance after the exclusion
of health effects.

4.2 Discussion

The findings presented above underscore several crucial points.
Firstly, the absence of statistical significance regarding price and food
habits suggests that consumers may not yet be fully aware of the
potential benefits of GME. This is comprehensible given that GMF is
subject to extensive regulations in many countries, making consumers
believe, that the GMF is controversial and diverting their attention
from its cost-effectiveness. While the broader public discourse
frequently emphasizes GMF’s potential to address global food security,
its individual contributions to enhancing consumers’ lifestyles in
developed nations are less conspicuous.

On a more positive note, the impact of information on the
willingness to try and purchase GMF is affirmatively supported. This
implies that information dissemination plays a pivotal role in boosting
public acceptance of GME. The significance of credible, scientifically-
backed communication and education from authoritative sources
cannot be overstated (42, 56, 57). Consequently, these communication
and educational strategies should be a focal point when devising
public education initiatives (58).

Its also worth considering that these communication and
education strategies should target address individuals who are notably
interested in GMF but perceive them as morally objectionable (the
association between interest in GMF and the perceived immorality of
GMEF is confirmed as positive). The role of opinion polarization on
social networks needs further exploration in this context, as it’s
plausible that heightened interest in the topic leads these individuals
to join discussion groups that view GMF as ethically problematic. The
availability of information on GMO is intrinsically related to precise
labeling, as the labels themselves may provide up-to-date information
on GMO products. The detailed labeling and trust in the European
approval processes proved to be significant predictors of the public
attitude to GMO (45-47, 57).

Notably, health-related concerns played a more significant role in
the willingness to purchase GMF as opposed to the willingness to try
them. Concerns about the perceived lack of safety of GMF and the
assumed health risks associated with them had a negative impact on
both the willingness to purchase and the willingness to try these
products. However, the notion that consuming GMF could result in
alterations to human DNA and the perception of limited scientific
knowledge about GMF had a negative influence on the willingness to
purchase but did not significantly affect the willingness to try GME

It is quite concerning that as much as one-fifth of the sample
believes that consuming GMF can lead to changes in human DNA. If
we include respondents with no opinion, this percentage increases to
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56%. These individuals collectively constitute a receptive audience for
various forms of misinformation that can originate from sources in
both social and traditional media. Similarly, the perception that the
health effects of GMF are insufficiently researched is largely speculative
and is likely being promoted in the mass media (59).

The ethical and moral aspects of GMF are often deliberated
through a religious lens (33, 34). Nonetheless, in our specific case,
perceived morality did not exhibit any association with the belief in
God. It could be inferred that in the context of the Czech Republic, the
ethical dimension is more closely related to potential environmental
and health impacts of GMF (as seen in research such as (28, 29)) and
the overall intricacies of the biological processes involved (similar to
the findings of (7, 32)).

5 Conclusion

Genetically modified foods (GMF) represent a potential solution
to the growing global food demand, offering a way to feed the
increasing world population. However, concerns persist about the
environmental and health implications of GMFE, prompting the need
for further research. Governments and the general public remain
cautious about widespread adoption of GMEF, which limits the
realization of their full potential benefits.

This paper studied the impacts of perceived health risks of GMF,
environmental concerns, and information about GMF on the GMF
acceptance represented three indicators: willingness to try and taste
GMF and the perceived morality of GMFE We also studied the
importance of possible positive effects of the GME, such as lower price
or larger shelf life. The research was guided by the Behavioral Change
Model (BCM) and the Health Belief Model (HBM) to understand the
factors that shape acceptance of GME We employed the representative
data of the Czech population (N =884, aged 18-90years, M+ SD:
48.17 +£17.72; 53.40% women, 18.04% with higher education) to test
the model and hypotheses. Expectedly, the health risks proved to be the
most important predictor of the willingness to purchase GME The
impact of health risks on willingness to try was less pronounced. The
environmental risks of GME, as related to the environmental concerns
and actions of the population, were largely unimportant.

The impact of information proved positive, suggesting
information and education to be the main channel of creating public
acceptance. The information campaign needs to explain not only the
benefits of GMF on a worldwide scale but also the benefits to the
particular consumer in terms of lower prices. According to the Health
Belief Model, this may partially compensate for the GMF risks. The
opinion polarization present primarily (but not only) on social
networks also needs to be considered, as our results suggest that the
interest in GMF predicts the perceived immorality of GMFE. We suggest
that interested individuals might share these opinions in the online
and offline discussion forums.

The findings above reaffirmed the Czech Republic’s consistent
positive public perception of genetically modified food (GMF) over
time, aligning it with countries like Spain, Portugal, and Malta (refer
to Daye et al. (60). In the Czech Republic, there was a notable
willingness to taste GMEF, with 62% of respondents expressing their
readiness to do so. Moral concerns were relatively low, as only 15% of
respondents considered GMF immoral. Hence, it is cautiously
suggested that the results presented in this paper may be applicable to
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other European countries with similarly favorable perceptions of
GME specifically Spain, Portugal, and Malta. However, the
applicability of the findings is contingent upon the type of genetic
modification, as public perception proved to be highly sensitive to this
factor (60).

These results underscore the significance of incorporating health
risks into the assessment of individuals’ willingness to embrace GME,
underlining the necessity for tailored communication strategies that
can effectively tackle health-related apprehensions. This research
yields valuable insights for policymakers, public health experts, and
market researchers to efficiently convey the advantages of GMF while
mitigating concerns tied to health, thus boosting its acceptance
among consumers.
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