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Background: The COVID-19 pandemic has led to significant lifestyle changes, including alterations in dietary habits and increases in sedentary behavior. The Mediterranean diet (MD) has been associated with various health benefits, which are especially important given the health challenges posed by the pandemic. During the pandemic, an overall shift towards consuming more highly processed foods has been observed.

Methods: This systematic review investigated adherence to MD during the COVID-19 pandemic, focusing on gender differences and factors influencing adherence to MD in the general public. The literature search focused on papers published between January 1, 2019, and July 8, 2024, across various databases such as Web of Science (WOS), Scopus, PubMed MEDLINE, and PsycINFO.

Results: Following the PRISMA guidelines, this search identified 14,347 references, of which 5,734 were duplicates. After a thorough multi-level screening process, 29 studies, encompassing 55,242 participants, met the inclusion criteria. While seven studies reported that men adhered to a MD more than women during the COVID-19 pandemic, 12 studies also indicated that women had higher adherence to a MD compared to men. Nine studies, however, found no significant gender differences in MD adherence. Additionally, older age, higher education levels, higher socioeconomic status, and increased physical activity were linked to greater adherence to a MD in the pandemic context.

Conclusion: Gender-specific differences in dietary behavior are influenced by factors such as socioeconomic status, gender roles, and pandemic phases as well as biases in sample composition and methodological weaknesses. Significant gaps in the evidence, particularly concerning sexual and gender minorities, are highlighted.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=421727.
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GRAPHICAL ABSTRACT
 



1 Introduction

In December 2019, the spread of SARS-CoV-2 was first reported in Wuhan, China, causing the global COVID-19 health crisis with rapid human-to-human transmission and high mortality rates. The World Health Organization (WHO) declared the COVID-19 outbreak a global pandemic in March 2020 (1, 2). Governments and health authorities implemented stringent measures, including lockdowns, social distancing mandates, and home confinements, to control the spread of the disease and reduce the burden on healthcare systems (3). These safety measures have led to significant changes in daily routines and lifestyles, including increases in sedentary behavior and the consumption of highly processed food and sweetened beverages (4, 5). The prolonged times of staying at home, accompanied by increased pandemic-related anxiety, stress, and/or boredom may have contributed to higher levels of emotional eating, leading, in turn, to an increased intake of energy-dense foods and snacks (6). Additionally, the threat of food insecurity may have led to the purchase of more packaged, processed, and longer-lasting foods rather than fresh products, contributing to a further deterioration in diet quality (7).

At the same time, maintaining a healthy diet is crucial to support immune function and overall somatic and mental health. Obesity and diabetes have been identified as important risk factors for the development of a more severe course of COVID-19 (8, 9). In contrast, the Mediterranean diet (MD) has been associated with a reduction in health sequelae of COVID-19, due to anti-inflammatory (10) and anti-thrombotic properties (11, 12). Given these beneficial effects, the WHO has issued nutritional guidelines for the lockdown period, highlighting the key nutritional components of the MD (13, 14).

The MD (15) is a well-researched dietary pattern that encompasses minimally processed foods and low sugars while emphasizing the consumption of whole grains, fruits, vegetables, nuts, seeds, and legumes (16–18). It includes olives and olive oil as primary sources of fat, with dairy products (such as milk, yogurt, and cheese) being consumed moderately. Also, fish is included to a moderate extent, while processed foods, meat, and meat products are only included to a relatively limited degree. The MD has been associated with several health benefits due to its high abundance of foods rich in fiber, glutathione, and further antioxidants while maintaining a balanced ratio of omega-6 to omega-3 essential fatty acids (19–21). The revised “PREvención con DIeta MEDiterránea” study (PREDIMED; n = 7,447) (22) found a 31% reduction in cardiovascular risk associated with MD compared to a low-fat diet. Moreover, increased MD adherence has been associated with decreased cardiovascular mortality and the prevention of metabolic syndrome, cancer, and chronic conditions, including obesity (23, 24). However, a recent umbrella review revealed a lack of consistency regarding the relationship between adherence to the MD and various health outcomes, specifically overweight and obesity, musculoskeletal health, inflammation, and cardiometabolic health, emphasizing the necessity for further studies to gain a clearer understanding of these relationships (25). Despite the potential benefits of the MD, Mediterranean societies have been progressively shifting towards a more Westernized diet (26), characterized by high consumption of red meat, processed meat, fried foods (e.g., french fries), refined grains, high-fat dairy products, desserts, and high-sugar drinks (27–29). This shift is likely the result of increased urbanization, globalization and trade liberalization, and lifestyle changes that make processed and calorie-dense foods more accessible and convenient compared to the preparation of meals in the traditional MD (30).

Sex may be an important factor to consider in studies on nutrition, as sex-specific interactions between health parameters and dietary aspects may be influenced by sex differences in hormones, physiology, nutrient metabolism, and the gut microbiome (31). Sex is a complex biological construct encompassing anatomy, physiology, genetics, and hormonal influences (32). Gonadal hormones, such as estrogen and testosterone, exert profound effects on several levels, creating distinct nutritional requirements for men and women (33). Accordingly, sex-related differences in nutritional behavior have been observed, with women typically consuming more plant-based choices and fewer calories due to smaller body size and lower muscle mass compared to men (33). Hormonal fluctuations further affect dietary patterns, such that elevated estrogen levels during the peri-ovulatory period have been associated with reduced food intake; on the other hand, reduced estrogen levels in postmenopausal women have been linked to diminished metabolic flexibility and increased central fat accumulation (34). Additionally, sex modulates metabolic responses, including insulin sensitivity to glucose intake (35). Host metabolism and immunological responses are significantly influenced by the gut microbiome (36), while, in turn, it has been shown that sex, along with body weight and dietary behavior, contributes to shaping the human gut microbiome (37). However, the specific mechanistic interactions between sex and the MD are unclear, and studies examining this relationship are limited (38). Recently, Barrea et al. (39) found that women showed significantly higher adherence to the MD and had lower levels of high-sensitivity C-reactive protein. In the “CORonary Diet Intervention with Olive oil and cardiovascular PREVention” study (40) (CORDIOPREV; n = 1,002) a 28% reduction in recurrent major cardiovascular events following a MD versus a low-fat diet was found; the superiority of the MD was more significant among men. It remains unclear whether this effect is due to insufficient statistical power in the women group or if sex is an influential factor in dietary response (40).

Besides sex biology, gender (i.e., socialization and behaviors) and other factors, e.g., age, body weight, educational and socioeconomic status influence food choices and consumption quantities (41, 42). Gender is a multifaceted construct that includes gender identity and expression, along with societal and cultural expectations regarding status, characteristics, and behaviors linked to specific sex traits (32). When comparing diet patterns between men and women, it has been shown that men consume more animal protein and less fruits, while women tend to consume higher amounts of fruits and vegetables but also carbohydrates (41, 43). Such differences in dietary profiles often underly gender-associated differences in concerns around weight and body shape as well as greater concerns about the naturalness of food and ethical issues regarding food found in women (41, 44). However, findings regarding MD-style eating behaviors by gender have remained largely inconclusive, with some studies showing a higher adherence to a MD in women, mostly due to an overall lower consumption of red meat (39, 45). To our knowledge, no studies have yet investigated the adherence to a MD among gender groups beyond men and women, or, more broadly, in sexual and gender minorities (SGM).

Since the COVID-19 pandemic has led to alterations in daily habits, it is important to study how these changes might have affected health-determining variables such as diet quality. Identifying potential gender differences may yield crucial information to policymakers to provide more targeted, gender-specific recommendations and support, including underrepresented groups, e.g., SGM, during periods of crises. Previous systematic reviews have addressed the issue of adherence to a MD—with some notable limitations. For instance, Obeid et al. (46) systematically excluded studies assessing MD adherence during the pandemic, while Moore et al. (47) focused exclusively on individuals with overweight and obesity rather than the general population during the pandemic. Other reviews did not address gender differences (48, 49). Thus, the present systematic review aimed to investigate gender differences in the adherence to a MD in the general adult population during the COVID-19 pandemic. In addition, we aimed to study how variations may have been influenced by different factors, including lifestyle changes brought on by the pandemic.



2 Methods


2.1 Search strategy

This review was registered in the PROSPERO database (CRD42023421727) (50). The search strategy followed the “Peer Review of Electronic Search Strategies” (PRESS) guideline for systematic reviews and the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses” (PRISMA) guidance (51). The aim was to ensure a comprehensive and evidence-based electronic search. Our search targeted papers published from January 1, 2019, to July 8, 2024, across multiple databases, including Web of Science (WOS), Scopus, PubMed MEDLINE, and PsycINFO. The search query for PubMed is displayed in Table 1 (search terms were modified for adaptation to each database. For the full search strategy of all databases, see Supplementary Table S1).



TABLE 1 Full search string for PubMed.
[image: Table1]



2.2 Selection of primary studies

The selection, management, and organization of the primary studies were conducted using the Covidence software (52). The study selection followed a two-stage “two sets of eyes principle” procedure to ensure thoroughness and minimize subjective bias. In the first stage, each article’s title and abstract were independently reviewed by two authors from the review team (MP, CR, LS, CZ, and NL). In the second stage, the full texts of the selected articles were again screened by two out of six independent authors (GB, MP, CR, LS, CZ, and NL). The pairs of authors alternated randomly throughout the process to reduce potential bias. Any conflicts or inconsistencies were resolved through discussion within the team. The final selection of studies was approved by all authors. The synthesis of outcomes was carried out by GB.



2.3 Inclusion and exclusion criteria

We included original research articles written in English or German language with no geographical limitations. We included studies carried out in the general adult population without clinical diagnoses, regardless of gender, and excluded populations of children, adolescents (<18 years), and clinical populations. We also excluded systematic reviews, reviews, meta-analyses, case reports, qualitative studies, commentaries, conference papers, opinion pieces, letters, editorials, articles written in languages other than German or English, and publications before 2019 and/or without an explicit COVID-19 reference. Only studies reporting outcomes regarding both a MD as well as gender-specific analyses and/or SGM populations (including but not limited to lesbian, gay, bisexual, pansexual, transgender, non-binary, queer, two-spirit, intersex, and asexual individuals) were included, whereas studies regarding other outcomes (e.g., disordered eating behaviors, body image concerns) and studies without gender comparisons were excluded. All outcome effect measures were included.



2.4 Quality assessment

As suggested by Ma et al. (53), the quality assessment was performed using the “Critical Appraisal Checklist for Analytical Cross-Sectional Studies” (54). The checklist comprises eight items assessed as “Yes,” “No,” “Unclear,” and “Not Applicable,” and an overall appraisal rated as “Include,” “Exclude,” or “Seek Further Info.” The quality assessment of the included studies was independently carried out by two authors out of the author team (GB, MP, CR, LS, CZ, and NL), with the first author (GB) making the final assessment decision.




3 Results


3.1 Study extraction

The literature search yielded 14,347 results. In the end, 29 studies were selected for this synthesis (see PRISMA diagram in Figure 1).
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FIGURE 1
 PRISMA diagram.


Twenty-five out of the 29 studies were cross-sectional. Among these, 17 retrospectively assessed self-reported changes in MD habits during the pandemic. Four studies conducted measurements at two time points (see Figure 2). In 15 of the included studies, the data collection was conducted in 2020; nine studies were conducted in 2021 and five in 2022 or later (see Figure 2). Two publications reported results based on the same sample (55, 56).

[image: Figure 2]

FIGURE 2
 Survey periods and number of included studies over time.




3.2 Study characteristics

The cumulative sample size in all 29 included studies amounted to a total of 55,242 participants. Sample sizes ranged from n = 168 to n = 9,413 (men: 56–3,549; women: 111–5,864). The gender distribution in the studies was notably skewed, with 18,999 men (34.39%) and 36,209 (65.55%) women. Only three studies reported including participants who identified as neither men nor women, but without providing further details (57–59); these participants accounted for less than 0.06% of the cumulative sample. The terms “sex” and “gender” in this review are used in alignment with their usage in the original studies included in this synthesis. There were no results reported for this group. Twelve studies had predominantly younger participants (>50% of the sample <39 years), while five studies assessed predominantly older participants (>50% of the sample >50 years; see Table 2). Twenty-two studies, thus the majority of the included studies recruited samples with high levels of education, predominantly consisting of university-educated participants. Seven studies included samples in Spain, six in Italy, five in Turkey, two in Egypt, two in Greece, and one each in Cyprus, Denmark, Kosovo, Lebanon, Portugal, and Tunisia. Apart from Denmark, all countries are considered to be Mediterranean.



TABLE 2 Gender differences in Mediterranean diet patterns.
[image: Table2]



3.3 Questionnaires

Twenty out of the 29 studies used the Mediterranean Diet Adherence Screener (60, 61) (MEDAS) for assessing adherence to a MD, and two studies used modified versions of the MEDAS, excluding the alcohol-related items. Three studies used the Mediterranean Diet Score (MedDietScore) by Panagiotakos et al. (62), and one study used the Mediterranean Diet Score (MDS) by Trichopoulou et al. (63). One study used the Mediterranean Diet Quality Index in children and adolescents (KIDMED) (64), and another study assessed adherence to a MD using the Mediterranean COVID-19 Pandemic Score (MedCOVID-19)—a self-designed questionnaire (65). Please see Table 2 for more details.

The MEDAS questionnaire (60, 61) includes 12 questions on the consumption frequency of certain food categories and two questions on food intake habits characteristic of the MD, each scored zero or one. Points are given for high consumption of favorable and limited consumption of unfavorable foods. One point is given for the following: using olive oil as the main cooking fat, preferring white meat (i.e., chicken) over red meat (i.e., pork and beef), consuming more than four tablespoons of olive oil daily, consuming more than two servings of vegetables daily, eating more than three portions of fruit daily, eating more than three servings of pulses and fish weekly, consuming at least three servings of nuts weekly, or two or more servings of sofrito weekly, eating a maximum of one serving of red meat, or sausages, or animal fat daily, consuming less than 100 mL of sugar-sweetened beverages daily, drinking less than seven glasses of red wine weekly, and eating less than three portions of commercial sweets or pastries weekly. If a condition is not met, it receives a score of zero, resulting in a total score ranging from zero to 14.

The MedDietScore (62) is a questionnaire for assessing eating habits based on the frequency of weekly consumption of specific food groups more or less aligning with the MD. The nine primary food groups evaluated are non-refined cereals (e.g., whole grain bread, pasta, brown rice), fruits, vegetables, legumes, potatoes, fish, meat and meat products, poultry, and full-fat dairy products (e.g., cheese, yogurt, milk). Additionally, olive oil and alcohol are included as separate categories. Each food group receives a score according to its alignment with the MD. The total score ranges from zero to 55, with higher values indicating greater adherence to the MD.

The MDS (63) is based on the consumption levels of nine foods: vegetables, legumes, fruit, nuts, whole grains, red/processed meat, fish, alcohol, and the monounsaturated to saturated fat ratio. A score of zero is given, if the intake of positive components (vegetables, legumes, fruit, nuts, whole grains, fish, and the fat ratio) is below the median of the norm population, and a score of one if it is equal to the median or above it. For red/processed meat, a score of one is assigned for consumption below the population median, and zero for above it. The total score for the MDS can range from zero, indicating minimal adherence, to nine, indicating perfect MD adherence.

The KIDMED questionnaire (64) analyzes adherence to the MD through 16 questions, resulting in a final score of zero to 12. The total score indicates three levels of adherence: 0–3 for poor adherence, 4–7 for medium adherence, and 8–12 for high adherence to the MD.

In the self-report measure MedCOVID-19 (65), points are assigned based on dietary and lifestyle changes during the pandemic. Positive points (+1) are given for increased consumption of recommended foods from the MD (i.e., fruits, vegetables, legumes, cereals, fish, and olive oil) and corresponding favorable behaviors (i.e., local/organic food, physical exercise), while negative points (−1) are assigned for decreased consumption and a decrease in favorable behaviors during the pandemic. The total score ranges from −14 to 14, with higher scores indicating higher adherence to MD-style eating habits during the pandemic.



3.4 Gender differences


3.4.1 Overall adherence

The results of the included studies regarding gender differences in adherence to a MD are heterogeneous. Seven studies reported that compared to women, men showed higher scores of adherence to a MD during the pandemic (65–71). Specifically, in the longitudinal study conducted by Mattavelli et al. (70), which included a pre-pandemic baseline, women exhibited a significantly greater decline in adherence to a MD, showing a reduction of 5% compared to a 2% reduction in men over a 4.5-year follow-up period (p < 0.001) (70). In contrast, 12 studies indicated that women demonstrated greater adherence to a MD during the pandemic compared to men (55–58, 72–79). Finally, nine studies reported no significant gender differences regarding adherence to a MD during COVID-19 (4, 59, 80–86).

Seven out of 12 studies reporting that women adhered to a MD to a greater degree than men had samples with more than 70% women (56–58, 73, 75–77). Studies reporting higher adherence to a MD in men had more gender-balanced samples, except for one study (69). All but one study reporting higher adherence among women used the MEDAS questionnaire and was cross-sectional, with all studies but two applying retrospective data collection to determine the impact of the pandemic.

Three out of the four studies that collected data at two time points reported higher adherence to a MD among men (66, 69, 70). Three of the studies with longitudinal design had (relatively) older samples (66, 70, 81), two had Spanish samples (66, 81), and two had Italian samples (69, 70). One of those studies had a sample with more than 70% women (69). One study provided data solely at the item level and did not include further information on adherence to a MD (87). The results regarding gender differences in adherence to a MD are summarized in Table 2.



3.4.2 Adherence to food categories

Eleven studies reported gender differences at an item level (i.e., food category level) in the questionnaires assessing the adherence to a MD during the pandemic (58, 59, 65–67, 70, 71, 73, 75, 86, 87). These studies highlight women’s dietary preferences for certain foods, despite the findings not being unequivocal. For example, women tended to consume more olive oil than men in two studies (73, 86), but the reduction in olive oil use in women compared to men during the pandemic was greater in another study (70). Women favored a higher intake of vegetables (73, 75) and showed a greater preference for fruits (75, 86). The consumption of sofrito was also higher in women compared to men (67). Moreover, women consumed more legumes (67, 75) and more frequently preferred white meat over other meat, with five studies confirming this observation (59, 67, 73, 75, 86). On the other hand, nut consumption was less prevalent in women than in men (70). Lastly, during the pandemic, women were reported to consume more fish and seafood (71) as well as whole grain foods, milk and yogurt, cheese, fish, and homemade food (75). Contrary to these findings, a study found men to consume more fruits, nuts, and fish (products) than women (67); furthermore, one study found men to consume more pulses than women (66).

Regarding unfavorable food categories, two studies showed that commercial sweets or pastries consumption (70, 85), but also the consumption of butter, margarine, or cream (70) increased both in men and women during the pandemic. Three studies showed that women consumed significantly more (homemade) pastries than men (58, 75, 87). Women displayed a more moderate consumption of red meat, hamburgers, or other meat products (73, 86) as well as butter, margarine, cream, and carbonated beverages (86). Men, by contrast, were found to consume more carbonated beverages (87).

Three studies reported that men increased their alcohol consumption compared to women (65–67). Additionally, one study reported a lower consumption of beer and wine in women (82). However, in a Danish sample, women increased their consumption of alcohol during the pandemic to a higher extent than men (58). Gualtieri et al. (73) found men to exhibit a higher adherence regarding a moderate consumption of wine compared to women.




3.5 Factors influencing changes in adherence to the Mediterranean diet during COVID-19

Nineteen studies explored factors influencing changes in adherence to a MD during the COVID-19 pandemic. Of these, eight studies identified factors linked to a decrease in adherence to a MD, such as overweight/obesity (76, 78) and low physical activity (77). Furthermore, 13 studies highlighted factors associated with an increase in adherence, including higher education (57, 65–67, 77) and socioeconomic status (65). The most robust evidence for a decline in adherence to a MD was present for overweight/obesity and smoking. The most robust evidence for an increase in adherence to a MD included physical activity, higher education, higher economic status, not living alone, and living in a family home. The relationship between age and changes in dietary adherence was examined in 11 studies, yielding conflicting evidence. Table 3 provides a summary of published factors influencing changes in adherence to a MD during COVID-19. These factors were not examined by gender in any of the studies.



TABLE 3 Factors influencing changes in adherence to the Mediterranean diet during COVID-19.
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3.6 Quality assessment

The quality assessment revealed variations across the included studies, with most studies meeting key criteria such as clearly defined sample inclusion, detailed descriptions of study subjects and settings, identification and management of confounding factors, valid and reliable outcome measurements, and appropriate statistical analysis. Certain studies, nonetheless, demonstrated deficits in specific methodological aspects (see Table 4).



TABLE 4 Quality assessment of the included studies.
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4 Discussion

This systematic review aimed to synthesize studies dealing with the MD, identify potential gender differences and examine factors influencing the adherence to a MD during the COVID-19 pandemic. Following a thorough and comprehensive methodical approach, the synthesis revealed heterogeneous results regarding gender differences, with studies showing higher adherence to a MD in either men or women, or no differences.

Several factors could account for these results. To begin with, studies reporting greater adherence in women predominantly had samples with more than 70% of women participants; thus, disparities in sample gender compositions may mask true gender differences. In contrast, studies with a more balanced gender distribution showed higher adherence to a MD in men. Moreover, a potential selection bias due to non-random sampling (snowball- or convenience sampling) could have influenced the observed gender differences in adherence to a MD during the COVID-19 pandemic. For example, Wild et al. (88) demonstrated that undergraduate students, who are popular survey groups, are not representative of the general population or age-matched non-students. Consequently, research in representative and randomly selected cohorts is asked for. The timing of the data collection during the pandemic may also be a relevant aspect to consider; studies indicating higher adherence in men were more frequently conducted during the early phase of the COVID-19 pandemic in 2020, whereas five of the eight studies showing greater adherence in women were conducted in the later phases of the pandemic. While the pandemic has impacted everyone, it has generally posed greater challenges for women, who have experienced an increased risk of infection and psychological stress (89). At the same time, women tend to use a more emotion-focused coping style, including emotional eating (90, 91). Women were found to exhibit more stress and emotional eating during the pandemic as well (92, 93). As the pandemic progressed and situations adapted to the “new normal,” women might have adopted or maintained better dietary habits (94), facilitated by the stabilization of daily routines and a re-orientation towards a health and well-being focus. These assumptions suggest that a pandemic’s progression might significantly impact everyone’s dietary habits, but that men and women may respond to such crises differently over time, which also warrants investigations. Our systematic search also yielded nine studies that reported no significant gender differences in adherence to a MD. However, the absence of statistically significant differences does not necessarily imply a true lack of effects between genders. Instead, it may reflect limitations such as insufficient statistical power, variability in sample sizes, or heterogeneity in study designs (95). These factors may have obscured potential small but meaningful differences between genders and highlight the complexity of interpreting non-significant findings. Future studies should also aim for larger, more homogenous samples and robust study designs to better detect and understand potential gender differences in MD adherence.

Adherence to a MD is generally positively correlated with income (96). Studies have shown that individuals with higher incomes tend to eat healthier foods, regardless of gender (96–98), which facilitates adherence to a MD. Aytekin Sahin and Mengi Celik (99) recently indicated that income positively influenced adherence to a MD in Turkish women (n = 2,675). In countries with a more rigid (“traditional”) distribution of gender roles, women often take on the primary role of managing food purchases and meal preparation, perhaps adhering more to healthier diets, while men are less involved in food preparation and may prioritize other aspects of life over diet, resulting in lower adherence to a MD (100). Interestingly, five of the eight studies reporting a higher women’s adherence were conducted in less affluent countries, specifically four in Turkey (per capita GDP, 2021: US$9,654) (101) and one in Kosovo (per capita GDP in 2021: US$5,320) (101). In contrast, only two of seven studies reporting higher adherence in men were from less affluent countries, namely Egypt (per capita GDP in 2021: US$4,150) (101) and Lebanon (per capita GDP in 2021: US$3,040) (101). All of the above implies that, while income generally facilitates healthier eating habits, gender roles could modulate this relationship. Again, further studies are necessary to dissect these complex interactions and better understand how economic factors and gender roles may jointly influence dietary behaviors across different socioeconomic and cultural contexts.

The present systematic review also identified a variety of factors potentially influencing changes in adherence to a MD during the COVID-19 pandemic, pointing towards complex relationships and implications for public health. Seven studies showed that older age was associated with an increase in adherence, consistent with results from other studies (102). The three studies suggesting a decrease in adherence to a MD with older age all involved cohorts with a mean age above 65 years (65, 66, 70). This may imply an inverted U-shaped relationship, where adherence to a MD increases with age but declines after a certain age threshold, perhaps due to factors like limited access to appropriate dietary resources, physical restraints, and reduced independence to make one’s own choices (103, 104). Lower adherence to a MD has been associated with dementia, emphasizing the need for targeted nutritional support in older age groups (105).

This analysis additionally revealed that individuals with higher levels of education and secure socioeconomic and occupational status were more likely to adhere to a MD. These factors, combined with physical activity, lower body mass index, and residing in a family home point towards a profile of individuals who have more resources at their disposal and are able to maintain healthier lifestyles even during times of crises, which is in line with the findings from Alkerwi et al. (106). The decline in adherence to a MD during the pandemic, facilitated by factors such as reduced physical activity, increased rates of overweight/obesity, and heightened anxiety, has significant implications for future pandemics and global health crises. Irregular sleep, smoking, and the challenges of living in a city, being single, or caring for family members, indicate a far-reaching impact of the pandemic on public health. Public health policies addressing resource inequities, especially in underrepresented populations are urgently needed. To sustain public health during and in the aftermath of challenging times, it is crucial to provide comprehensive support that includes nutritional education, broad access to healthy foods to counteract food insecurity, the provision of mental health resources, and physical activity programs.

Several limitations should be considered when interpreting the findings of this systematic review. Questionnaire measures of adherence to a MD have the issue of their validity in common, as validation would require a direct observation of food intake to ensure their accuracy (107, 108). Furthermore, even though measurements of MD adherence may be good tools for assessing the desirable dietary behavior as part of the bigger picture (109), MD measures-especially short versions-may not fully capture nuanced changes in dietary patterns within populations. Furthermore, drawing conclusions for populations outside the Mediterranean region based solely on these data is challenging (107); therefore, further research is necessary to understand and validate the applicability of a MD in other populations as well. Additionally, only two studies included participants who identified their gender as different than men or women (57, 58), while they did not report the corresponding results. Consequently, sexual and gender minorities could not be considered adequately in this review. This oversight is significant, as research has shown that underrepresented groups were particularly impacted by the COVID-19 pandemic (110). Unique challenges and vulnerabilities, including greater psychological distress, economic instability, and limited access to healthcare and social support, necessitate tailored interventions. Future interventions should be specifically designed to support such high-risk groups, particularly during times of crisis.

Furthermore, the studies included in this synthesis are predominantly from the early phases of the pandemic (see Figure 2). There is a lack of data after 2021, which impedes drawing any conclusions about the long-term effects of the COVID-19 pandemic on adherence to a MD. Further investigations are necessary to address this gap. Finally, the quality of the included studies is another limitation; only five out of 29 studies met all quality criteria (4, 68, 80, 83, 84).



5 Conclusion

This systematic review aimed to examine gender differences in adherence to a MD during the COVID-19 pandemic and to identify factors influencing adherence. The findings revealed heterogeneous results: seven studies indicated higher adherence in men, 12 in women, and nine showed no significant gender differences. These inconsistencies may be attributed to differences in study sampling, the timing of data collection during the pandemic, and potentially further factors that require future investigation. Older age, higher education levels, higher socioeconomic status, and increased physical activity were associated with greater adherence to a MD. However, MD questionnaire measures may not fully capture nuanced changes in dietary patterns, while studies in populations outside the Mediterranean region are largely missing. In addition, the inclusion of participants who do not identify as a man or woman, or with sexual preferences other than heterosexual was effectively non-existent, thus preventing an adequate consideration of SGM individuals. In conclusion, while this systematic review provides insights into gender differences in MD adherence during the COVID-19 pandemic, it underscores the need for more representative and longitudinal research. Future studies should consider diverse populations, including SGM, and examine long-term dietary patterns to develop targeted nutritional interventions during crises.
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Author, year Measure Country Sample Result regarding gender differences

N (women %) Age (years) Education

Abdelkawy etal, 2023 (57)  MEDAS* (modified?), 1 time point | Egypt N=1,010(77%) <20:86% - Significant changes in daily intake of vegetables, butter,
21-35:67.6% Postgraduate: 31.2% margarine/cream, honey, fish/seafood, cooked vegetables, pasta,
36-50:21.7% Secondary: 6.5% rice between men and women. However, the authors did not

>502.1% report the direction of the effects
- Women significantly increased their intake of homemade
pastries compared to men (39%, p < 0.05)
- Men significantly increased intake of carbonated beverages
(21%,p < 0.05) compared to women
Abreu etal, 2023 (56) MEDAS, 1 time point Portugal N= 1114 (67.7%) Mean: 19.10 University students: 100% - No significant gender differences in adherence to MD
SD:172 - Women exhibited higher MEDAS scores regarding olive oil use
(p=0.049); consumption of fruit (p = 0.011); red meat,
hamburger, or meat products (p < 0.001); butter, margarine, or
cream (p < 0.001); carbonated beverages (p = 0.012); fish/
seafood (p = 0.010), and preferring white meat over red meat
(p<0.001)
Atabilen et al,, 2023 (79) MEDAS, 1 time point Turkey N'=6,609 (69.8%) Range: 18-70 Basic lteracy: 1% - Significant gender differences in adherence to MD (p < 0.001)
‘Women: Primary school: 3% - Men more often exhibited low adherence (38.8%) than
Median: 22.0 Secondary school: 3% women (26.3%)
IQR: 8.0 High school: 16% - Women more often showed moderate (64.6%) and high
Men: University graduates: 73% adherence (9.1%) than men (52.8 and 8.4%)
Median: 23.0 Postgraduate: 4%
1QR: 9.06
Bonaccio etal,, 2022 (65) MedCOVID-19, 1 time point Taly N =4400 (57.7%) 65-75:547% Up to lower secondary: 53.0% - Women had a higher risk of having decreased adherence to MD

>75:45.3% Upper secondary: 37.0% compared to men [OR = 1.86; 95% C
Postgraduate: 10.0%

1.58-2.21)]

Men and women increased their consumption of fruit and nuts,

vegetables, and legumes, and decreased consumption of meat

and meat products during the COVID-19 pandemic

Men increased alcohol consumption more than women

(p=0.027)
Carbayo Herencia etal, 2021 MEDAS (modified), 2 time Spain N =207 (662%) Mean: 513 Primary, secondary, or vocational - Men scored higher regarding adherence to MD compared to
(©6) points SD: 124 training: 15.0% women (p < 0.05)
Range: 20-83 Diploma or degree: 65.2% - Men consumed significantly more wine and pulses per week
Doctorate: 19.5% than women (p < 0.001)

- Increase in adherence to MD observed across the sample during
lockdown with no significant differences by gender (increase
mainly explainable by increased consumption of olive oil fish,
and seafood)

Costarelliand Michou, 2022 MEDAS", 1 time point Greece N'=2029 (75.3%) Mean: 38.90 Up to high school: 15.10% - “The majority of both men (61.1%) and women (70.4%) showed
(55) and Costarelliand SD: 1131 Tertiary education: 56.30% ‘moderate adherence to the MD
Michou, 2023" (56) MSc/PhD: 28.50% - Men and women significantly differed in MEDAS categories

(p<0.001), with 23.6% of men showing low adherence to the
MD compared to 15.7% of women

- Total adherence to MD was greater in women (p

037)

Dogan etal, 2023 (74) MEDAS?, 1 time point Turkey N =949 (66.4%) Mean: 27.1 Non-educated: 2.0% - Medium and higher adherence to MEDAS was reported more
sD:8.2 Primary school: 5.7% frequently in women (medium = 33.3%; high = 20.8%)
Range: 18-59 High school: 32.0% compared to men (medium = 26.3%; high = 13.2%)
University: 60.3% - Men were more likely to show low adherence to MEDAS
(60.5%) compared to women (45.9%)
Fjder and Sanlier, 2023 (50) | MEDAS, I time point Turkey N=1,17 (77.9%) Mean: 27.2 <High school graduate: 10.6% - Nosignificant difference between genders regarding MEDAS
SD: 1044 University graduate: 89.4% score (p=0.067)
Range: 19-65
19-39:72.7%
31-65:27.3%
Garcia-Campanario etal,, MEDAS, 1 time point Spain N=303 Mean: 21.48 University students: 100% - Nosignificant differences between genders regarding
2024 (59) SD:4.57 MEDAS score
Women: - Women consumed less olive oil (p = 0.0071) and greater
Mean: 20,93 amounts of red meat or processed meat (p = 0.0031), and
SD:273 chicken, turkey, or rabbit (p = 0.033) compared to men
Men:
Mean: 21.8
SD:5.34
Garcia-Esquinas etal. 2021 MEDAS, 2 time points. Spain N=3041(57. Mean: 74.5 (varying  University studies: 8.0-22.3% - Nosignificant association between gender and changes in
51 varying across means across cohorts MEDAS scores was observed between the periods before and
cohorts: 49.5- and time points: 69.9- during the confinement
78.8%) 81.5)
Giacalone etal, 2020 (58)  MEDAS, 1 time point Denmark N=2462(71.1%) 18-35:35.3% Bachelor and above: 88.5% - Women had slightly higher adherence to MD than men (mean
36-50:37.2% High school and vocational MEDAS score: 56 v 5.1, p < 0.001)
51-65:23.5% training: 10.8% - Men and women differed in their consumption of vegetables,
65:3.9% Basic education: 0.3% fruit, carbonated beverages, legumes, fish, commercial pastries,
Other: 0.4% homemade pastries, and alcohol, but the effect sizes were small

- Women exhibited a higher increase in the consumption of

commercial pastry (p = 0.001), homemade pastry (p < 0.001),

andalcohol (p = 0.037) compared to men

Gualtieri et al., 2024 (73) MEDAS", 1 time point Taly N'=776 (71.26%) Mean: 43.1 e - No significant differences between genders rega
SD:17.96 score: 9.4% of women and 14.35% of men exhibited low
‘Women: adherence; 62.57% of women and 61.43% of men exhibited
Mean: 428 ‘medium adherence; 28.03% of women and 24.22% of men
SD: 1836 exhibited high adherence to MD
Men: - Women showed higher adherence regarding the consumption of
Mean: 43.84 olive oil (p < 0.01), vegetables (p < 0.001), red meat (p < 0.011),
SD: 1693 and white meat (p < 0.001) compared to men

- Men exhibited higher adherence regarding the consumption of

wine (p < 0.001) and legumes (p < 0.014) compared to women
Gumus etal., 2023 (75) MEDAS', 1 time point Turkey N =820 (76.6%) Mean: 31.3 . - Women reported significantly higher levels of adherence to MD
SD:103 (MEDAS) compared to men (p < 0.001)

Range: 18-65 - Women reported greater increases during the pandemic in the
consumption of dry fruits, fresh vegetables, pasta and grains,
whole grain foods, milk and yogurt, cheese, fsh, legumes, wl
‘meat, homemade food, and homemade pastries, and lower
intake in fast food and takeaway food compared to men
(p<0.05)

Karam et al., 2022 (67) MEDAS, 1 time point Lebanon N = 1,030 (67,5%) 18-25:51.5% High school or less: 16.5% - Men exhibited marginally higher mean adherence to MD
26-44:38.1% University student: 51.2% than women

45-70:10.5% University graduate: 32.3% - Men reported a higher intake of fruits, wine, fish and fish
products, and nuts, whereas women consumed more legumes
and sofrito, and preferred chicken over other meat (p < 0.05)

- Nosignificant differences were found between genders regarding
the consumption of live oil, fruits, red meat, butter/margarine,
sugary drinks, and processed desserts

Kocaay etal., 2022 (76) MEDAS", 1 time point Turkey N =562 (70.3%) Mean: 23,81 Medical students: 100% - MEDAS score was significantly higher in women than men
SD: 111 (p<0.001)
Range: 22-26
Kyprianidou etal, 2021 (%) MedDietScore’, 1 time point Cyprus N = 1,485 (60%) Mean: 35.8 Primary education: 0,3% - More women (36%) than men (29%) showed low adherence to
SD:12 Middle or high school: 17.4% MD; more men (48%) than women (52%) showed higl
18-24: 18.9% University degree: 82.3% adherence to MD (p = 0.02)
25-44:58.1 - Gender was not a significant predictor for the level of MD.
>45:23.1 adherence
Mascherini etal, 2021 (69)  MedDietScore’, 2 time points Italy N= 1,383 (726%) Women: Secondary school: 0.3% - Being a man was associated with adherence to MD [b =
Mean: 29.8 High school: 53.9% 95% CI = (0.14-046)]
sD:122 University: 36.3%
Men: PhD:9.5%
Mean: 332
SD: 145
Mattavelli etal. 2023 (70)  MEDAS, 2 time points Taly N=711(58%) Mean: 68.1 . - Nosignificant gender differences in MEDAS score at baseline
SD: 100 - Aftera4.5-year follow-up, significantly higher reductions in
MEDAS scores in women (~5%) compared to men (~2%,
P <0.001) were found

- Nosignificant gender differences between individuals who
improved and who deteriorated in MEDAS scores from baseline
o follow-up (p=0.12)

- From baseline to follow-up, the consumption of soffito but also
commercial sweets or pastries, and butter, margarine, or cream
increased in men and women

- From baseline to follow-up, greater reduction n olive oil use in
women (~60%) compared to men (~37%), and a larger decrease
in weekly nut consumption in women (~45% compared to
~24% in men) was found

Mulé etal., 2022 (52) KIDMED, 1 time point Ialy N=533(628%) Mean: 21.46 University students: 100% - No significant gender differences in adherence to MD
SD:0.18 - Significant relationship between gender and the consumption of
beer (OR = 0365, p < 0.001) and wine (OR = 0.659, p = 0.027),
with a lower consumption in women
Pavlidou etal, 2023 (75) MedDietScore’, 1 time point Greece N'=3721(50.5%) Mean: 37.6 Mean: 12.2 years of education - Women more frequently exhibited moderate (61.9%) and high
SD:538 SD:28 (62.6%) adherence to MD compared to men (38.1, 37.4%), and

Range: 21-65 were less likely in the low (32.5) and very low (46.2%) MD
compliance quartile compared to men (68.5, 53.8%; p < 0.001)

- Women exhibited a 35% higher probability of greater
compliance to MD compared with men (p = 0.009)

Perez-Araluce etal., 2022 MDS, 1 time point Spain N=9.413 (623%) Mean: 526 Years of university education: - No significant gender differences in adherence to MD
() SD: 124 Median: 5 (p=0471)
IQR:4-5
Rodriguez-Pérez etal, 2020 | MEDAS', 1 time point Spain N'=7,509 (70.6%) <20:3.0% University: 46.4 - Significant gender differences in the level of adherence to the
7 21-35:3.0% Postgraduate: 31.5 MedDiet (low; medium, high) with more women reporting a
36-50: 31.6% Professional: 13.9 higher adherence compared to men (p < 0.001)
51-65:25.7% Primary: 8.2
>65:5.7%
Saleh etal, 2024 (55) MEDAS' (modified?), 1 time point ~ Egypt N =306 (70%) 20-35:83% Postgraduate: 17% - Gender did not significantly affect changes in food consumption
35-50:29% Secondary or less: 7.8% - Decrease in soft drink consumption in men (46.7%) and women
50:1.3% Bachelor: 75% (46.3%; ns.)

- Increase in consumption of fruits and vegetables in men (31.5%)

and women (45.8% n.s.)
Sinchez-Sanchez etal, 2020 | MEDAS", 1 time point Spain N = 1,065 (72.8%) Mean: 387 n. - No statistically significant differences between genders before or
@ SD: 124 during pandemic-related confinement measures
16-25:17.9%
26-40:39%
41-55:329%
56-70:9.8%
271:04%
Scoditti et al., 2024 (72) MEDAS", 1 time point Taly N =748 (57.6%) <39:120% With graduation: 82.1% - Women reported higher adherence to MD than men (p < 0.003)
40-49:36.8% No graduation: 17.9% while working from home
50-59:38.1% - Variation concerning pre-pandemic assessments did not depend
60:13.1% on gender (p = 0.06)
Sulejmani etal, 2021 ( MEDAS", 1 time point Kosovo N=689 (71%) 18-35:71% University: 88% - Women exhibited higher odds of a change in their adherence to
36-50: 19% Lower: 12% MD during the lockdown (OR: 5.17), representing a higher
251:10% adherence compared to men
Sumalla-Cano et al, 2022 MEDAS', 1 time point Spain N =168 (66.7%) <20years:32.1%  University students: 76.8% - Medium/High adherence to MD during confinement was highly
&) 21-35 years: 47.6% | Research Professors: 14.9% frequent in men (82.1%) and women (77.6%)
>36years:202% | Administrative Staff (8.3%) - Low adherence to MD in 22.3% of women and 17.8% of men

- Significantly higher consumption of fish and seafood (15.9%) in
women compared to men (p < 0.05)

- Higher increase in the number of consumed meals per day in
women compared to men (17.9%, p = 0.077)

Turki etal., 2022 (54) MEDAS, 1 time point Tunisia N = 1,082 (74.3%) Mean: 32.5 Not graduated: 0.4% - Nosignificant gender differences in mean MEDAS score
SD:120 Primary school: 0.8% (p=024)
20-25:31.3% Secondary school: 7.0% - Equal distribution of adherence to MD categories between men
25-60: 63.9% University: 91.8% and women (p = 0.433)
260:4.8%

MEDAS, Mediterranean Diet Adherence Screener; MedCOVID-19, Mediterranean COVID-19 Pandemic Score; MedDietScore, Mediterranean Diet Score; KIDMED, Mediterranean Diet Quality Index in children and adolescents; MDS, Mediterranean Diet Score; OR,
odds ratio,

Retrospective self-report of pre-pandemic and pandemic nutritional behavior.

“The studies by Costarelliand Michou (55) and Costarelli and Michou (56) refer to the same sample and are therefore combined in this tabl.

‘Wine consumption was excluded due to the low general intake in Egypt,as alcohol is prohibited in Islamic countries

“The question on wine intake was excluded due to ethical concerns, as the question was considered to potentially encourage greater alcohol consumption during the lockdown phase. Please refer to the main text for more de
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Factors associated with a decrease

in adherence to a MD during
COVID-19

Factors associated with an increase in
adherence to a MD during COVID-19

Factors with contradictory evidence
regarding adherence to a MD during
COVID-19

- Havinga PhD (57)

- Lower physical activity (77)

- Overweight/obesity (76, 75)

- Current smoking (65, 75)

- Being unmarried, divorced, or widowed (65)

- Having children in care (77)

- Living in areas with more than 50,000
inhabitants (65)

- Having one or more daily meals out of home (77)

- General angiety (75)

- Anxiety associated with COVID-19
pandemic (74)

- Getting up/sleeping late (52)

MD, Mediterranean diet.

- Higher education (57, 63-67, 77)

- Studying ecotrophology (71)

- Higher socioeconomic status (65)

- Higher occupational status (65, §1)

- Higher income (7)

- Higher household welfare (75, §1)

- Livingin rural areas (75)

- Physical activity (67, 68,77, 78, 81)

- Lower body mass index (58)

- Livingina family home/not alone (57, 71, 76)
- Having no daily meal out of home (87)

- Better general health (31)

- Moderate consumption of alcohol (51)

- Lower intake of fried foods, alcohol, fast food, and

snacks (77)

- Waking up early and going to bed early (52)
- Adequate sleep quality (75)

- Older age:
« Increase (58, 67, 77, 79, 80, 84, 87)
« Decrease (65, 70, 81)
- Younger age:
« Increase (69)
« Decrease (87)
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Topic Medical subject heading
(MeSH)

Eating behavior, body image ((diet[Title/Abstract]) OR (nutrition|Title/
Abstract]) OR (binge* Title/ Abstract]) OR
(eating behavio® [Title/ Abstract]) OR (eating
habit*[Title/Abstract]) OR (eating
disorder*[Title/ Abstract]) OR (disordered
eatingTitle/ Abstract]) OR (body
*satisfaction|Title/Abstract]) OR (body
image[Title/Abstract])) AND

Sexand gender ((gender*[Title/ Abstract]) OR (sex[Title/
Abstract]) OR (men|Title/Abstract]) OR
(women(Title/Abstract]) OR (trans* [Title/
Abstract]) OR (Igb{Title/ Abstract]) OR
(Ight*[Title/ Abstract]) OR (intersex*[Title/
Abstract]) OR (*binary[Title/ Abstract]) OR
(queer[Title/ Abstract]) OR (male{ Title/
Abstract]) OR (female[Title/ Abstract]))
AND

COVID-19 ((sarscov[Title/Abstract]) OR
(pandem*[Title/Abstract]) OR (COVID-
19][Title/Abstract]) OR (corona®[Title/
Abstract]) OR (lockdown(Title/ Abstract])
AND

Language ((English[Language]) OR
(German(Language])) AND
Time (2019:2024(pdat])

The asterisk (*) serves as  wildcard to substitute for 0 or more characters, capturing various
word variations (e.g. “behavio*” includes “behavior; “behaviour? “behavioral” etc.)
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Abdelkawy et al., 2023 (57) Yes Yes ? No Yes ?

Abreu etal, 2023 (56) Yes Yes No No Yes Yes
Atabilen et al., 2023 (79) No Yes No Yes Yes Yes
Bonaccio etal,, 2022 (65) Yes Yes Yes Yes Yes
Carbayo Herencia et al. 2021 (66) No Yes Yes No Yes Yes
Costarelli and Michou, 2022 (55) Yes Yes Yes No Yes Yes
Costarelli and Michou, 2023 (56) Yes Yes ? No Yes Yes
Dogan etal,, 2023 (74) Yes Yes ? No Yes Yes
Ejder and Sanlier, 2023 (50) Yes Yes Yes Yes Yes Yes
Garcia-Campanario et al, 2024 (59) Yes Yes No No Yes Yes
Garcia-Esquinas etal,, 2021 (51) Yes Yes Yes ? Yes Yes
Giacalone etal, 2020 (55) Yes Yes ? No Yes Yes
Gualtieri et al., 2024 (73) Yes Yes Yes Yes Yes Yes
Gumus etal., 2023 (75) Yes Yes No No Yes Yes
Karam etal., 2022 (67) Yes Yes Yes Yes Yes
Kocaay etal., 2022 (76) No Yes Yes Yes Yes Yes
Kyprianidou etal, 2021 (65) Yes Yes Yes Yes Yes Yes
Mascherini etal., 2021 (69) Yes Yes Yes Yes Yes
Mattavelli et al,, 2023 (70) ? No Yes No Yes Yes
Mulé etal., 2022 (52) : Yes Yes ¢ Yes Yes
Pavlidou etal, 2023 (75) Yes No Yes Yes Yes Yes
Perez-Araluce etal., 2022 (3) Yes Yes Yes Yes Yes Yes
Rodriguer-Pérez etal., 2020 (77) Yes Yes No No Yes Yes
Saleh etal, 2024 (55) Yes Yes Yes No No Yes
Sinchez-Sinchez et al., 2020 (1) Yes Yes Yes Yes Yes Yes
Scoditt et al,, 2024 (72) Yes Yes Yes Yes Yes Yes
Sulejmani etal, 2021 (57) Yes Yes ? 2 Yes Yes
Sumalla-Cano etal, 2022 (71) No Yes Yes No Yes Yes
Turki et al,, 2022 (84) Yes Yes Yes Yes Yes Yes

Unclear: Since the exposure condition in the present review was the COVID-19 pandemic, the aspect” Was the exposure measured in a valid and reliable way?” was omitted from the quality assessment.Similarly, a the review focused on the general population and
excluded clinical groups, the question” Were objective, standard criteria used for measurement of the condition?” was also omitted.
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