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Introduction: Food preferences are influenced by various factors, such as culture, 
age, and gender. The relationship between food tastes, meal preferences, and 
eating habits has been studied extensively in recent years; however, research 
on gender differences in these fields still needs to be addressed. The aim of this 
study was to investigate gender differences in food preferences and eating habits 
through self-administered questionnaires in a large Italian population sample.

Methods: The online survey included questions on food tastes, meal preferences, 
eating habits, and sport involvement.

Results: The results of the study underline significant gender-specific dietary 
tendencies among the 2198 participants (1314 females and 884 males, average 
age 41.1  ±  12.7 yrs). The majority of subjects were in the annual income 
range between €20,000 and €40,000. Our analysis reveals significant gender 
differences in dietary preferences and eating habits. Men prefer red and processed 
meat, with significantly higher consumption rates than women. Women, on the 
other hand, show a greater inclination towards vegetables, whole grains, tofu, 
and high-cocoa-content dark chocolate, aligning with healthier food choices. 
The study also found differences in eating behaviors, including the frequency 
of meals, snacking habits, and hunger patterns: women tend to eat more 
frequently and report higher levels of hunger in the morning, while men tend 
to skip snacks. Furthermore, differences extend to eating contexts, such as the 
speed of eating, eating out, and eating alone, with men more likely to eat quickly 
and dine out. Episodes of uncontrolled eating without hunger also differ, with 
women reporting these behaviors more frequently than men. In addition, the 
analysis of sports preferences showed distinct patterns, with a lower percentage 
of women playing sports and those who do play sports preferring endurance 
and strength training, while men prefer strength training and endurance sports.

Discussion: These findings elucidate the complex interplay of biological, cultural, 
and gender-based factors in shaping dietary preferences and eating behaviors. 
In particular, our study reveals that gender dynamics significantly influence food 
choice and eating habits: women tend to choose healthier foods and eat regular 
meals, while men show preferences for specific tastes and meal-related behaviors. 
This analysis underscores the nuanced differences between male and female 
dietary patterns, influenced not only by inherent biological factors such as genetics 
and hormonal responses but also by societal norms and cultural contexts. Taken 
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together, our results highlight the importance of integrating different perspectives, 
thus providing valuable insights into the development of public health strategies 
and tailored nutrition interventions aimed at chronic disease prevention.

KEYWORDS

food preferences, dietary patterns, public health, training, eating habits, eating 
behaviors

1 Introduction

In recent decades, extensive research in human physiology has 
revealed gender diversity in various hormonal pathways and medical 
parameters, as well as in dietary preferences (1). Throughout human 
history, women have been responsible for procreation in a nutrient-
poor environment. For this reason, they have probably been subjected 
to greater evolutionary pressure than men (2). Gender differences in 
terms of food reward circuitry have been found with specific neural 
responses to sensory stimuli, as well as to hormonal signals and 
cognitive biases (3). Accordingly, in different functional neuroimaging 
studies, women exhibited increased activation in the frontal, limbic, 
and striatal areas of the brain, in response to various food stimuli. The 
existence of gender-specific neural correlates of food stimuli may 
contribute to women’s greater vulnerability to obesity and disordered 
eating (4).

Understanding the differences in taste and eating habits between 
men and women is essential in order to develop personalized 
nutritional strategies and improve the prevention of cardiometabolic 
diseases. Previous studies have shown that men and women tend to 
prefer divergent tastes and consume different types of food. Women 
usually show higher consumption of fruits and vegetables, increased 
dietary fiber intake, and lower fat intake, aligning with overall 
healthier food choices, thus demonstrating greater motivation for 
weight control (5, 6).

On the other hand, less healthy food choices among men may 
be linked to poorer nutritional knowledge. Moreover, men and women 
display different attitudes towards hedonic eating. Interestingly, a 
greater tendency to choose high-calorie food has been demonstrated 
in men upon neural activity stimulation, compared to women, 
suggesting a different and gender-related neuro-cognitive reward 
pattern (5, 7). Accordingly, clinical studies have consistently highlighted 
differences between men and women in various aspects of eating 
behaviors and nutritional choices. Women tend to show greater dietary 
restraint, hunger traits, disinhibition, eating disorder-related behaviors, 
depression, and stress compared to men. Additionally, women often 
express higher appeal and familiarity with low-calorie foods (8). This 
inclination towards healthier food choices is further evident in the 
dietary preferences of young adults, where women’s selections align 
more closely with principles of healthy eating, including increased 
consumption of fruits, vegetables, and products with lower energy 
values (6). Nevertheless, the mechanisms underlying these different 
behaviors are still unclear. We should not overlook the fact that the 
impact of food marketing also varies across genders, with boys’ 
preferences being more influenced by advertising (9).

Men show a preference for high-fat, strongly flavored meals, often 
driven by the pleasure of consumption. These preferences are reflected 

in men’s behaviors, such as eating sweets in front of the TV and 
frequenting fast food outlets (10, 11).

This study specifically aims to elucidate the differences underlying 
gender-related eating behaviors and preferences, providing insights 
essential for developing personalized nutritional strategies. Moreover, 
this study aims to explore the relationship between dietary choices and 
sports engagement, examining how these aspects interact differently 
across genders, thereby influencing overall health and wellness.

2 Materials and methods

2.1 Subjects

The study encompassed a demographically diverse group of 
participants recruited from an obesity center in Rome, Italy. The 
inclusion criteria were defined as follows: participants were required to 
be patients aged over 20 years, capable of completing an online survey in 
Italian before their initial visit and willing to provide written informed 
consent. The study deliberately included a wide age range to capture a 
comprehensive perspective on dietary patterns across different age 
groups. Participants were required to complete an online survey in 
Italian before their initial visit and provided written informed consent 
for participation. Additional data collected included information on 
smoking habits and yearly income. The study’s procedures, including the 
consent form, were approved by the IRCCS San Raffaele ethics 
committee, under the registration number RP  23/13, ensuring 
compliance with the ethical standards of the Declaration of Helsinki and 
its amendments. Patient enrollment for the study started in May 2023, 
and by October 2023, a total of 2,388 surveys were registered.

2.2 Survey

Participants were asked to complete a questionnaire prior to the 
first visit. Subjects then responded to a test via any electronic device 
with Internet access, which took approximately 30 min to complete. 
By accessing the link, participants were given the option to consent or 
not to be involved in the study. The online survey was structured and 
self-administered. We did not perform a formal validation test, but the 
survey was comparable to other validated food taste questionnaires 
(12). All responses were registered anonymously. The questionnaire 
was divided into four parts and has already been used in our previous 
work (13). The first part of the test assessed the number of daily meals 
(including main meals and snacks), when one was hungriest during 
the day, the presence of binge eating or cravings and the quality of 
sleep. Patients were asked if they skip meals, if they eat distractedly 
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(e.g., not sitting at the table), and if they eat quickly. Sleep quality was 
also assessed and, in the case of sleep disturbances, whether there was 
a complaint of falling asleep, early awakening or sleep interruptions. 
In the subsequent section of the questionnaire, participants’ 
preferences towards specific foods were investigated through the 
question, “Do you like the following foods?” with response options of 
“I like it,” “I do not like it,” and “I do not know.” This inquiry aimed to 
discern participants’ taste preferences for a range of foods, including 
cow’s milk, vegetable-based alternatives such as soya milk, low-fat and 
low-sugar yoghurt, fresh cheese, various meat types, processed meats 
such as ham, fish, eggs, legumes, cooked and raw vegetables, fruits, 
different grains such as spelt and barley, foods containing wholemeal 
flour, dried fruits, tofu (soya), and dark chocolate with a cocoa content 
exceeding 75%. The subsequent section of the survey further explored 
participants’ favorite meals, their 24-h dietary recall and the frequency 
of consuming water, alcoholic beverages and sugary drinks. Lastly, the 
final segment of the questionnaire evaluated the presence or absence 
of physical activity and further assessed the number of weekly hours 
dedicated to sports activities (if applicable, categorized as <5 h, 5–10 h 
or > 10 h per week). Additionally, this section captured the timing of 
these activities during the day and the specific type of sport in which 
participants engaged.

2.3 Statistical analysis

Statistical analyses were conducted using SPSS v. 28 (IBM 
Corporation, Armonk, NY, USA). Descriptive statistics, including 
frequencies, were utilized to delineate the tastes and food consumption 
patterns of participants, analyzed collectively and stratified by gender. 
The chi-square test for independence was employed to ascertain 
differences in the consumption of various food items between genders, 
with the significance level set at p ≤ 0.05. For continuous variables, 
independent t-tests were applied to determine the statistical 
significance of differences between the male and female groups, while 

chi-square tests were used for categorical variables, including smoking 
status and income level. These tests provided p-values indicating the 
significance level for each compared variable.

3 Results

The study included a cohort of 2,198 participants, 1,314 women 
and 884 men (Table 1). The average age was 41.1 ± 12.7 years.

We observed that 24.5% of the participants were smokers, and 
there was no significant gender difference. Finally, the table categorizes 
the participants’ annual income, with a significant portion falling in 
the 20,000–40,000 €/yr. range.

Figure 1 and Supplementary Table S1 present a comparison of 
consumption patterns by gender.

Males and females reported an average daily water intake of 1.7 
and 1.4 liters, respectively (p < 0.001). Males and females consumed 
sugary drinks or added sugar on average 1.8 and 1.4 times daily, 
respectively (p  < 0.001). With regard to alcohol consumption, the 
average reported consumption was 2 times per week for men and 1.4 
times for women (p < 0.001). The taste preference analysis revealed a 
mean score of 6.08 for females and a higher mean score of 6.9 for 
males, on a scale from sweet (1) to salty (10) (t-test; p < 0.001). 
Significant gender differences were noted in the preferences for nine 
food categories (Figure 2; Supplementary Table S2).

Our comprehensive analysis of dietary preferences by gender 
revealed distinct consumption patterns with statistical significance. 
Males exhibited a pronounced preference for red meat, with 86.2% 
reporting regular consumption compared to 74.7% of females, 
demonstrating a statistically significant difference (p < 0.001). This 
trend was similarly observed in the consumption of processed meats, 
such as prosciutto, where 90.8% of males vs. 84.7% of females reported 
consumption (p < 0.001).

By contrast, female participants showed a higher propensity to 
consume vegetables. Cooked vegetables were favored by 94.2% of 

TABLE 1 Distribution of demographic variables by gender, smoking status, and income category in the study sample.

Total F M p

Subjects’ n (%) 2,198 1,314 (59.8) 884 (40.2) <0.001

Age

Age yrs 41.1 ± 12.7 41.9 ± 12.9 40 ± 12.5 <0.001

21–30 n (%) 451 (20.5) 247 (18.8) 204 (23.1)

0.006

31–40 n (%) 648 (29.4) 369 (28) 279 (31.6)

41–50 n (%) 545 (24.8) 342 (26) 203 (23)

51–60 n (%) 343 (15.6) 214 (16.3) 129 (14.6)

61–70 n (%) 152 (6.9) 104 (7.9) 48 (5.4)

71–80 n (%) 54 (2.5) 33 (2.5) 21 (2.4)

>80 n (%) 5 (0.2) 5 (0.4) 0 (0) <0.001

Smokers n (%) 539 (24.5) 329 (25.1) 210 (23.8) 0.45

Yearly income

<€20.000 n (%) 294 (13.4) 206 (15.7) 88 (10)

<0.001
€20.000–€40.000 n (%) 1,530 (69.6) 891 (67.9) 639 (72.3)

€40.000- €60.000 n (%) 311 (14.2) 176 (13.4) 135 (15.3)

>€60.000 n (%) 63 (2.8) 41 (3.1) 22 (2.5)

The table presents the distribution of various demographic data in the study sample, broken down by gender, smoking status, and income category, or continuous variables. The statistical 
significance of differences between the male and female groups was assessed using independent t-tests for continuous variables and chi-square tests for categorical variables such as smoking 
status and income category.
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females vs. 87.0% of males (p  < 0.001), while raw vegetable 
consumption also proved to be more prevalent among females (66.9%) 
than males (60.4%, p = 0.005).

When it came to grain-based food choices, females were more 
inclined towards whole grains, with 82.3% consuming them regularly 
compared to 73.1% of males, indicating a significant difference 
(p < 0.001). Though not represented in the graphical analysis due to a 
borderline value of p, cereals such as spelt and barley showed a slight 
female preference (p = 0.0497).

The consumption of tofu and dark chocolate also highlighted gender-
based preferences. Females were more likely to consume tofu (20.7% vs. 
19.1%, p = 0.007) and dark chocolate with a higher cocoa content (79.1% 
vs. 70.8%, p = 0.0125). Notably, non-dairy alternatives such as soy milk 
were more popular among female participants (p = 0.025).

The analysis of eating habits revealed significant differences 
between the genders in various aspects of eating behavior (Figure 3; 
Supplementary Table S3).

The survey of hunger patterns throughout the day showed that 
males felt hungrier before dinner than females (37.7% vs. 28.4%). By 
contrast, females reported feeling hungrier in the morning than males 
(29.4% vs. 26.8%). Snacking habits also varied significantly between 
genders. Females were more inclined to snack during the afternoon 
(33.5% vs. 26.9% of males). By contrast, the practice of not snacking 
between meals was more common among males (19.6% vs. 13.8% of 
females). Regarding the frequency of daily meals, the data showed that 
females tended to eat more frequently, with a notable percentage 
eating five times a day (34.7% for females vs. 25.5% for males).

In our results, we  examined eating habits based on gender, 
focusing on four key behaviors: eating distracted or not at the table, 
eating fast, eating out, and eating alone (Figure  4). We  used a 
chi-square test to assess the differences between the responses of men 
and those of women. For the question on eating distracted or not at 
the table, we found a slightly higher percentage of women (65.53%) 
than men (61.43%), with a value of p of 0.055. For the other questions, 
we observed statistically significant differences: eating fast (64.61% of 
women vs. 79.75% of men, p < 0.001), eating out (63.84% of women 
vs. 71.61% of men, p < 0.001), and eating alone (88.36% of women vs. 
92.60% of men, p < 0.001).

In our analysis, we examined the frequency of uncontrolled eating 
episodes despite the absence of hunger, stratified by gender (Figure 5).

The analysis of uncontrolled eating habits between genders 
revealed significant differences (p < 0.001) in the answers given. 
Women reported eating uncontrollably less frequently every day 
(7.8%) than men (5.1%), while a higher percentage of women (37.4%) 
than men (27.0%) indicated that they eat uncontrollably more than 
once a week. By contrast, a higher percentage of men (31.4%) than 
women (21.4%) responded that they never eat uncontrollably.

In our study, we examined sports preferences divided by gender, 
including four main categories (Supplementary Table S4): Endurance 
Sports, Skill Sports, Strength Training, and Team Sports, as well as 
those who do not participate in sports. The data collected showed that 
a significant proportion of participants, particularly females (52.4%), 
do not participate in sports. Among males, this percentage stands at 
41.9%. Amongst females practicing sports, Endurance Sports were the 

FIGURE 1

Gender differences in consumption habit preferences. The figure compares average daily water and sugary drink consumption, weekly alcoholic 
beverage consumption, and preference for sweet (1) or salty (10), between genders.
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most popular (26.9%), followed by Strength Training (24.6%). Skill 
Sports and Team Sports attracted less interest. As for males, Strength 
Training emerged as the most popular category (32.2%), with 
Endurance Sports following closely behind. It is important to note that 
the percentages exceed 100% because individuals may participate in 
more than one sport, thus being counted in more than one category.

4 Discussion

Several preclinical and clinical studies have investigated the 
genetic basis of taste perception and metabolism, demonstrating that 
these factors contribute to the diversity of food choices among 
individuals (14–17). Of note, the COVID-19 pandemic has 
significantly influenced dietary choices and physical activity, altering 
food habits and preferences, as well as the frequency and types of 
exercise (18–20). Determinants of dietary habits extend to encompass 
the significant influence of gender on dietary choices. In fact, gender 
dynamics influence not only food preference but also individuals’ 
overall dietary nutritional behaviors. In the last 10 years, several 
clinical studies have evaluated gender-specific patterns in food 
selection, revealing the existence of differences in nutrient intake and 
food choices between males and females (21–24).

In the present study, we  demonstrated significant gender 
differences in eating patterns, taste preferences, and meal-related 
behaviors. These differences are not only biologically intrinsic but may 
also be influenced by the cultural context in which individuals are 
raised and live (25). The greater preference for sweet and sour flavors 
among females, and for bitter and salty flavors among males, might 
be  linked to evolutionary dietary roles, as well as current societal 
norms. Females’ propensity for breakfast regularity and higher fruit 
and vegetable intake can be tied to greater health consciousness, often 
socially encouraged among women (26, 27).

Cultural norms and gender roles influence dietary choices, with 
men consuming more red and processed meat while women prefer 
healthier foods (28). Understanding these gender-specific preferences 
may be critical for targeted public health interventions. For example, 
encouraging a plant-based balanced diet among males could 
potentially mitigate the health risks associated with high red meat 
consumption (29–31). Similarly, the promotion of alternative protein 
sources, such as foods derived from soy, as a substitute for meat and 
dairy products, could promote the improvement of the diets of both 
sexes, males in particular (32). The higher intake of red meat among 
males vs. females aligns with a study by Ritzel and Mann, which 
identified a positive correlation between red meat consumption and 
perceived masculinity, evolving from infancy to late adulthood (33). 

FIGURE 2

Comparative analysis of food preferences by gender. Comparative prevalence of ‘Yes’ responses indicating a preference for selected food items, 
distributed by gender. Percentages represent the proportion of respondents within each gender who favored the food item. p-values are indicated for 
each item. Statistical test: chi-square test.
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Kemper et  al. (34) suggested that social stigmas and personal 
preferences may make it difficult for some men to reduce meat intake. 
The motivations to avoid red and processed meat, as highlighted by 
Clonan et al., often are related to human health and animal welfare 
(35). However, being informed about the health and environmental 
benefits of reducing red meat consumption could motivate males’ 
dietary adjustments (36). Our study indicates that women generally 
choose more plant-based foods, particularly favoring cooked and raw 
vegetables, legumes, whole grains, tofu, and dark chocolate with a high 
cocoa content. This trend is in line with previous studies showing 
gender differences in food preferences, with women often opting for 
foods that are considered healthier (37, 38).

A gender-based comparison of eating behaviors revealed several 
key differences that warrant discussion. Firstly, the tendency of men 
to skip meals, particularly breakfast, more frequently than women 
could indicate different lifestyle patterns or stressors between genders, 
suggesting gender differences in emotional or psychological responses 
to food. The distribution of hunger throughout the day also differs 
significantly between genders. Men reported increased hunger before 
dinner, whereas women experienced a more even distribution of 
hunger. In a study by Bédard et al. (39), gender differences were also 
evident in appetite sensation responses to Mediterranean diet (MD) 
meals. While both genders experienced increased hunger and appetite 
over time on the MD, only men reported an increase in prospective 

food consumption before meals. Leone et al. provide further evidence 
supporting the hypothesis that appetite regulation differs between 
men and women, particularly in relation to postprandial ghrelin 
regulation (40). Their study found that after consuming a balanced 
mixed meal, women experience greater satiety immediately, while 
men show a delayed suppression of hunger. This difference is 
attributed to a smaller decrease in postprandial ghrelin in men.

Our findings on snacking habits reveal that men are hungrier in 
the second part of the day than in the morning but tend to snack less 
than women. Men generally report the highest levels of hunger before 
dinner, while women experience peak hunger in the early afternoon, 
often accompanied by cravings. This observation is in accordance with 
research by Hartmann et al., who found that a high snack frequency 
can be associated with both healthy and unhealthy dietary behaviors 
(41). Women tend to make healthier dietary choices, often opting for 
fruits as snacks, whereas men are more inclined towards unhealthy 
options such as sweets and savories. Further, Hunter and Mattes note 
that the prevalence of snacking has increased in Western nations over 
the past 35 years, with a positive association between eating frequency 
and energy intake (42). However, the impact of this increase on 
obesity is complex. Snacking can contribute to higher energy intake, 
especially when snacks are unplanned and evoke weak compensatory 
responses in terms of reduced energy intake at subsequent meals (43). 
Factors contributing to this include weak satiation/satiety effects, 

FIGURE 3

Differences in eating patterns and preferences by gender. The figure shows normalized histograms displaying the percentage of male and female 
participants’ responses to questions about missed meals, timing of hunger throughout the day, snacking habits, and number of daily meals (snacks 
included). Statistical significance was assessed using chi-square tests, with p-values indicating significant differences between genders for all categories.

https://doi.org/10.3389/fnut.2024.1348456
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Feraco et al. 10.3389/fnut.2024.1348456

Frontiers in Nutrition 07 frontiersin.org

distracted eating, a low thermogenic response, and disrupted 
biological cycles. Notably, the issue with snacks is not necessarily their 
energy density, as even healthier options such a fruits and vegetables 

can increase total energy intake. The key is how snacks are 
incorporated into the diet (44). When balanced within an energy-
controlled diet, snacking can aid in managing eating schedules, 

FIGURE 4

Gender differences in eating habits. Comparison of eating habits by gender, showing the percentage of women (in light green) and men (in dark green) 
who reported specific behaviors. The p-values indicate the statistical significance of the observed differences, suggesting distinct eating behaviors 
between genders.

FIGURE 5

Normalized distribution of responses to the question “Do you happen to eat uncontrollably even if you’re not hungry?” by gender. Heatmap illustrating 
the normalized distribution of responses to the question “Do you happen to eat uncontrollably even if you are not hungry?” The responses are 
categorized by gender. The color gradient represents the percentage of respondents in each category, with annotations indicating the exact 
percentage. Statistical test: chi-square test, p  <  0.001.
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improving nutrient quality, and potentially moderating blood sugar 
and metabolic disease risk factors (45). These insights suggest that the 
differences in snacking habits between men and women, as observed 
in the study, could reflect broader dietary patterns and lifestyle 
choices, with implications for overall energy intake and, potentially, 
body weight management.

Our study offers an interesting perspective on the differences in 
eating habits between the sexes. The data collected indicate that men 
tend to eat more often alone, away from home, and quickly. This 
behavior could be related to a greater work commitment among men, 
who show the greatest hunger peak upon returning home, in the 
pre-dinner period. In a recent scoping review conducted to 
characterize snacks and snacking habits (46), afternoon snacking 
emerged as a compromise between taste, need, hunger, health, 
convenience, and weight control and was further characterized by 
distracted eating. This type of afternoon snacking is associated with 
individuals with a higher body mass index, obesogenic dietary 
patterns, and those who are less health-conscious and less concerned 
about weight management. The distinction between male and female 
eating styles highlighted by our study underlines the importance of 
considering gender dynamics when investigating eating habits and 
their implications for health. Understanding these differences can 
be crucial for the development of more effective and personalized 
nutrition intervention and health promotion strategies.

In this study, a marked gender disparity in sports participation 
was evident: men reported much higher levels of participation in sport 
than women. Further insight is provided by Figure  6, which 
categorizes sports activities into Endurance Sports, Skill Sports, 
Strength Training, and Team Sports. The data indicate a preference for 
Strength Training and Team Sports among men. The observed trends 

in sports preferences not only reflect gender-based differences in 
physical activity choices but also suggest underlying physiological, 
psychological, and sociocultural factors at play. Men’s predilection for 
strength training and team sports might be  attributed to societal 
norms valorizing physical strength and competitive team dynamics in 
male socialization (47–49); on the other hand, women’s propensity for 
endurance and skill sports may stem from biological aspects such as 
lean body mass distribution and societal influences that favor activities 
associated with precision and endurance (50, 51). These nuances in 
sports participation patterns necessitate a multifaceted approach in 
public health policies (52), where interventions are designed with an 
acute awareness of these gender-specific predilections and the 
complex of factors influencing them, thereby ensuring more effective 
and inclusive promotion of physical activity across genders (53–55).

The results of our study offer significant implications for clinical 
practice, especially in the field of personalized nutrition and chronic 
disease prevention. The clear evidence of gender-based differences in 
dietary behavior and preferences suggests the need for targeted 
nutrition strategies that take these variations into account. For example, 
interventions could include the development of separate nutrition 
education programs and guidelines specifically targeting men and 
women, reflecting their specific dietary needs and habits. For men, who 
eat more often alone, outside the home, and in a hurry, strategies could 
focus on promoting the choice of healthier fast food options, the 
importance of not skipping meals, especially breakfast, and ways to 
incorporate quick and nutritious meals into a busy lifestyle. For women, 
who may have different nutritional needs and show a preference for 
afternoon snacks, interventions could emphasize the importance of 
balanced, nutrient-rich snacks that satisfy hunger without contributing 
to obesogenic eating patterns. Furthermore, understanding these 

FIGURE 6

Comparative analysis of sports preferences by gender in different categories. The graph represents the distribution of sports preferences among male 
and female participants, categorized into Endurance Sports, Skill Sports, Strength Training, and Team Sports, based on a revised classification (see 
Supplementary Table S1 for detailed categorization of sports activities). The percentages exceed 100% because some individuals practice more than 
one sport and were thus counted in more than one category.
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gender differences allows health professionals to better tailor advice for 
weight management and chronic disease prevention. For example, men 
could benefit from targeted advice on reducing portion sizes and 
choosing nutrient-rich foods to mitigate the effects of frequent eating 
out, while women could receive guidance on how to manage cravings 
and make healthier snack choices. Incorporating gender-specific 
considerations into dietary recommendations could improve the 
effectiveness of public health initiatives aimed at reducing the 
prevalence of chronic diseases such as obesity, diabetes, and 
cardiovascular disease. Tailored interventions could also address the 
psychological and social factors that influence dietary behavior, further 
improving the success of nutrition-related health promotion initiatives.

This study has limitations. Firstly, the use of self-reported data in 
the survey may introduce a bias, as participants may not accurately 
recall or may choose to selectively report their eating habits and 
physical activities. This bias could potentially skew the results, 
especially in areas involving sensitive topics such as eating disorders 
or the consumption of high-calorie foods. It is important to emphasize 
that although the test was conducted online, it was always discussed 
with a nutrition professional. Another limitation concerns the sample 
population, which was taken from an obesity center in Rome. This 
population may not be  representative of the general population, 
especially in terms of eating habits and health awareness. The results, 
therefore, may have limited applicability to larger populations with 
different cultural, socioeconomic, or health backgrounds. 
We  acknowledge that recruiting participants from a specialized 
obesity center may introduce a bias that limits the generalizability of 
our findings to the general population. Research indicates substantial 
differences in taste function and ingestive behaviors between obese 
and non-obese individuals, which could influence dietary choices and 
perceptions uniquely within our study cohort (56–58). These 
variations highlight the intricate relationship between obesity and 
taste perception, emphasizing the need for caution when extending 
our results beyond the specific context of this study. The limitation 
related to the lack of formal validation of the survey instrument, 
although noteworthy, may be somewhat mitigated by several factors. 
Firstly, the structure and content of the survey were modelled on other 
validated food taste questionnaires, providing a basis for its reliability. 
This approach ensures that the survey questions are based on 
established research and methodologies, which is likely to increase the 
accuracy and relevance of the data collected. Furthermore, although 
no specific validation was conducted for this particular survey, the use 
of established question types and formats drawn from similar 
validated instruments adds a degree of credibility to the results. 
However, it is important to recognize that the absence of a specific 
validation process could introduce some uncertainty regarding the 
accuracy and consistency of the responses. Future studies could 
benefit from formal validation of the survey instrument, which would 
further strengthen the results and contribute to the robustness of 
research in this field.

5 Conclusion

The study highlights important gender differences in eating and 
sports behavior, underlining the critical role of gender in the 
development of nutritional strategies and the prevention of chronic 
diseases. The research highlights the need for gender differentiated 

approaches to promote healthy eating habits. The research opens new 
avenues for personalized nutritional interventions, encouraging health 
professionals and policy makers to develop targeted strategies that 
take into account the specific needs of different genders. This could 
include educational programs and marketing campaigns tailored to 
the dietary trends and health concerns of men and women, promoting 
a more balanced and conscious approach to nutrition. This direction 
could lead to better health outcomes and a higher quality of life across 
genders. Further research is needed to explore the factors influencing 
gender differences in eating habits and sport, emphasizing the 
importance of considering cultural, social, and biological aspects.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by Comitato Etico 
IRCCS San Raffaele Roma. The studies were conducted in accordance 
with the local legislation and institutional requirements. Written 
informed consent for participation in this study was provided by the 
participants' legal guardians/next of kin.

Author contributions

AF: Conceptualization, Investigation, Writing – original draft. 
AA: Writing – review & editing, Funding acquisition, Supervision, 
Validation. IA: Formal analysis, Investigation, Software, Writing – 
original draft. EG: Investigation, Software, Data curation, Writing – 
original draft. EC: Data curation, Investigation, Writing – review & 
editing. SG: Resources, Writing – review & editing. RS: Resources, 
Writing – review & editing, Supervision, Visualization. EP: Project 
administration, Writing – original draft. MC: Project administration, 
Funding acquisition, Methodology, Writing – review & editing. ML: 
Writing – review & editing, Conceptualization, Data curation, Writing 
– original draft.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This research 
was funded by the Competitive Research Project Funding (FIN/RIC) 
2023 - Department of Human Sciences and Promotion of the Quality 
of Life, San Raffaele Open University - Rome - Italy.

Acknowledgments

We would like to thank Miss Arianna Lombardo and Mr. 
Tommaso Lombardo for their valuable help in compiling the 
subject database.

https://doi.org/10.3389/fnut.2024.1348456
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Feraco et al. 10.3389/fnut.2024.1348456

Frontiers in Nutrition 10 frontiersin.org

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1348456/
full#supplementary-material

References
 1. Tarnopolsky MA, Saris WH. Evaluation of gender differences in physiology: an 

introduction. Curr Opin Clin Nutr Metab Care. (2001) 4:489–92. doi: 
10.1097/00075197-200111000-00004

 2. Della Torre S, Maggi A. Sex differences: a resultant of an evolutionary pressure? Cell 
Metab. (2017) 25:499–505. doi: 10.1016/j.cmet.2017.01.006

 3. Orsini CA, Brown TE, Hodges TE, Alonso-Caraballo Y, Winstanley CA, Becker JB. 
Neural mechanisms mediating sex differences in motivation for reward: cognitive bias, 
food, gambling, and drugs of abuse. J Neurosci. (2022) 42:8477–87. doi: 10.1523/
JNEUROSCI.1378-22.2022

 4. Chao AM, Loughead J, Bakizada ZM, Hopkins CM, Geliebter A, Gur RC, et al. Sex/
gender differences in neural correlates of food stimuli: a systematic review of functional 
neuroimaging studies. Obes Rev. (2017) 18:687–99. doi: 10.1111/obr.12527

 5. Westenhoefer J. Age and gender dependent profile of food choice. Forum Nutr. 
(2005) 57:44–51. doi: 10.1159/000083753

 6. Gil M, Rudy M, Stanisławczyk R, Duma-Kocan P, Żurek J. Gender differences in 
eating habits of polish Young adults aged 20-26. Int J Environ Res Public Health. (2022) 
19:15280. doi: 10.3390/ijerph192215280

 7. Manippa V, Padulo C, van der Laan LN, Brancucci A. Gender differences in food 
choice: effects of superior temporal sulcus stimulation. Front Hum Neurosci. (2017) 
11:597. doi: 10.3389/fnhum.2017.00597

 8. Legget KT, Cornier MA, Sarabia L, Delao EM, Mikulich-Gilbertson SK, Natvig C, 
et al. Sex differences in effects of mood, eating-related Behaviors, and BMI on food 
appeal and desire to eat: a cross-sectional survey study. Nutrients. (2023) 15:762. doi: 
10.3390/nu15030762

 9. Castronuovo L, Guarnieri L, Tiscornia MV, Allemandi L. Food marketing and 
gender among children and adolescents: a scoping review. Nutr J. (2021) 20:52. doi: 
10.1186/s12937-021-00706-4

 10. Grzymisławska M, Puch EA, Zawada A, Grzymisławski M. Do nutritional 
behaviors depend on biological sex and cultural gender? Adv Clin Exp Med. (2020) 
29:165–72. doi: 10.17219/acem/111817

 11. Yeung AWK. Sex differences in brain responses to food stimuli: a meta-analysis 
on neuroimaging studies. Obes Rev. (2018) 19:1110–5. doi: 10.1111/obr.12697

 12. Carbonneau E, Bradette-Laplante M, Lamarche B, Provencher V, Bégin C, 
Robitaille J, et al. Development and validation of the food liking questionnaire in a 
French-Canadian population. Nutrients. (2017) 9:1337. doi: 10.3390/nu9121337

 13. Lombardo M, Aulisa G, Padua E, Annino G, Iellamo F, Pratesi A, et al. Gender 
differences in taste and foods habits. Nutr Food Sci. (2020) 50:229–39. doi: 10.1108/
NFS-04-2019-0132

 14. Diószegi J, Llanaj E, Ádány R. Genetic background of taste perception, taste 
preferences, and its nutritional implications: a systematic review. Front Genet. (2019) 
10:1272. doi: 10.3389/fgene.2019.01272

 15. Coltell O, Sorlí JV, Asensio EM, Fernández-Carrión R, Barragán R, Ortega-Azorín 
C, et al. Association between taste perception and adiposity in overweight or obese older 
subjects with metabolic syndrome and identification of novel taste-related genes. Am J 
Clin Nutr. (2019) 109:1709–23. doi: 10.1093/ajcn/nqz038

 16. Cattaneo C, Mambrini SP, Gilardini L, Scacchi M, Pagliarini E, Bertoli S. Impact 
of 4-week of a restricted Mediterranean diet on taste perception, anthropometric, and 
blood parameters in subjects with severe obesity. Front Nutr. (2023) 10:1196157. doi: 
10.3389/fnut.2023.1196157

 17. Sjöstrand AE, Sjödin P, Hegay T, Nikolaeva A, Shayimkulov F, Blum MGB, et al. Taste 
perception and lifestyle: insights from phenotype and genome data among Africans and 
Asians. Eur J Hum Genet. (2021) 29:325–37. doi: 10.1038/s41431-020-00736-2

 18. Perrone MA, Feola A, Pieri M, Donatucci B, Salimei C, Lombardo M, et al. The 
effects of reduced physical activity on the lipid profile in patients with high 
cardiovascular risk during COVID-19 lockdown. Int J Environ Res Public Health. (2021) 
18:8858. doi: 10.3390/ijerph18168858

 19. Lombardo M, Guseva E, Perrone MA, Müller A, Rizzo G, Storz MA. Changes in 
eating habits and physical activity after COVID-19 pandemic lockdowns in Italy. 
Nutrients. (2021) 13:4522. doi: 10.3390/nu13124522

 20. Enriquez JP, Archila-Godinez JC. Social and cultural influences on food choices: 
a review. Crit Rev Food Sci Nutr. (2022) 62:3698–704. doi: 10.1080/10408398.2020.1870434

 21. Alkazemi D. Gender differences in weight status, dietary habits, and health 
attitudes among college students in Kuwait: a cross-sectional study. Nutr Health. (2019) 
25:75–84. doi: 10.1177/0260106018817410

 22. Thieleking R, Schneidewind L, Kanyamibwa A, Hartmann H, Horstmann A, Witte 
AV, et al. Nutrient scoring for the DEGS1-FFQ – from food intake to nutrient intake. 
BMC Nutr. (2023) 9:12. doi: 10.1186/s40795-022-00636-2

 23. Abel GJ, Brottrager M, Crespo Cuaresma J, Muttarak R. Climate, conflict and forced 
migration. Glob Environ Chang. (2019) 54:239–49. doi: 10.1016/j.gloenvcha.2018.12.003

 24. Zabaniotou A, Syrgiannis C, Gasperin D, de Hoyos Guevera AJ, Fazenda I, 
Huisingh D. From Multidisciplinarity to Transdisciplinarity and from local to global 
foci: integrative approaches to systemic resilience based upon the value of life in the 
context of environmental and gender vulnerabilities with a special focus upon the 
Brazilian Amazon biome. Sustain For. (2020) 12:8407. doi: 10.3390/su12208407

 25. Egele VS, Stark R. Specific health beliefs mediate sex differences in food choice. 
Front Nutr. (2023) 10:1159809. doi: 10.3389/fnut.2023.1159809

 26. Wardle J, Grilo CM, De Castro JM. Gender differences in food choice: the 
contribution of health beliefs and dieting. Ann Behav Med. (2004) 28:108–17. doi: 
10.1023/B:ABEM.0000023043.62215.58

 27. Hesse-Biber S, Leavy P, Quinn C, Zoino J. The mass marketing of disordered eating 
and eating disorders: the social psychology of women, thinness and culture. Women's 
Stud Int Forum. (2006) 29:187–204. doi: 10.1016/j.wsif.2006.02.001

 28. Rakha A, Mehak F, Shabbir MA, Arslan M, Ranjha MMAN, Ahmed W, et al. 
Insights into the constellating drivers of satiety impacting dietary patterns and lifestyle. 
Front Nutr. (2022) 9:1002619. doi: 10.3389/fnut.2022.1002619

 29. Gu X, Drouin-Chartier JP, Sacks FM, Hu FB, Rosner B, Willett WC. Red meat 
intake and risk of type 2 diabetes in a prospective cohort study of United States females 
and males. Am J Clin Nutr. (2023) 118:1153–63. doi: 10.1016/j.ajcnut.2023.08.021

 30. Di Y, Ding L, Gao L, Huang H. Association of meat consumption with the risk of 
gastrointestinal cancers: a systematic review and meta-analysis. BMC Cancer. (2023) 
23:782. doi: 10.1186/s12885-023-11218-1

 31. Papier K, Fensom GK, Knuppel A, Appleby PN, Tong TYN, Schmidt JA, et al. Meat 
consumption and risk of 25 common conditions: outcome-wide analyses in 475,000 men and 
women in the UK biobank study. BMC Med. (2021) 19:53. doi: 10.1186/s12916-021-01922-9

 32. Banach JL, Van Der Berg JP, Kleter G, Van Bokhorst-van De Veen H, Bastiaan-Net S, 
Pouvreau L, et al. Alternative proteins for meat and dairy replacers: food safety and future 
trends. Crit Rev Food Sci Nutr. (2022) 63:11063–80. doi: 10.1080/10408398.2022.2089625

 33. Ritzel C, Mann S. The old man and the meat: on gender differences in meat consumption 
across stages of human life. Food Secur. (2021) 10:2809. doi: 10.3390/foods10112809

 34. Kemper JA, Benson-Rea M, Young J, Seifert M. Cutting down or eating up: 
examining meat consumption, reduction, and sustainable food beliefs, attitudes, and 
behaviors. Food Qual Prefer. (2023) 104:104718. doi: 10.1016/j.foodqual.2022.104718

 35. Clonan A, Wilson P, Swift JA, Leibovici DG, Holdsworth M. Red and processed 
meat consumption and purchasing behaviours and attitudes: impacts for human health, 
animal welfare and environmental sustainability. Public Health Nutr. (2015) 18:2446–56. 
doi: 10.1017/S1368980015000567

 36. Collier ES, Normann A, Harris KL, Oberrauter LM, Bergman P. Making more 
sustainable food choices one meal at a time: psychological and practical aspects of meat 
reduction and substitution. Food Secur. (2022) 11:1182. doi: 10.3390/foods11091182

 37. Alharbi MH, Alarifi SN. Gender-based differences in the consumption of food rich 
in fibre and its relationship with perceived mood status: a cross-sectional study. 
Healthcare (Basel). (2022) 10:730. doi: 10.3390/healthcare10040730

https://doi.org/10.3389/fnut.2024.1348456
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2024.1348456/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1348456/full#supplementary-material
https://doi.org/10.1097/00075197-200111000-00004
https://doi.org/10.1016/j.cmet.2017.01.006
https://doi.org/10.1523/JNEUROSCI.1378-22.2022
https://doi.org/10.1523/JNEUROSCI.1378-22.2022
https://doi.org/10.1111/obr.12527
https://doi.org/10.1159/000083753
https://doi.org/10.3390/ijerph192215280
https://doi.org/10.3389/fnhum.2017.00597
https://doi.org/10.3390/nu15030762
https://doi.org/10.1186/s12937-021-00706-4
https://doi.org/10.17219/acem/111817
https://doi.org/10.1111/obr.12697
https://doi.org/10.3390/nu9121337
https://doi.org/10.1108/NFS-04-2019-0132
https://doi.org/10.1108/NFS-04-2019-0132
https://doi.org/10.3389/fgene.2019.01272
https://doi.org/10.1093/ajcn/nqz038
https://doi.org/10.3389/fnut.2023.1196157
https://doi.org/10.1038/s41431-020-00736-2
https://doi.org/10.3390/ijerph18168858
https://doi.org/10.3390/nu13124522
https://doi.org/10.1080/10408398.2020.1870434
https://doi.org/10.1177/0260106018817410
https://doi.org/10.1186/s40795-022-00636-2
https://doi.org/10.1016/j.gloenvcha.2018.12.003
https://doi.org/10.3390/su12208407
https://doi.org/10.3389/fnut.2023.1159809
https://doi.org/10.1023/B:ABEM.0000023043.62215.58
https://doi.org/10.1016/j.wsif.2006.02.001
https://doi.org/10.3389/fnut.2022.1002619
https://doi.org/10.1016/j.ajcnut.2023.08.021
https://doi.org/10.1186/s12885-023-11218-1
https://doi.org/10.1186/s12916-021-01922-9
https://doi.org/10.1080/10408398.2022.2089625
https://doi.org/10.3390/foods10112809
https://doi.org/10.1016/j.foodqual.2022.104718
https://doi.org/10.1017/S1368980015000567
https://doi.org/10.3390/foods11091182
https://doi.org/10.3390/healthcare10040730


Feraco et al. 10.3389/fnut.2024.1348456

Frontiers in Nutrition 11 frontiersin.org

 38. Foster S, Beck E, Hughes J, Grafenauer S. Whole grains and consumer 
understanding: investigating Consumers' identification, knowledge and attitudes to 
whole grains. Nutrients. (2020) 12:2170. doi: 10.3390/nu12082170

 39. Bédard A, Hudon AM, Drapeau V, Corneau L, Dodin S, Lemieux S. Gender 
differences in the appetite response to a satiating diet. J Obes. (2015) 2015:140139:1–9. 
doi: 10.1155/2015/140139

 40. Leone A, de Amicis R, Pellizzari M, Bertoli S, Ravella S, Battezzati A. Appetite 
ratings and ghrelin concentrations in young adults after administration of a balanced 
meal. Does sex matter? Biol Sex Differ. (2022) 13:25. doi: 10.1186/s13293-022-00434-2

 41. Hartmann C, Siegrist M, Van der Horst K. Snack frequency: associations with 
healthy and unhealthy food choices. Public Health Nutr. (2013) 16:1487–96. doi: 
10.1017/S1368980012003771

 42. Hunter SR, Mattes RD. The role of eating frequency and snacking on energy intake and 
BMI In: H Meiselman, editor. Handbook of eating and drinking. Cham: Springer (2019)

 43. Skoczek-Rubińska A, Bajerska J. The consumption of energy dense snacks and 
some contextual factors of snacking may contribute to higher energy intake and body 
weight in adults. Nutr Res. (2021) 96:20–36. doi: 10.1016/j.nutres.2021.11.001

 44. Njike VY, Smith TM, Shuval O, Shuval K, Edshteyn I, Kalantari V, et al. Snack food, 
satiety, and weight. Adv Nutr. (2016) 7:866–78. doi: 10.3945/an.115.009340

 45. Almoraie NM, Saqaan R, Alharthi R, Alamoudi A, Badh L, Shatwan IM. Snacking 
patterns throughout the life span: potential implications on health. Nutr Res. (2021) 
91:81–94. doi: 10.1016/j.nutres.2021.05.001

 46. Enriquez JP, Gollub E. Snacking consumption among adults in the United States: 
a scoping review. Nutrients. (2023) 15:1596. doi: 10.3390/nu15071596

 47. Capranica L, Piacentini MF, Halson S, Myburgh KH, Ogasawara E, Millard-
Stafford M. The gender gap in sport performance: equity influences equality. Int J Sports 
Physiol Perform. (2013) 8:99–103. doi: 10.1123/ijspp.8.1.99

 48. Hurley KS, Flippin KJ, Blom LC, Bolin JE, Hoover DL, Judge LW. Practices, 
perceived benefits, and barriers to resistance training among women enrolled in college. 
Int J Exerc Sci. (2018) 11:226–38.

 49. Deaner RO, Geary DC, Puts DA, Ham SA, Kruger J, Fles E, et al. A sex difference in 
the predisposition for physical competition: males play sports much more than females even 
in the contemporary U.S. PLoS One. (2012) 7:e49168. doi: 10.1371/journal.pone.0049168

 50. Bartolomei S, Grillone G, Di Michele R, Cortesi M. A comparison between male 
and female athletes in relative strength and power performances. J Funct Morphol 
Kinesiol. (2021) 6:17. doi: 10.3390/jfmk6010017

 51. Lombardo M, Feraco A, Ottaviani M, Rizzo G, Camajani E, Caprio M, et al. The 
efficacy of vitamin D supplementation in the treatment of fibromyalgia syndrome and 
chronic musculoskeletal pain. Nutrients. (2022) 14:3010. doi: 10.3390/nu14153010

 52. Allison R, Bird EL, McClean S. Is team sport the Key to getting everybody active, 
every day? A systematic review of physical activity interventions aimed at increasing 
Girls' participation in team sport. AIMS Public Health. (2017) 4:202–20. doi: 10.3934/
publichealth.2017.2.202

 53. Schlund A, Reimers AK, Bucksch J, Brindley C, Schulze C, Puil L, et al. Do 
intervention studies to promote physical activity and reduce sedentary behavior in 
children and adolescents take sex/gender into account? A systematic review. J Phys Act 
Health. (2021) 18:461–8. doi: 10.1123/jpah.2020-0666

 54. Guerrero MA, Guerrero Puerta L. Advancing gender equality in schools through 
inclusive physical education and teaching training: a systematic review. Societies. (2023) 
13:64. doi: 10.3390/soc13030064

 55. MacDonald DJ, Saunders TJ, Longmuir PE, Barnes JD, Belanger K, Bruner B, et al. 
A cross-sectional study exploring the relationship between age, gender, and physical 
measures with adequacy in and predilection for physical activity. BMC Public Health. 
(2018) 18:1038. doi: 10.1186/s12889-018-5893-8

 56. Nasser J. Taste, food intake and obesity. Obes Rev. (2001) 2:213–8. doi: 10.1046/j.
1467-789x.2001.00039.x

 57. Harnischfeger F, Dando R. Obesity-induced taste dysfunction, and its implications 
for dietary intake. Int J Obes. (2021) 45:1644–55. doi: 10.1038/s41366-021-00855-w

 58. Fathi M, Javid AZ, Mansoori A. Effects of weight change on taste function; a 
systematic review. Nutr J. (2023) 22:22. doi: 10.1186/s12937-023-00850-z

https://doi.org/10.3389/fnut.2024.1348456
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/nu12082170
https://doi.org/10.1155/2015/140139
https://doi.org/10.1186/s13293-022-00434-2
https://doi.org/10.1017/S1368980012003771
https://doi.org/10.1016/j.nutres.2021.11.001
https://doi.org/10.3945/an.115.009340
https://doi.org/10.1016/j.nutres.2021.05.001
https://doi.org/10.3390/nu15071596
https://doi.org/10.1123/ijspp.8.1.99
https://doi.org/10.1371/journal.pone.0049168
https://doi.org/10.3390/jfmk6010017
https://doi.org/10.3390/nu14153010
https://doi.org/10.3934/publichealth.2017.2.202
https://doi.org/10.3934/publichealth.2017.2.202
https://doi.org/10.1123/jpah.2020-0666
https://doi.org/10.3390/soc13030064
https://doi.org/10.1186/s12889-018-5893-8
https://doi.org/10.1046/j.1467-789x.2001.00039.x
https://doi.org/10.1046/j.1467-789x.2001.00039.x
https://doi.org/10.1038/s41366-021-00855-w
https://doi.org/10.1186/s12937-023-00850-z

	Assessing gender differences in food preferences and physical activity: a population-based survey
	1 Introduction
	2 Materials and methods
	2.1 Subjects
	2.2 Survey
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

