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Background: Developing Sustainable Food-Based Dietary Guidelines (SFBDGs) aligned with sustainable healthy diets (SHDs) is critical for addressing food and nutrition insecurity, mitigating diet-related diseases, improving public health, and promoting environmental sustainability. Lebanon, a low-middle-income Eastern Mediterranean country, faces significant challenges including high prevalence of food insecurity, wide-spread noncommunicable diseases, limited natural resources and ongoing economic, social and environmental crises.

Objective: To develop culture-specific SFBDGs for Lebanon aligned with recommendations for SHDs, integrating nutrition, health, economic, and environmental factors.

Methods: The SFBDGs were formulated using a diet optimization mathematical tool, Optimeal®, which generates patterns resembling current diets while satisfying nutritional, health, cost, and environmental footprint (EFP) constraints. Data from the latest national food consumption survey of Lebanese adults served as the reference for current food consumption pattern. Nutritional and health constraints were based on EAT-Lancet and World Health Organization (WHO) recommendations and Dietary Reference Intakes (DRIs). Cost constraints were maximized to match the cost of food groups within the current consumption pattern, while EFP constraints were based on the environmental impact of these food groups. The optimized consumption was later translated into SFBDGs.

Results: Compared to current national consumption, the optimized diet recommended increases in whole grains (+287%), dairy products (+61%), legumes (+50%), and fish (+26%) and reductions in refined grains (−66%), red meat (−65%), poultry (−32%), and added sugars and fresh fruit juices (−12%). Diet optimization led to a reduction in calorie intake (−6%) and EFPs, including greenhouse gas emissions (−24%), energy use (−7%), and water use (−6%), while maintaining cost.

Conclusion: The developed optimized diet and resulting Lebanese SFBDGs addressed nutrition, health, economic, and environmental sustainability of current food consumption pattern, providing a scientific foundation for policies promoting SHDs that are affordable and culture-specific, which can mitigate food insecurity and malnutrition and alleviate some of the country’s challenges.
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1 Introduction

The development of national Sustainable Food-Based Dietary Guidelines (SFBDGs) has become crucial in addressing the growing challenges of food insecurity, nutritional adequacy, environmental degradation, and public health (Food and Agriculture Organization of the United Nations, 2015; Food and Agriculture Organization and World Health Organization, 2019). Globally, around 30% of the population is experiencing moderate or severe food insecurity (Food and Agriculture Organization of the United Nations, 2024b), and 88% of countries grapple with a serious burden of either two or three forms of malnutrition (Food and Agriculture Organization of the United Nations, 2019). In 2023, approximately 9.1% of the world’s population was undernourished (Food and Agriculture Organization of the United Nations, 2024b), and in 2022, 43% of adults were overweight or obese (World Health Organization, 2024a). As global populations grow and resources dwindle, food systems fall under unprecedented pressure to deliver diets that are not only nutritionally adequate, but also economically feasible and environmentally sustainable (Moscatelli et al., 2016; Food and Agriculture Organization of the United Nations, 2018b; Aguirre-Sánchez et al., 2023). One approach to achieving this purpose is to foster the adoption of sustainable healthy diets (SHDs) through the development and implementation of SFBDGs (Gazan et al., 2018; Food and Agriculture Organization and World Health Organization, 2019; Wilson et al., 2019; Rocabois et al., 2022). By developing and adopting context-specific SFBDGs, countries can develop and adopt policies that foster resilient agriculture systems, support sustainable food availability, affordability, and nutritional adequacy, improve health, address economic constraints, and mitigate climate change (Food and Agriculture Organization and Food Climate Research Network, 2016; Ahmed et al., 2019; Brink et al., 2019; Food and Agriculture Organization and World Health Organization, 2019). This holistic approach contributes to achieving the Sustainable Development Goals (SDGs), particularly SDG 3 (Good Health and Wellbeing), SDG 11 (Sustainable Cities and Communities), SDG 12 (Responsible Consumption and Production), and SDG 13 (Climate Action) (United Nations, 2024b).

Lebanon, a lower-middle-income country in the Eastern Mediterranean region, is affected by intertwined public health, economic, political, social, and environmental crises, resulting in overwhelming food insecurity affecting 67% of the population, with 44% classified in phase 2 (stressed), and 23% in phase 3 and above (crisis or above) (Integrated Food Security Phase Classification, 2024). Key drivers of Lebanon’s food insecurity include the triple-digit inflation, severe currency depreciation, decline in humanitarian food assistance, unsustainable food consumption habits, defective food system and policies, in addition to debilitating conflict and political instability (Integrated Food Security Phase Classification, 2024; Lebanese Parliament Department of Research and Studies, 2024). Concurrently, Lebanon is facing a double burden of malnutrition with 9.6% of its population being undernourished in 2021–2023 (Food and Agriculture Organization of the United Nations, 2024b), and 64.9% having overweight or obesity in 2016–2017 (Lebanese Ministry of Public Health and World Health Organization, 2017). In parallel, the country harbors a high burden of non-communicable diseases (NCDs), with a prevalence of 52.4% among adults in 2024 (El Haidari et al., 2024), accounting for 91% of all deaths among the population in 2016 (World Health Organization, 2018). This heavy burden of malnutrition and diet-related diseases is partly driven by the gradual change in food consumption, also known as the “nutrition transition,” from the traditional Lebanese Mediterranean Diet to the Westernized dietary patterns (Naja et al., 2019; Hwalla et al., 2021). Besides the adverse health effects of Westernized diets, studies in Lebanon have also shown that they are associated with high environmental footprints (EFPs) (Naja et al., 2018). The shattered economic situation may also exacerbate these dietary shifts, as many households increasingly turn to cheaper, less nutritious food options due to rising food prices and diminished purchasing power (Iacoviello, 2019; American Society of Nutrition, 2021). This is particularly concerning given Lebanon’s limited natural resources, including water and energy, along with soil degradation, pollution from agrochemical overuse, high production costs, and low plant productivity (Food and Agriculture Organization of the United Nations, 2021). Previous attempts to produce a SHD for Lebanon (Hwalla et al., 2021) did not result in the development of SFBDGs for the country.

It is in this context that this study was conducted, with the aim of developing a priority set of SFBDGs for Lebanese adults, by defining a nutritionally adequate, healthy, culturally acceptable, affordable, and sustainable dietary pattern, identifying modifications to current food consumption practices, and proposing feasible tradeoffs.



2 Methods

To identify and formulate the priority set of SFBDGs for adults in Lebanon, an optimization mathematical approach was employed, using the Optimeal® software version 3.0. Developed by Blonk Sustainability, Optimeal® is an advanced dietary optimization tool used in projects addressing multiple factors such as nutritional, health, and sustainability parameters (Blonk Sustainability, 2024). It integrates food consumption data, nutritional requirements, cost, and environmental constraints to generate optimized diets that maintain cultural dietary habits.

The objective function Z represents the goal of the optimization, expressed as:
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• n is the total number of food items,

• ci represents the environmental impact, the cost coefficient for each food or the nutrient content of the food item

• xi represents the quantity of each food item included in the diet.

In the model, the input data included current food consumption, while the constraints around the objective function Z are set to meet required limits for food groups consumption, nutritional adequacy, cost, and environmental footprints, as will be detailed in this section.

Quadratic programming was used in this study, because it tends to provide more realistic outcomes. Every deviation from the current diet incurs a penalty (Blonk Consultants, 2019). The optimization process aims to minimize these penalties. This approach is based on the idea that diets closer to the current are more achievable, as consumers are generally reluctant to make drastic changes to their dietary habits (Blonk Consultants, 2019). In linear programming, penalties are applied in a linear manner, meaning each change results in the same penalty. In contrast, quadratic programming results in penalties in a quadratic manner, so the penalty increases with the extent of the change. While linear programming typically results in large changes to a few products, quadratic programming leads to smaller changes across a wider range of products.

Current national food consumption data were retrieved from the most recent national food consumption cross-sectional survey conducted among Lebanese adults aged between 18 and 64 years old (n = 444) in year 2022 (Hoteit et al., 2024). Details about the protocols used in this survey are available elsewhere (Hoteit et al., 2024). This data reflects the cultural dietary habits of the population, aiming to generate a diet that closely resembles these patterns. By anchoring the model in actual dietary behaviors, the optimization process generates recommendations that are not only nutritionally adequate and sustainable but also practical within the Lebanese cultural context.

The nutritional adequacy constraints were operationalized according to macro and micronutrient intake. Macronutrient constraints used were derived from the Institute of Medicine (IOM) acceptable macronutrient distribution range (AMDR) (Institute of Medicine, 2005) with carbohydrate, fat, and protein intakes (g/day) being restricted to provide a maximum of 2,000 kcal/day, which is the current energy intake based on the latest food consumption survey excluding food groups that are not recommended in any amounts (sweets, sugar-sweetened beverages, salty snacks, and processed meat) that account for 11% of the total energy intake. Micronutrient constraints used were based on the Estimated Average Requirement (EAR) as minimum and the Tolerable Upper Intake Level (UL) as maximum (Table 1). Since Lebanon lacks national standards for nutrient adequacy, we adopted the IOM recommendations, which are internationally recognized and commonly used when country-specific guidelines are unavailable (Hwalla et al., 2021; Nasreddine et al., 2022). This also ensures comparability with global recommendations.



TABLE 1 List of energy and nutrient constraints used in the optimization calculations for the development of a sustainable healthy diet for Lebanese adults.
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Minimum and maximum constraints for daily food groups’ intakes were set to align with the EAT-Lancet commission (Willett et al., 2019) and WHO recommendations (World Health Organization, 2020) (Table 2) which take into account the role of food groups in either protecting against (Reynolds et al., 2019; Chen et al., 2022; Mendes et al., 2023; World Health Organization, 2023a; Zhao et al., 2023; Torheim and Fadnes, 2024) or contributing to the development of NCDs such as cardiovascular disease, Type 2 diabetes, and certain cancers (Yang et al., 2022; Ma and Qi, 2023; Reynolds et al., 2022). As such, these constraints address major health considerations, particularly in Lebanon, where NCDs are highly prevalent. Economic feasibility (based on the cost of each food group), was also taken into consideration in the optimization exercise. Table 2 provides the list of food groups included in the dietary optimization, their daily constraints as well as the rationale for adopting these constrains.



TABLE 2 List of food groups daily constraints used in the optimization calculations for the development of a sustainable healthy diet for Lebanese adults based on their current consumption.
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In addition, the cost constraints for the overall optimized diet were set to match the cost of the current diet as the maximum limit (Table 3). The latter was calculated based on the “mini basket” report issued by the Lebanese Ministry of Economy and Trade (MoET) in May 2024 (Lebanese Ministry of Economy and Trade, 2024) and from averaging the cost of individual food items from many supermarkets in Lebanon for foods that were not reported by the MoET.



TABLE 3 Maximum constraints for cost and environmental footprints of the sustainable and healthy diet.
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EFP constraints were set according to the EFPs of the current consumption pattern (Naja et al., 2019) (Table 3). Energy use (in Megajoule), water use (in Liter), and greenhouse gas (GHG) emissions (in Kilogram of carbon dioxide-equivalents) per kilogram of each food group or subgroup included in the national consumption were extracted from Hwalla et al. (2021), where EFPs were computed using Life Cycle Assessments (LCAs).

Using all the aforementioned constraints, the Optimeal® derived a dietary pattern which met the recommendations for food groups, macro and micronutrients, cost and EFPs. As such the optimized diet was considered a sustainable and healthy dietary pattern for Lebanese adults. Based on this dietary pattern, and in comparison with the current consumption, a set of priorities for the SFBDG was identified, using an expert panel consisting of a public health nutritionist, a food policy expert, and a nutritional epidemiologist. The process began with clearly defining the study objectives. They reviewed the data on current food consumption and compared it with the output generated by the Optimeal® optimized diet. Through structured discussions, they critically assessed the differences, weighing different perspectives and potential strategies to bridge the gap between them. The panel then engaged in consensus-building, using their collective expertise to prioritize actionable recommendations. This collaborative and iterative approach ensured that the recommendations are both scientifically robust and practical for implementation. This process of defining a nutritionally adequate, healthy, culturally acceptable, affordable, and sustainable dietary pattern, was adapted from Brink et al. (2019), and is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Outline of the development process of Lebanese SFBDGs. Source: Adapted from Brink et al. (2019), licensed under CC BY 4.0




3 Results

Table 4 presents the optimized diet for Lebanese adults and identifies the recommended food groups for a sustainable and healthy diet. It presents the quantities of food groups to be consumed within the optimized diet and the percent change from the current consumption levels (when applicable). Accordingly, food groups that require change in their consumption levels are ranked in the table based on the magnitude of percent change.



TABLE 4 Quantities of food groups that comprise the optimized diet for the Lebanese adults and percent change from current consumption.
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Compared to the current consumption, the optimized diet revealed the need for a substantial increase in the intake of whole grains (+287%), as well as dairy products (+61%), legumes (+50%), and fish (+26%), while indicating the need for reductions in the consumption of refined grains (−66%), red meat (−65%), poultry (−32%), and added sugars and fresh fruit juices (−12%). Notably, the optimized diet recommended 185.6 g/day of grains, divided equally between refined and whole grains (92.8 g/day each).

Table 5 presents the energy (kcal), nutrient composition, environmental footprints, and cost of the optimized diet as well as percent change from current consumption levels. The optimized diet resulted in a 6% reduction in total calorie intake, with a 13% decrease in carbohydrate intake and an 11% increase in total fat intake. Protein intake increased slightly by 5%. The optimized diet also showed a notable decrease in trans-fat (−58%) while increasing fiber (+11%) and calcium (+40%) intakes. The decrease in some micronutrient levels, such as iron (−22%) and vitamin B12 (−23%), remained within recommended limits ensuring adequate consumption. The optimized diet maintained an overall cost at $5.90 per day (similar to the current diet), while reducing the environmental impact. Greenhouse gas emissions decreased by 24%, energy use by 7%, and water use by 6%.



TABLE 5 Energy, nutrient composition, environmental footprints, and cost of the optimized diet and percent change from current consumption.
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The developed key messages of the SFBDGs are summarized in Table 6. These guidelines emphasize partially shifting the consumption of refined to whole grains, increasing the intake of legumes and dairy products, reducing red meat and poultry consumption, incorporating more fish into the diet, and limiting added sugars and fresh fruit juices’ consumption. The recommendations were translated into practical serving sizes to facilitate adherence among Lebanese adults.



TABLE 6 Key messages of the sustainable food-based dietary guidelines for Lebanese adults.
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Detailed information on the conversion of the optimized daily amounts of food groups from grams to practical servings in the SFBDGs for Lebanese adults is shown in Supplementary Table 1.



4 Discussion

This paper presents the process, rationale and results of the development of SFBDGs for Lebanon, which to our knowledge, is the first country from the MENA region to develop culture-specific SFBDGs that holistically address nutritional adequacy, health challenges, economic factors, and environmental constraints. The originality of the study lies in the fact that it adopted a process which integrated model-based and data-driven components with expert judgment, thus providing a framework that can be adopted by other countries in the region that share similar local socioeconomic and health contexts. The proposed SFBDGs include a set of eight priority guidelines.

The results of the diet optimization underscore the need for a substantial increase in the consumption of whole grains, dairy products, and legumes, coupled with reductions in the consumption of refined grains, red meat, and added sugars and fresh fruit juices. These findings are in line with results reported by other diet optimization studies conducted in France (Clerfeuille et al., 2013), Sweden (Vieux et al., 2018), Tunisia (Verger et al., 2018; Perignon et al., 2019), and globally (Liu et al., 2024b), and with available research showing that dietary patterns that are richer in plant-based foods — such as whole grains and legumes—can improve health and reduce environmental footprints (Dietary Guidelines Advisory Committee, 2015; Willett et al., 2019). Growing evidence indicates that, unlike refined grains (United States Department of Agriculture, 2023), the consumption of whole grains, rich in dietary fiber, vitamins, minerals, phytochemicals, and other bioactive compounds (Zong et al., 2016), is associated with a reduced risk of all-cause mortality and various NCDs (Reynolds et al., 2019; Liu et al., 2024a). In a recent systematic review, Reynolds et al. (2019) reported clear dose–response relationships between whole grain intake and decreased incidence of coronary heart disease, type 2 diabetes, and colorectal cancer (Reynolds et al., 2019). In our study, the optimized diet recommended an increase in the consumption of whole grains by 68.8 g which could be achieved by shifting an equivalent amount from the consumption of refined grains. Accordingly, the optimized intake level of whole grains as obtained in our study (92.8 g/day) is closely aligned with the recent Nordic Nutrition Recommendations (90 g/day) (Blomhoff et al., 2023).

The optimized diet also showed the need to increase the consumption of legumes paralleled by decreases in meat intakes compared to current consumption levels. This is aligned with numerous studies that highlighted the positive health benefits of partly replacing meat with legumes (Röös et al., 2020; Gazan et al., 2021; Würtz et al., 2021; Kaartinen et al., 2022). The optimized reduction in meat, coupled with an increased intake of legumes aligns with the EAT-Lancet recommendations for legumes and meat (Willett et al., 2019). In addition, the quantities of both meat and legumes included in our optimized diet are in line with the EAT-Lancet dietary recommendations, hence indicating an overall adequate protein intake. Recent studies have also highlighted legumes as a “one of the most promising sources of sustainable alternative animal proteins,” especially when consumed within a varied and balanced diet (Zhang et al., 2024). Besides their protein content, legumes are also rich in dietary fiber and various bioactive compounds, including phytosterols and polyphenols (Ganesan and Xu, 2017). Given their anti-inflammatory, antihypertensive, and antioxidant properties (Juárez-Chairez et al., 2022; Naureen et al., 2022), legumes were in fact shown to improve insulin sensitivity, promote healthier cardiometabolic profile and enhance gut microbial diversity (Marinangeli et al., 2020; Yanni et al., 2023). Meta-analyses have consistently demonstrated an association between higher legume consumption and a reduced risk of mortality, obesity, and NCDs, including cancer (Torheim and Fadnes, 2024). The decrease in the consumption of red meat, is supported by numerous recent studies showing that the overconsumption of red meat carries “the greatest combined negative impact on environmental and human health” (Rust et al., 2020). It was in fact estimated that the environmental impact of producing ruminant meat—considering factors like land use, eutrophication, energy consumption, GHG emissions, and acidification potential—is 100 times higher than that of a plant-based diet (Clark and Tilman, 2017).

Although dairy production can also cause considerable adverse environmental effects (including water, soil, GHG emissions and air pollution) (Hoang et al., 2023), our study results recommended to increase the intake of dairy products as part of a sustainable and healthy diet, given that dairy products play an essential role in meeting nutrient recommendation, that are not easily met by other foods (such as Calcium), reducing the risk of certain chronic diseases (Chen et al., 2022), strengthening bones and muscles, lowering blood pressure and blood lipids, and helping to prevent diabetes and obesity (Rizzoli, 2014; United States National Heart Lung and Blood Institute, 2021; Mulet-Cabero et al., 2024). It is important to acknowledge that the recommended increases in dairy products reached a level of approximately 300 g/day, which is still in line with the EAT-Lancet recommendation of 0–500 g/day for a 2,500 kcal diet (or 0–400 g for a 2000 kcal diet, i.e., the reference diet in our study) (Willett et al., 2019). In this study, the optimized diet provided 100 g/week fish, which falls within the range of 100–125 g/week that was specified by Brink et al. (2019) in the Netherlands, while exceeding the current consumption levels in Lebanon (80 g/week). Although fish exerts numerous positive health effects (Zhao et al., 2023), its consumption is also associated with a high ecological burden, which constrains further increases in its intake levels. According to the Food and Agriculture Organization (2024), the fisheries and aquaculture sector faces critical challenges, including climate change, natural disasters, water scarcity, pollution, biodiversity loss, and rising consumption. Increased demand has led to intensified production, contributing to unsustainable practices, illegal, unreported, and unregulated fishing, and overfishing. In line with global sustainability efforts, this study highlights the importance of consuming fish species that are not overfished or that are farmed through environmentally sustainable methods. This approach supports Sustainable Development Goal 14, “Life Below Water” (United Nations Goal 12, 2024a) reinforcing the need for responsible and sustainable fish consumption. Additional constraints in relation to fish were related to its cost in the local context of Lebanon, where approximately 90% of the fish and seafood market depends on imports (United Nations Development Programme, 2023). Similarly, given that the prioritization of specific food groups in this study was driven by nutritional, economic, and environmental considerations, while also resembling, as much as possible, current food consumption patterns in Lebanon, the minimum constraint for nuts and seeds was set at 5 g (to mirror the current consumption level and avoid increasing the economic burden on the Lebanese consumers) while the maximum was set at 16.2 g, as identified by Afshin et al. (2019) based on the global burden of disease data.

Overall, this study identified necessary adjustments to current food consumption patterns based on new dietary data obtained amidst Lebanon’s severe and compounded economic and societal crises. Over the past 13 years (since the last food consumption survey in 2008/2009), Lebanon has endured a devastating economic downturn, leading to a sharp rise in the cost of living—most notably in food prices (Integrated Food Security Phase Classification, 2024). As a result, food choices have shifted toward more accessible and affordable options. Previous research on sustainable diets in Lebanon (Hwalla et al., 2021) relied on the 2008/2009 national food consumption data collected before the crises, making it an unsuitable basis for developing SFBDGs. However, one persistent dietary hallmark can be seen in both studies, which is the low consumption of whole grains. Despite recommendations stemming from both the 2008/2009 and 2022 data to increase whole grain intake, refined grains continue to dominate Lebanese diets, highlighting an ongoing dietary challenge.

In terms of nutrients, the optimized diet resulted in a 58% decrease in trans-fat intake compared to the current diet. This is particularly important, as the WHO recommends that trans-fat intake should be <1% of total energy (World Health Organization, 2023b) given its adverse effects on blood lipids and the risk of cardiovascular disease (Islam et al., 2019; World Health Organization, 2024b). Another benefit of the optimized diet is an increase in fiber intake, a nutrient that has been consistently linked to significant reductions in the risk of obesity and NCDs (Partula et al., 2020; Waddell and Orfila, 2023), as well as all-cause and cause-specific mortality (Ramezani et al., 2024). Plausible mechanisms include reducing carcinogen exposure in the intestinal lumen by accelerating transit time, promoting satiety through cholecystokinin stimulation, and modifying the composition and function of the gut microbiome (Ramezani et al., 2024). The optimized diet also increased calcium intake to meet the EAR level, thus supporting cardiometabolic, neuronal, and bone health (Harvard School of Public Health, 2023). It is important to note that, while some micronutrient levels were found to decrease in the optimized diet, their intake levels remained within the established constraints, ensuring that nutritional needs are met. This is in line with studies showing that diet optimization can design a range of diets that meet individual micronutrient requirements (Leonard and Kiely, 2024).

In this study, the same cost of the current national diet was used to develop a healthier, economically feasible, and sustainable diet. This corroborates previous research demonstrating that a healthier and more environmentally friendly diet does not have to be more costly (Conforti and D'Amicis, 2000; Germani et al., 2014; Masset et al., 2014; Perignon et al., 2017; Hwalla et al., 2021; Springmann et al., 2021; Pais et al., 2022). The proposed diet in our study was associated with an overall 6% decrease in water use, 7% decrease in energy use, and 24% decrease in GHG emissions, highlighting its potential to promote sustainability without increasing financial burden on consumers. This is consistent with previous studies indicating that diet optimizations using nutritional and environmental parameters, with minimum deviation from current food consumption patterns, can lead to decreases in carbon and water footprints (ranging from 8.3 to 27% for water footprint and up to 15% for GHG emissions, depending on the stringency of the constraints) (Yin et al., 2021; Verly-Jr et al., 2022; Liu et al., 2024b).

Based on the diet optimization exercise, SFBDGs were proposed in this study and included a priority set of eight dietary guidelines. These guidelines are largely similar to those included in SFBDGs from other countries, in that they promote higher intakes of legumes and whole grains, while limiting the intake of red meat, poultry, added sugars and fruit juices (Food and Agriculture Organization and Food Climate Research Network, 2016; Brink et al., 2019). Besides its contribution to environmental sustainability, a dietary pattern in line with the proposed SFBDGs plays an essential role in supporting long-term health for reasons that go beyond the benefits of each food group alone (Tapsell et al., 2016; Natarajan et al., 2019). In fact, the interactions and potential synergies between the nutrients provided by the various food groups play a crucial role in enhancing nutritional status, overall health outcomes, and disease prevention (Townsend et al., 2023). Unlike other published SFBDGs (Food and Agriculture Organization and Food Climate Research Network, 2016; Konde et al., 2015; Brink et al., 2019), the priority set of SFBDGs developed in this study did not recommend an increase in fruits and vegetables’ intakes. This is because current consumption levels of fruits and vegetables among Lebanese adults align with the recommendations, highlighting the Mediterranean qualities of the Lebanese diet, which is notably abundant in fresh produce (Naja et al., 2015). Transitioning from the current consumption pattern to one that aligns with the proposed SFBDGs is also essential for food security and is crucial for achieving the SDGs, which emphasize responsible consumption and production patterns to ensure food and nutrition security within sustainable food systems (United Nations, 2024b; Hwalla et al., 2021). The derivation of the optimized diet incorporates environmental sustainability, which is now acknowledged as the fifth dimension of food security (El Bilali et al., 2019; Fanzo, 2019; Clapp et al., 2022), and is particularly important for Lebanon, a country that has a high burden of food insecurity (Integrated Food Security Phase Classification, 2024) and harbors a double burden of malnutrition (Lebanese Ministry of Public Health and World Health Organization, 2017; Food and Agriculture Organization of the United Nations, 2024b). The SFBDGs developed in this study provide quantified recommendations with practical serving sizes to enhance adherence among Lebanese adults. Incorporating environmental sustainability into FBDGs has gained global recognition in recent years. A 2022 Lancet review found that 37 out of 83 countries (45%) explicitly mention environmental sustainability in their FBDGs, covering approximately 17% of the world’s population (James-Martin et al., 2022). However, the extent of sustainability integration varies significantly, with most guidelines offering only general descriptions of sustainable diets rather than concrete, actionable recommendations. Few FBDGs provide detailed guidance on the implementation of sustainable dietary practices, underscoring the need for more comprehensive and practical approaches in future guideline development.

In light of these findings, it is crucial to emphasize the need for coordinated efforts to promote a dietary pattern aligned with the SFBDGs. This requires the involvement of all stakeholders—local, national, regional, and global—encompassing both public and private sectors and spanning multiple areas, including agriculture, trade, policy, health, and education, among others (Food and Agriculture Organization of the United Nations, 2018b). As such, adopting a food-systems approach that involves thinking and acting holistically, considering the entire food system—including all its elements, their interconnections, and their impacts, is warranted (Food and Agriculture Organization of the United Nations, 2018b). This approach emphasizes leveraging key entry points within the food system to promote SHDs (Food and Agriculture Organization of the United Nations, 2018a; International Food Policy Research Institute, 2024). This study provides SFBDGs for the Lebanese population and thus sets the stage for a food system transformation, the identification of intervention entry points (Food and Agriculture Organization of the United Nations, 2024a), and the prioritization of policy options through a consensus-building process with key stakeholders, thus paving the way for “better diet-related practices and, subsequently, better health, better nutrition, and more sustainable and equitable food system” (Food and Agriculture Organization of the United Nations, 2024a).

This study has several strengths, notably being the first to develop SFBDGs in the MENA region, while taking into account health, economic and environmental considerations. Additionally, this study used Optimeal®, a diet optimization tool that employs advanced mathematical techniques to generate diets based on a range of complex parameters. This tool has been validated and successfully implemented in various contexts (Temme et al., 2015; Kramer et al., 2017; Kramer et al., 2018; Brink et al., 2019; Broekema et al., 2020). Furthermore, this study used the latest available national food consumption data for Lebanese adults, published in 2024. However, the study’s findings ought to be considered in light of the following limitations. Notably, Vitamin D was excluded as a nutritional constraint from the diet optimization process due to its naturally low levels in available foods and beverages, and the limited fortification of vitamin D in dietary products on the Lebanese market (Diana et al., 2016). Moreover, the EFPs used in this study were estimated using LCAs from other countries due to the lack of data specific to Lebanon. Despite that, efforts were made to use LCAs from neighboring MENA countries or from countries with similar climate and environmental conditions to Lebanon. Finally, the developed SFBDGs focused on food-related aspects and it was beyond the scope of this study to address other aspects such as body weight, physical activity or food safety that are usually included in FBDGs.



5 Conclusion

This study provided SFBDGs for Lebanese adults, integrating health, economic, and environmental factors. These findings provide a scientific basis for interventions and policy development that can partially mitigate the country’s challenges. Adopting a multi-sectoral food system approach, is warranted to ensure comprehensive and sustainable improvements in dietary practices in line with SFBDGs.
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Unit Maximum constraint

Cost Dollar () 59
GHG emissions Kilogram of carbon dioxide-equivalents (kg CO2eq) 221
Energy use Megajoule (M]) 216
Water use Liter (L) 1,620

“Cost constraints were maximized to match the cost of food groups within the current consumption pattern, while environmental footprint (EFP) constraints were based on the environmenta
impact of these food groups. Both cost and EFP maimum constraints excluded food groups that are not recommended in any amounts (sweets, sugar-sweetened beverages, saty snacks, and
processed meat).
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Food group Current consumption (g/day) * Optimized diet (g/day) Percent change from current

consumption (%)

Whole grains 2 928 +287%
Dairy products 1845 298 +61%
Legumes 66.85 100 +50%
Fish 1139 143 +26%
All vegetables 206.49 2 +7%
Nuts and seeds 5 517 +3%
Al starchy vegetables 50.48 514 +2%
Refined grains 274 928 -66%
Red meat 4134 143 -65%
Poultry 3421 232 -32%
Eggs 223 20 ~10%
Added sugars and fresh fruit 56.97 499 —12%
juices

Fruits 254.33 243 5%
Unsaturated added fat* 151 151 No change
Saturated added fat" 0 0 No change

“Unsaturated added fat includes olives, avocado, and oils that are liquid at room temperature (e.g, olive, sunflower, canola, and corn oi).‘Saturated added fat includes butter, ghee, lard,
coconut oil and palm oil. ‘Current consumption (g/day) reported by Hoteit et al. (2024)
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Reason for minimum

- Health 2000 keal* Health
Macronutrient Lower value of recommended  Health Higher value of recommended  Health
range' range’
Total carbohydrates 45% of energy 65% of energy
Total protein 10% of energy 35% of energy
Total fat 20% of energy 35% of energy
“Trans fatty acids - Health 19 of energy Health
Saturated fatty acids - Health 10% of energy' Health
Unsaturated fatty a 10% of maximum energy Health - -
constraint
Fiber 25g Health - -
Nutrients with EARand UL~ EAR' Health oL Health & toxicity
Vitamin A
Vitamin C
Calcium
Folate
Zine
Iron
Niacin
Nutrients without UL EAR' Health - -
‘Thiamin
Riboflavin
Vitamin B12

This table is adapted from Fiwalla et al. (2021). *2000 kcal maximum energy constraint was used as the current energy intake after the exclusion of calories allocated to food groups that are not
recommended in any amounts (sweets, sugar-sweetened beverages, salty snacks, and processed meat). 'Food and Nutrition Board of the National Academies of Sciences, Engineering, and
Medicine Dietary Reference Intakes (DRI) (Food and Nutrition Board of the National Academies of Sciences, 2024). *World Health Organization (2023b) recommendations. EAR, Estimated
average requirements; UL, tolerable upper intake level.
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Food group Current Minimum (g/d)  Reason for Maximum (g/d)  Reason for

consumption® (g/d) minimum maximum

Vegetables 20649 200 Health** -

Fruit 254.33 200 Health** -

Whole grains b1 928 Health* =

Refined grains 274 0 Health” 92.8 Health”

Fish 11.39 143 Health* 17.9 Environmental impact*

Legumes 66.85 100 Health" 200 Health"

Red meat 4134 143 Feasibility’ 143 Hoskh emimmentsl
impact

Poultry 3421 232 Health” 464 Health"

Eggs 2223 104 Health' 20 Health'

Nuts and seeds. 5 5 Current consumption** 162 Fe

Dairy products 1845 200 Health" 400 Health"

Starchy vegetables 50.48 40 Health" 80 Health"

Added sugar and fresh 50 (i, <10% of total

et uies 56.97 0 Health energp) Health*

Unsaturated added fat 151 151 Current consumption 64 Health'*

Saturated added fat'" 0 0 Current consumption 944 Health*

2022 national food consumption data for Lebanese adults (Hotcit ¢t al, 2024). *WHO recommendations: Minimum constraint for vegetables and fruits followed the recommendation ofa
combined intake of at east 400 g/day (World Fealth Organization, 2023a), with fruits only including fresh and dried fruits; Maximum constraint for added sugar and fresh fruit juices was set
according to the recommendation for free sugars (World Health Organization, 2020). “The minimun constraint for whole grains was set at half the EAT-Lancet average recommendation for
whole grains (Willett ¢t al,2019), given the low current consumption of whole grains in Lebanon (Floteit e ol 2024). The rationale within the dietary optimization exercise was to foster a
partial shif from refined grains toward whole grains’ consumption in Lebanon. *Fish constraints were set in line with the Dutch dietary guidelines (rink et al, 2019) taking into consideration
their low current consumption level in Lebanon, high cost ($1.49 per 100 g) compared to other protein sources such as poultry ($0.52 per 100 g), and sustainability concerns. This approach
ensures feasibility within the local economic context.'For legumes, dairy, poultry,eggs, and starchy vegetables, the minimum constraints were setat their average EAT-Lancet
recommendations, while the maximum constraints were set at the upper limit proposed by the EAT-Lancet (Wileit ct al, 2019). For legumes, the quantity was calculated based on the cooked
weight of beans, lentis, and peas, long with soy foods, excluding peanuts, which were grouped with nuts and seeds. ‘Minimum and maximum constraints for red meat were set as per Afshin
ctal. (2019, balancing feasibility with global burden of discase data and taking into consideration the high environmental footprint of red meat. **For nuts and seeds, the minimun constraint
was setat current consumption levels, while the maximum constraint was setas per Afshin ¢t 2l (2019). These values which are lower than those proposed by the EAT-Lancet and by Afshin
o1l (2019) were adopted in our study in order to minimize economic burden on Lebanese consumers given the high cost of nuts and seeds (52.17 per 100 g) compared to more affordable
protein sources such as legumes (0.2 per 100 g) and to reflect the substantial decline in nuts and seeds consumption in Lebanon since 2008/2009. Given these economic factors, ths approach
maintains feasibility while ensuring nutritional adequacy. ‘Unsaturated added fat includes olives, avocado, and ol that are liquid at room temperature (e.g., olive, sunflower, canola, and corn
oi). "Saturated added fat includes butter, ghee, lard, coconut oil and palm oil. “Maximum constraints for unsaturated added fat and saturated added fat were set at the upper limit proposed by
the EAT-Lancet (Willtt et al, 2019).
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Current consumption Optimized diet Change from current

quadratic consumption

Calories keal 198331 1857.12 6%
Carbs 8 305.43 26623 —13%
Protein s 9437 9.15 +5%
Fat g 5454 6033 1%
“Trans fat g 032 0.13 —58%
Saturated fat g 15.88 1893 +19%
Unsaturated fat g 25.72 25.64 No change
Fiber g 29.01 3208 +11%
Calcium mg 713.99 1,000 +40%
Folate dietary folate meg 602.86 654.9 +9%
equivalents (DFE)

Vitamin A meg 1320.90 1397.85 +6%
Vitamin C mg 10245 107.26 +5%
Iron mg 18.56 1447 -22%
Zinc mg 10.78 9.86 =9%
Niacin mg 19.26 16.07 =17%
Vitamin B12 mecg 381 294 -23%
“Thiamin mg 231 179 -22%
Riboflavin mg 255 214 ~16%
Cost/day s 59 59 No change
GHG emissions Kg CO, eq 221 1.69 —24%
Energy use M] 21.56 20 =7%

Water use L 1615.01 151245 —6%
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ey messages Descripti

Partially shift your consumption of grains from refined  Aim to increase whole grain consumption to reach 3 servings per day and limit refined grains' intake to 3
towhole servings per day.

Decrease your intake of red meat and partiall replace it Consume 2 servings of legumes per day and limit red meat to no more than 3 servings per week.

by legumes
Increase your consumption of low-fat dairy products Consume 2 servings of low-fat dairy products every day.
Decrease your consumption of poultry Limit poultry consumption to 5 servings per week.

Consume one serving offish per week, while favoring fatty fish.

Include more fish in your weekly diet, preferably ofly fish |~ Learn to identify and choose fsh types that are not overfished or are cultivated in an ecofriendly manner.

Limit your intake of sweets, sugar sweetened beverages, Cap your intake of sugars from jams, honey, molasses, sweets, sugar sweetened beverages, and fruit juices to 10%
and fruit juices of energy intake.

Enjoy a variety of fruits and vegetables Maintain an intake of 6 servings of fruit and vegetables daily.

Maintain the consumption of heathy fats and oils in Limit your intake of solid fats and replace with olive oil and other vegetable oils.

moderation

“Consult supplementary table 1 for the definition of a serving for the various food groups.
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