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Abstract

:

Although low socioeconomic groups have the highest risk of noncommunicable diseases in Estonia, national dietary guidelines and nutrition recommendations do not consider affordability. This study aims to help develop nutritionally adequate, health-promoting, and culturally acceptable dietary guidelines at an affordable price. Three food baskets (FBs) were optimised using linear programming to meet recommended nutrient intakes (RNIs), or Estonian dietary guidelines, or both. In total, 6255 prices of 422 foods were collected. The Estonian National Dietary Survey (ENDS) provided a proxy for cultural acceptability. Food baskets for a family of four, earning minimum wage, contain between 73 and 96 foods and cost between 10.66 and 10.92 EUR per day. The nutritionally adequate FB that does not follow Estonian dietary guidelines deviates the least (26% on average) from ENDS but contains twice the sugar, sweets, and savoury snacks recommended. The health-promoting FB (40% deviation) contains a limited amount of sugar, sweets, and savoury snacks. However, values for vitamin D, iodine, iron, and folate are low compared with RNIs, as is calcium for women of reproductive age. When both the RNIs and dietary guidelines are enforced, the average deviation (73%) and cost (10.92 EUR) are highest. The composition of these FBs can help guide the development of dietary guidelines for low income families in Estonia.
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1. Introduction


In Estonia in 2018, the top three causes of mortality were the preventable noncommunicable diseases (NCD): ischemic heart disease, hypertensive heart disease, and stroke [1]. Among the most important behavioural risk factors for cardiovascular diseases is an unhealthy diet [2], which includes a high consumption of saturated fats, salt, and refined carbohydrates, as well as low consumption of fruits and vegetables [3]. It is reported that Estonians consume barely two portions of vegetables per day (1.6–2.0 for men and 1.8–2.5 for women) [4,5] compared with the recommended 7–10 and 6–8, respectively [6]. The median vegetable and fruit intake is less than half (<200 g/day) the recommended intake of >400 g and less than half the population (48%) reported consuming vegetables daily [6]. In Europe, Estonia has among the lowest proportion of adolescents consuming vegetables (24%) and fruits (35%) daily and their consumption decreases with increasing age from 11 to 15 years of age [7]. In the total population, the intake of salt, sugar-sweetened beverages, and trans-fats is around double that recommended. Nearly half (47.4%) of the population consume too much total fats [8] compared with the national food-based dietary guidelines (FBDG) [6]. Over four-fifths (84.3%) of the population consume too much saturated fats and just over half (53.3%) do not eat enough fibre [8]. These unhealthy dietary practices contribute to the high prevalence of overweight and obesity: 32% and 19% in adults (16–64 years) [9] and 14% and 3% in adolescents (11–15 years) [10], respectively. Twenty-one percent of Estonian women and 34% of men have raised blood pressure [11] and those most at risk of developing CVD are those with low SES [12]. There is, therefore, a pressing need for low SES families to replace high-fat energy dense foods with foods rich in complex carbohydrates and dietary fibre, including vegetables and fruits.



High socioeconomic families eat more vegetables and fruits than low socioeconomic families [13]. Accordingly, Estonian health outcomes are worsening with increasing social disadvantages in income, education, social position, and employment [14]. For example, Estonians with the lowest compared with the highest level of education are 40% more likely to suffer from hypertension, and levels of obesity are over 20% higher in the less compared with the well-educated (22% versus 18%) [15]. Estonia is one of the EU countries with the greatest, and increasing, inequalities in health [16].



Several social protection measures, such as unemployment benefits, have been put in place by the Estonian government in order to attempt to reduce disparities. For example, the government has increased the minimum wage, the tax-free minimum on earnings, and the child allowance support. However, despite these social benefits, the lowest quintile still receives an income that is more than six times lower than the top quintile of the population. In 2018, at least half of the unemployed were at risk of poverty: on average, one-fifth (22%) of the population lived in relative poverty and about two percent (2.4%) in absolute poverty [17,18,19].



The main goal of this study is to compile lists of locally available foods (food baskets, FBs) that are nutritionally adequate, health-promoting, culturally acceptable, and affordable for a low income Estonian family of four. A well-established method to achieve nutritional adequacy (i.e., cover all acceptable macronutrient distributions (AMDR) and recommended nutrient intakes (RNIs)) is linear optimisation or linear programming (LP). Linear programming can provide dietary solutions that meet RNIs alone, food-based dietary guidelines (FBDG) alone, or both these constraints together, while being optimised for cultural acceptability [20,21,22,23]. Once compiled, these FBs could form the basis of Estonian FBDG for low income families and subsequently help to guide the reduction of health inequalities related to diet-associated NCD.




2. Materials and Methods


2.1. Foods, Their Prices, and Their Categorisation


In total, 422 foods and 6255 online prices were collected from three different supermarket chains’ websites [24,25,26] during May and June 2017. Data (name, weight, and price) were collected for raw/uncooked foods and ready-to-eat products. For all items, the price per kilogram or litre was calculated.



The foods, with their generic names along with their median specific prices, were arranged into categories as defined in the Estonian National Dietary Survey (ENDS) [27,28,29]. The six main categories, or food groups, are: “Starchy foods—Cereals and potatoes”; “Fruits, vegetables and berries”; “Milk and dairy products”; “Fish, poultry, eggs, meat and meat products”; “Added fats, nuts, seeds and oleaginous fruits”; and “Sugar, sweets and savoury snacks”. These were further subdivided into 48 subcategories as outlined in the Estonian survey [5].




2.2. Nutritional Composition


Nutritional composition was collected from various databases. The priority in which these databases were used (in the order of the highest priority to the least) was: NutriData, an Estonian food composition database [30]; Fineli, the national food composition database in Finland [31]; Fødevaredatabanken, a Danish food composition database [32]; a Swedish food composition database [33]; Matvaretabellen, a Norwegian food composition database [34]; McCance and Widdowson’s ‘composition of foods integrated dataset’ on the nutrient content of the UK food supply [35]; and the United States Department of Agriculture (USDA) National nutrient database for standard reference [36]. If foods were consumed after preparation, the nutrient composition of the prepared (cooked, simmered, baked etc.) food was used for calculations. In addition to the values for the nutrients, the fibre and water (for both raw and prepared foods), along with the value of the edible proportion, were recorded. The bioavailability of micronutrients in foods, the yield factors (weight changes during preparation), and the size of the edible proportions were calculated as described previously [22,37].




2.3. Nutritional Adequacy


Estonian RNIs values are used as the reference for a nutritionally adequate diet [6] in both the lowest cost FB (LCFB) and the nutritionally adequate diet FB (NFB). The RNIs values not available in the Estonian dietary guidelines (such as those on ω-6 fatty acids) were taken from the World Health Organization [3]. The national dietary guidelines provided the estimated energy requirement (EER) for each family member along with the acceptable macronutrient distribution ranges (AMDR) expressed as percentages of EER: 10–20% protein; 25–35% lipids; max 10% saturated fatty acids; 10–20% monounsaturated fatty acids; 5–10% polyunsaturated fatty acids; min 1% ω-3 fatty acids; max 1% trans-fatty acids; 50–60% carbohydrates; <5% added sugars [3,6]. The values for average body weight, physical activity levels (PAL), EER, and RNIs for each family member are shown in Table 1.




2.4. An Average Estonian Household


An average household composition was modelled using data from the Population and Housing Census for Estonia 2014 [38]: male (father) aged 40–44 years; female (mother) aged 35–39 years, and two adolescents (15 year old daughter and 13 year old son). Linear optimisation was run individually for each family member and the resulting food baskets were combined to give the total daily FB for the household.




2.5. Food-Based Dietary Guidelines (FBDG)


The intake amounts of food groups recommended in the national dietary guidelines [6] were included in some of the optimisations to enforce a health-promoting diet in both the health promoting FB (HFB) and the nutritionally adequate and health promoting FB (NHFB). The number of daily food portions recommended in the national dietary guidelines is shown in Table 2 and is based on the EER for each family member. The weight of food portion sizes as recommended in the national guidelines was used, for example, the weight of one portion of bread per day is 30 g. Where Estonian portion sizes were not available, the medium daily portion sizes listed in the Finnish food composition database were used [31].




2.6. Estonian Minimum Monthly Wage


From 1st January 2018, the Estonian minimum monthly wage per capita was 500 EUR, which provides a net income of 482 EUR per month [39]. The amount of the household budget available to buy food and drinks was calculated by assuming both adults earned the same minimum wage. In addition, an Estonian family of four received social benefit allowances for each child (55 EUR per child and month) amounting to a total family income of 1074 EUR per month. According to the Household Budget Survey, 2016 households from the lowest income quintile spend on average 27.8% of their income on food and non-alcoholic beverages, and 2.4% on alcoholic beverages [40]. The following formula was used to calculate the budget available for food and beverages (Minimum Wage Food Cost, MWFC) per day.


     M W F C =   [  (  2 ×   P a r e n  t ′  s   m i n .   w a g e + 2   ×   C h i l d   b e n e f i t  )    ×   12   m o n t h s / y e a r   ×   s h a r e   o f   i n c o m e   s p e n t   o n   f o o d   &   N A   b e v e r a g e s   N u m b e r   o f   d a y s   p e r   y e a r         =      (  2   ×   482   € + 2   ×   55   €  )    ×   12   ×   0.302     365.25     ≈ € 10.66     



(1)








2.7. Culturally Acceptable Food for Estonian Households


Data from the ENDS are used to represent current eating habits and cultural acceptability by sex and age group for each family member [5]. Cultural acceptability of the FBs is achieved by minimising the deviation from the ENDS. To assess the similarity between the ENDS and the FBs, the absolute (non-negative) value of the relative deviation [abs(RD)] was calculated for each of the 45 food subcategories.


  a b s  (  R  D i   )  =   a b s  (   m i  −  M i   )     m i     



(2)







In Equation (2), m stands for the observed weight of the i-th food category (grams) after optimisation and Mi is the weight of the i-th food category consumed by the corresponding family member [29]. In order to minimise deviation from the ENDS, the total relative deviation (TRD) was calculated as the sum of abs(RDi) for all foods in the FBs (Equation (3)).


  T R D   =     ∑   i = 1  n  a b s  (  R  D i   )   



(3)







The minimum of TRD was used as the objective function in three FBS (NFB, HFB, and NHFB). The average relative deviation (ARD, Equation (4)) of food baskets from the ENDS is a proxy for how different the FBs were from the actual food intake (cultural acceptability).


  A R D = T R D / n  



(4)








2.8. Linear Programming


Linear programming (LP) is a mathematical method for the minimisation or maximisation of a given linear goal (objective) function subjected to a set of constraints on a list of decision variables [41]. The underlying algorithm builds on three major elements: (i) the objective function, which is a loss function or its negative of the goal variable; (ii) the decision variables of the model, which are the amounts of foods to be included in the optimised FBs; (iii) a set of constraints (criteria to be met). Constraints can be applied to the model by defining minimum or maximum thresholds e.g., cost, nutrients, or the minimum or maximum weights of food groups recommended within national or international FBDG. If the algorithm calculates a model that meets all applied constraints, then, a feasible solution is said to be found [41]. In LP models, constraints that determine the extent to which the objective function (here, nutrient constraints) can be minimised or maximised are called “active constraints” [23,42,43]. Linear optimisation was done with the COIN-OR CBC optimisation engine algorithm, which is part of the open source add-in OpenSolver (v. 2.9.0) for MS Excel® [44].




2.9. Dietary Diversity


The LP methodology allows the calculation of a lowest cost food basket (LCFB) that covers all RNIs, but where very few foods are selected. This means that unless the LP methodology is modified, the dietary diversity in the food baskets is very limited and not culturally acceptable [22]. In order to overcome this, a minimum number of different foods, especially vegetables, fruits, and cereals, are enforced. LP was forced to select a minimum of two varieties from food groups that contained between 15 to 19 food items (e.g., fresh meat or cheese); a minimum of three varieties from food groups that contained between 20 to 24 food items (no food groups); and a minimum of four varieties from food groups that contained more than 24 food items (e.g., vegetables and fruits).




2.10. Constraints Enforced for Each Food Baskets


Four FBs are constructed to compare their differences in cost and nutritional adequacy: (i) LCFB—lowest cost food basket; (ii) NFB—nutritionally adequate food basket; (iii) HFB—health-promoting food basket; (iv) NHFB—nutritionally adequate and health promoting food basket. Their specific objective function and the enforced constraints are shown in Table 3. The number and weight of foods are calculated for each FB. In order to construct average monthly FBs for one household, the daily amounts were multiplied by 30.4 (average number of days per month).



2.10.1. The Lowest Cost Food Basket (LCFB)


The LCFB is calculated to find the absolute lowest cost of a FB that fulfils all Estonian nutrient recommendations (EER, AMDR, and RNIs) [6], using the minimum cost as goal function, but does not consider dietary diversity or cultural acceptability. The share of the budget for each family member is calculated based on cost proportions found in the LCFB.




2.10.2. Nutritionally Adequate Food Basket (NFB)


The NFB is calculated by enforcing the Estonian nutrient recommendations (EER, AMDR, RNIs) and the minimum wage cost constraint as applied to the LCFB. Instead of the lowest cost, the NFB uses the least deviation from reported food subgroup intakes as the goal function (= minimum total, TRD) as reported in the Estonian National Dietary Survey [29].




2.10.3. Health-Promoting Food Basket (HFB)


The HFB is also calculated using the minimum wage cost constraint to meet all EER, but not the AMDR or RNIs. Instead, the portion-based FBDG provided in the Estonian dietary guidelines [6] are enforced. These include the number of portions from six main food groups and ten subgroups required by each family member to fulfil the national dietary guidelines (Table 2). As the HFB is not constrained by AMDR or RNIs, this calculation helps to investigate how well the national dietary guidelines fulfil the AMDR and RNIs for a low income family. In addition, the goal function minimises the TRD from the ENDS.




2.10.4. Nutritionally Adequate and Health-Promoting Food Basket (NHFB)


The NHFB is calculated to combine the constraints from both the NFB (enforced EER, AMDR, and RNIs) and the HFB (enforced portion-based FBDG) within the minimum wage cost constraint. In addition, the least possible TRD from the ENDS is used as goal function.






3. Results


3.1. The Lowest Cost Food Basket (LCFB)


The cost of the LCFB for a family of four is 4.11 EUR per day. This most cost-efficient food basket contains only nine foods but fulfils all the RNIs [6] for all family members (Table 4). The contribution of each food needed to cover the AMDR and RNIs is listed in Table S1. The ARD from the ENDS is 415% (Table 4).




3.2. Nutritionally Adequate Food Basket (NFB)


The NFB, which covers all the RNIs, is optimised to be as similar as possible to the ENDS and contains 96 foods and costs 10.66 EUR per day (Table 5). The ARD from the ENDS is about 26%. Around three-quarters (77%) of the total weight come from three food groups: “Starchy foods—Cereal and potatoes”, “Fruits vegetables and berries”, and “Milk and dairy products”. The two most expensive food groups (25% and 24% respectively of total cost) are “Fish, poultry, eggs, meat and meat products” at 2.69 EUR per day and “Starchy foods—Cereals and potatoes” at 2.57 EUR per day (Table 5); the least expensive (2% of total cost) is “Added fats, nuts, seeds and oleaginous fruits” at 0.23 EUR per day (oils/fats at 0.16 EUR and nuts/seeds at 0.07 EUR (3.9 g peanuts, 6 g sunflower seeds, and 7.4 g linseeds)). The NFB contains 11.5 portions of vegetables and fruits per family and day and 33.7 portions of sugar, sweets, and savoury snacks for the entire family (Table 5). Information about the composition of the monthly NFB is presented in Table S2.




3.3. Health Promoting Food Basket (HFB)


The HFB is optimised to be as similar as possible to the ENDS and is constrained to meet the Estonian dietary guidelines, but not the RNIs. The HFB contains 73 foods and costs 10.66 EUR per day (Table 5). The ARD from the ENDS is ~40%. Around four-fifths (81%) of the total weight come from three food groups: “Fruits, vegetables and berries”; “Starchy foods—Cereals and potatoes”; and “Milk and dairy products”. The most expensive food group (25% of total cost) is “Fruits, vegetables and berries” which costs 2.69 EUR per day; the least expensive (5% of total cost—2.5% each, oils/fats and nuts/seeds) is “Added fats, nuts, seeds and oleaginous fruits” which costs 0.51 per day EUR (0.26 EUR each for oils/fats and nuts/seeds (52 g peanuts and 18 g linseed seeds)). The HFB contains 26 portions of vegetables and fruits per family and day along with 16 portions of sugar, sweets, and savoury snacks (Table 5).



As the HFB is not constrained by complying with RNIs, its nutrient composition was investigated and compared with RNIs. The proportion of vitamin D and iodine is below the RNIs for all family members: mother (66% and 69%, respectively); girl (79% and 78%, respectively); father (74% and 83%, respectively); boy (72% and 81%, respectively) (Table 6). The proportion of iron, folate, and calcium is below the RNIs for the mother (81%, 78%, and 87%, respectively). The percentage of saturated fats and sodium are above the recommended levels for all family members. The percentage of total lipids are well above the recommended level for all except the mother (<110%) (Table 6). In addition, the percentage of total added sugar is above that recommended for the girl (323%), the mother, and the son (both 128%). The composition of the monthly HFB is presented in Table S3.




3.4. Nutritionally Adequate and Health-Promoting Food Basket (NHFB)


The NHFB, which covers both the RNIs and portion-based FBDG, is also optimised to be as similar as possible to the ENDS. The NHFB contains 92 foods and costs 10.92 EUR per day (Table 5). The ARD from the ENDS is ~73%. More than four-fifths (84%) of the total weight come from three food groups: “Starchy foods—Cereals and potatoes”, “Fruits, vegetables and berries”, and “Milk and dairy products”. The most expensive food group (27% of total cost) is “Fruits, vegetables and berries”, which costs of 2.90 EUR per day; the two least expensive are “Sugar, sweets and savoury snacks” with 9% of total at a cost of 0.97 EUR and “Added, nuts, seeds and oleaginous fruits” 5% of total (2.5% oils/fats and 2.5% nuts/seeds) at a cost of 0.54 EUR (0.27 EUR oils/fats and 0.27 EUR nuts/seeds) per day. The NHFB, similarly to the HFB, contains 26 portions of vegetables and fruits per day and 16 portions of sugar, sweets, and savoury snacks (Table 5). A detailed composition of the monthly NHFB is presented in Table S4.



The relative differences between the contents of the NFB, HFB, NHFB, and the ENDS are presented in Figure 1. The food groups not consumed in sufficient quantities to meet the recommendations are (in order of largest to smallest amounts): nuts and seeds; pulses, peas, and legumes; vegetables (e.g., cabbage, marrow, onion, spinach, beets, mushrooms); fish and seafood; oils; and bread, cereals, and potatoes. In contrast, salt, meat, cheese, and sugar, sweets, and savoury snacks are eaten in excess of the recommendations.





4. Discussion


When optimising for cultural acceptability and constraining for only RNIs (without FBDG), the NFB achieved a nutritionally adequate diet for an Estonian family of four living on the minimum wage. However, the NFB contains double the amount of sugar, sweets, and savoury snacks recommended in the Estonian FBDG. When these FBDG (without RNIs) are applied while optimising for cultural acceptability, the food basket (HFB) contains inadequate amounts of several nutrients such as vitamin D. The HNFB (with both RNIs and FBDGs) cost negligibly more (0.26 EUR per day) than the NFB and the HFB, but it meets both the nutrient recommendations and the dietary guidelines, although it deviates most from cultural acceptability. All optimised FBs have, compared to the food intake reported by the ENDS, a lower content of sugar, snacks, poultry, and meat.



4.1. Lowest Cost Food Basket (LCFB)


The LCFB fulfils all the recommended nutrient intakes for the lowest possible price (4.11 EUR) [6]. However, its contents are inadequate in terms of dietary diversity and cultural acceptability as it contains only nine foods (Table 4). In addition, it deviates on average by more than four hundred percent (415%) from the ENDS (Table 4), which provides a proxy for cultural acceptability. Clearly, the lowest cost FB is inadequate to form the basis for dietary guidelines for low income families. A recent review outlines weaknesses of the LP methodology and these include the tendency to select the cheapest but limited number of foods. It is, therefore, recommended that LP methods are adapted to consider both cultural acceptability and dietary diversity [45,46]. Such methodological adaptations were incorporated in the FBs below.




4.2. Nutritionally Adequate Food Basket (NFB)


The NFB, similar to the LCFB, covers the RNIs, but was optimised to be as similar as possible to the ENDS in order to increase cultural acceptability. The NFB is the FB that is most similar to the ENDS (ARD is only 26%), and therefore, most culturally acceptable. Its dietary diversity is improved to 96 foods from only nine (in the LCFB) but it still contains less than half the recommended amount of vegetables and fruits and contains double the amount of sugar, sweets, and savoury snacks (33.7 portions) compared with the upper tolerable limit (16 portions). The authors of the IDEFICS study in 2014 showed that a ‘processed’ eating pattern (high intakes of crisps, candy bars, savoury pastries, biscuits and packaged cakes, and sweetened drinks) is significantly inversely associated with low SES families in Estonia. Moreover, a ‘healthy’ pattern (fruits and vegetables, less fried foods, nuts, seeds, and dried fruits) was positively associated with high SES [47]. As discussed earlier, the prevalence of obesity is high among the low SES families and the inequality gap has increased three-fold in 15 years [7]. Given the high average prevalence of obesity in low SES Estonian families [48,49], the average EER values enforced in this study are probably too high to support healthy weight changes needed in low income families [50]. If low income families could be persuaded to substitute some of their meat and poultry purchases with legumes and pulses, this could increase their fibre and vegetable intake and reduce the amount they spend on food.




4.3. Health-Promoting Food Basket (HFB)


The cost of the HFB and NFB are the same (10.66 EUR per day). The HFB contains less unhealthy snacks compared with NFB. However, the HFB deviates from the ENDS by 40% compared with only 26% in the NFB. Instead, the HFB contains less sugar, sweets, and savoury snacks along with the recommended number of portions of vegetables and fruits (26 portions per day). One-third (30%) of the family’s actual food budget is spent on sugar, sweets, and savoury snacks compared with the HFB (where the cost would be <10%).



Although most of the RNIs are reasonably well covered in the HFB, several important nutrients are too low. For example, as shown in Table 6, the HFB has difficulty in reaching the RNIs for vitamin D and iodine for all family members, especially for the mother, whose values reach only two-thirds of her RNIs. The mother’s iron, folate, and calcium values are also below the RNIs. Specific recommendations are needed for low income Estonian families to ensure that their intakes of vitamin D and iodine are covered. For example, if the intake of tinned oily fish, such as sprats and cod roe, is increased, this will help meet both vitamin D and fish intake recommendations at minimal cost.



Mild iodine deficiency in Estonia could be eradicated through the implementation of universal salt iodisation (USI) [51]. USI enables governments to achieve the two public health goals of increasing iodine and reducing salt supply for the whole population [52]. However, USI has not been adopted into Estonian legislation [11] and this should be recommended as an integral part of the dietary guidelines for low income families. Given the prevalence of anaemia (25%) in Estonian women and girls [11], combined with a high prevalence of overweight/obesity [53], specific recommendations are needed. Low SES families should be recommended to buy low cost foods that are rich in nutrients (iron, folate, and calcium) but relatively low in energy.




4.4. Nutritionally Adequate, Health-Promoting Food Basket (NHFB)


The NHFB is optimised to meet both the RNIs and the Estonian FBDG along with being as similar as possible to the Estonian food intake. The NHFB contains 92 foods and costs 0.26 EUR/day more than the HFB or NFB (Table 5). If this reaches the limit of affordability for low income families, additional financial support should be available via government policies. In addition, because the NHFB deviates most from the Estonian food intake, low SES families will have to change their eating habits quite considerably. The NHFB has the best dietary diversity as it contains 23 varieties of vegetables and fruits (11 different fruits and 12 different vegetables, including pulses) in the recommended 26 portions (>2 kg) per day and contains the lowest amount of sugar and sweets. Estonian children have among the highest energy intake (380 kcal per day) from sugar sweetened beverages (SSBs) in Europe, which adversely affects cardiovascular disease risk [54]. SSBs appear to be an important predictor of families’ dietary patterns, where parents and children share a liking for sweet and fatty foods and beverages [55].



In Estonia, the availability of vegetables and fruits (not including potatoes and roots) is only 518 g/capita per day [56]. This falls short of the recommended availability of 800 g/capita per day [57] to ensure an intake of at least 400 g per person per day. Estonian food-based dietary guidelines for low SES groups should, therefore, consider the links between food availability, eating patterns, and social vulnerabilities in order to successfully reduce the health inequalities related to NCD [58] and also be included in Estonia’s new strategy [59] to achieve the sustainable development goals [60,61].



Using the information derived from the LP optimisation process carried out on these different food baskets, it is recommended that Estonian FBDG for low SES families should include the following recommendations (Table 7).





5. Limitations


The cost of the calculated FBs only applies to the purchase of food and it does not include expenses associated with food storage (cooling, freezing) and food preparation such as cooking, equipment, and time. The consumption of alcohol, and the necessary reduction, are not discussed within this paper despite being a major risk factor for Estonians’ health outcomes. Additionally, the FBs are designed for a reference Estonian family of four and do neither apply to people outside the reference age ranges, outside the normal weight reference range (BMI 18.5–25 kg/m2), nor to individuals with special nutritional needs, such as pregnant or lactating women, and people with food intolerance or allergy. Cost linked to food waste or foods that spoil after purchase are not considered. The prices of foods used in this study were collected online and may differ from prices in markets and at other retailers. However, as the online trading of foods has to stay competitive compared with over-the-counter selling, major differences in food prices in 2017 are unlikely.




6. Conclusions


The main goal of this study is to compile lists of locally available foods (food baskets, FBs) that are nutritionally adequate, health-promoting, culturally acceptable, and affordable for a low income Estonian family of four. These FBs could help create Estonian FBDG for low income families. The HNFB (with both RNIs and FBDGs) costs negligibly more (0.26 EUR per day) than the NFB and the HFB, but it includes both the nutrient recommendations and the food-based dietary guidelines. However, it deviates most from Estonian food intake and may be less culturally acceptable. Based on the overall analysis of food baskets, specific guidelines are presented in order to reduce the risk of both micronutrient deficiencies and diet-related NCDs. If these guidelines are successfully implemented, health inequalities related to diet-associated diseases could be reduced. All three FBs provide useful information for the development of Estonian dietary guidelines for low income families, but further studies are needed to investigate which dietary changes are most acceptable.








Supplementary Materials


The following are available online at https://www.mdpi.com/2072-6643/12/9/2613/s1, Table S1: Nutritional composition of the simplest and lowest cost food basket (LCFB) for an Estonian family of four; Table S2: Composition of the nutritionally adequate food basket (NFB) for family of four per month; Table S3: Composition of the health-promoting food basket (HFB) for family of four per month; Table S4: Composition of the nutritionally adequate and health-promoting food basket NHFB for family of four per month.





Author Contributions


Conceptualization, A.P.; Data curation, J.L.; Formal analysis, J.L. and A.P.; Investigation, J.L. and A.P.; Methodology, A.R. and A.P.; Supervision, E.N., A.R. and A.P.; Validation, E.N., A.R. and A.P.; Visualization, J.L.; Writing—Original draft, J.L.; Writing—Review and Editing, E.N., A.R. and A.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


A.P. and A.R. acknowledge the support by their hosting institution for obtaining working time granted for this study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Institute for Health Metrics and Evaluation Health Statistics and Health Research Database, SD21: Estonia Profile 2018. Deaths by Cause, Sex and Age Group. Available online: http://pxweb.tai.ee/PXWeb2015/pxweb/en/01Rahvastik/01Rahvastik__04Surmad/SD21.px/?rxid=f38f22d6-99f0-469f-bee5-221b8d2d3901 (accessed on 12 May 2020).

	



World Health Organization (WHO). Cardiovascular Diseases (CVDs). Available online: https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds) (accessed on 12 May 2020).

	



World Health Organization. WHO Technical Report Series 916: Diet, Nutrition and the Prevention of Chronic Diseases; World Health Organization: Geneva, Switzerland, 2003. [Google Scholar]

	



Tekkel, M.; Veideman, T. Eesti Täiskasvanud Rahvastiku Tervisekäitumise Uuring, 2016 (Health Behavior among Estonian Adult Population, 2016). Available online: https://statistika.tai.ee/pxweb/en/Andmebaas/Andmebaas__05Uuringud__02TKU__02Toitumine/?tablelist=true (accessed on 12 May 2020).

	



National Institute of Health Development Health Statistics and Health Research Database. Health and Health Behaviour. Estonian National Dietary Survey. RTU12_01 Average Intake of Food Groups per Day by Gender, Age and Nationality. Available online: https://statistika.tai.ee/pxweb/en/Andmebaas/Andmebaas__05Uuringud__09RTU__a_Toidugrupid_paev/RTU012.px// (accessed on 12 May 2020).

	



Pitsi, T.; Zilmer, M.; Vaask, S.; Ehala-Aleksejev, K.; Kuu, S.; Lõhmus, K.; Maser, M.; Nurk, E.; Lindsaar, M.; Sooba, E.; et al. Eesti toitumis-ja liikumissoovitused (Estonian Diet and Exercise Recommendations); Tervise Arengu Instituut: Tallin, Estonia, 2017. [Google Scholar]

	



World Health Organization Regional Office for Europe. Adolescent obesity and related behaviours: Trends and inequalities in the WHO European Region, 2002–2014; World Health Organization Regional Office for Europe: Copenhagen, Denmark, 2017. [Google Scholar]

	



Tervise Arengu Instituut (National Institute for Health Development) Estonian National Dietary Survey 2014. RTU061: Daily Intake of Macronutrients Compared to Recommendations by Gender and Age. Available online: https://statistika.tai.ee/pxweb/en/Andmebaas/Andmebaas__05Uuringud__09RTU__f_Makrotoitained/RTU061.px/ (accessed on 13 May 2020).

	



Reile, R.; Tekkel, M.; Veideman, T. Eesti Täiskasvanud Rahvastiku Tervisekäitumise Uuring 2018 (Health Behaviour among Estonian Adult Population 2018); Tervise Arengu Instituut: Tallinn, Estonia, 2019. [Google Scholar]

	



Oja, L.; Piksööt, J.; Aasvee, K.; Haav, A.; Kasvandik, L.; Kukk, M.; Kukke, K.; Rahno, J.; Saapar, M.; Vorobjov, S. Eesti Kooliõpilaste Tervisekäitumine 2017/2018. Õppeaasta Uuringu Raport (Health Behavior of Estonian Schoolchildren 2017/2018, Academic Year Survey Report); Tervise Arengu Instituut: Tallinn, Estonia, 2019. [Google Scholar]

	



Global Nutrition Report Estonia Nutrition Profile. 2019. Available online: https://globalnutritionreport.org/contact/ (accessed on 13 May 2020).

	



World Health Organization Regional Office for Europe. Better Noncommunicable Disease Outcomes: Challenges and Opportunities for Health Systems. Estonia: Country Assessment (2015); World Health Organization Regional Office for Europe: Copenhagen, Denmark, 2017. [Google Scholar]

	



Tervise Arengu Instituut (National Institute for Health Development) Estonian National Dietary Survey 2014, RTU013: Average Intake of Food Groups per Day by Gender, Age and Net Income per Household Member. Available online: https://statistika.tai.ee/pxweb/en/Andmebaas/Andmebaas__05Uuringud__09RTU__a_Toidugrupid_paev/RTU013.px/ (accessed on 13 May 2020).

	



World Health Organization Regional Office for Europe. Review of Social Determinants and the Health Divide in the WHO European Region: Final report; World Health Organization Regional Office for Europe: Copenhagen, Denmark, 2014. [Google Scholar]

	



European Observatory on Health Systems and Policies. State of Health in the EU, Estonia Country Health Profile 2017; European Observatory on Health Systems and Policies: Brussels, Belgium, 2017. [Google Scholar]

	



European Commission Directorate—General for Health and Consumers. Health Inequalities in the EU—Final Report of a Consortium; Consortium Lead: Sir Michael Marmot; European Commission: Brussels, Belgium, 2013. [Google Scholar]

	



Statistics Estonia Eesti Statistika Kvartalikiri. 2/17. Quarterly Bulletin of Statistics Estonia—Statistics Estonia. Available online: https://www.stat.ee/publication-2017_quarterly-bulletin-of-statistics-estonia-2-17 (accessed on 13 May 2020).

	



Eurostat Eurostat Statistics Explained—Income Poverty Statistics. Available online: https://ec.europa.eu/eurostat/statistics-explained/index.php?oldid=440992#At-risk-of-poverty_rate_and_threshold (accessed on 13 May 2020).

	



Statistics Estonia SD10: Sustainable Development Indicators According to UN Goals. Available online: http://pub.stat.ee/px-web.2001/Dialog/varval.asp?ma=SD10&path=../I_Databas/MULTIDOMAIN_STATISTICS/SUSTAINABLE_DEVELOPMENT/&lang=1 (accessed on 13 May 2020).

	



Darmon, N.; Ferguson, E.L.; Briend, A. A cost constraint alone has adverse effects on food selection and nutrient density: An analysis of human diets by linear programming. J. Nutr. 2002, 132, 3764–3771. [Google Scholar] [CrossRef] [PubMed]

	



Rambeloson, Z.J.; Darmon, N.; Ferguson, E.L. Linear programming can help identify practical solutions to improve the nutritional quality of food aid. Public Health Nutr. 2008, 11, 395–404. [Google Scholar] [CrossRef] [PubMed]

	



Parlesak, A.; Tetens, I.; Jensen, J.D.; Smed, S.; Blenkuš, M.G.; Rayner, M.; Darmon, N.; Robertson, A. Use of linear programming to develop cost- minimized nutritionally adequate health promoting food baskets. PLoS ONE 2016, 11, e0163411. [Google Scholar] [CrossRef] [PubMed]

	



Faksová, K.; Brázdová, Z.D.; Robertson, A.; Parlesak, A. Nutritionally adequate food baskets optimised for cultural acceptability as basis for dietary guidelines for low-income Czech families. Nutr. J. 2019, 18, 84. [Google Scholar] [CrossRef] [PubMed]

	



Maxima Eesti OÜ Maxima.ee. Available online: https://www.maxima.ee/ (accessed on 14 May 2020).

	



ECOOP Coop Eesti e-pood. Available online: https://ecoop.ee/et/ (accessed on 14 May 2020).

	



Selver AS Selver. Available online: https://www.selver.ee/ (accessed on 14 May 2020).

	



Nurk, E.; Nelis, K.; Saamel, M.; Martverk, M.; Jõeleht, A.; Nelis, L. National Dietary Survey among children up to ten years old and breastfeeding mothers in Estonia. EFSA Support. Publ. 2017, 14. [Google Scholar] [CrossRef]

	



Nurk, E.; Nelis, K.; Saamel, M.; Martverk, M.; Nelis, L. National Dietary Survey among 11–74 years old individuals in Estonia. EFSA Support. Publ. 2017, 14. [Google Scholar] [CrossRef]

	



Tervise Arengu Instituut (National Institute for Health Development) Estonian Population Nutrition Survey 2014, RTU 21: Average Weekly Food Consumption by Sex and Age. Available online: https://statistika.tai.ee/pxweb/en/Andmebaas/Andmebaas__05Uuringud__09RTU__b_Toidud_nadal/RTU021.px/ (accessed on 14 May 2020).

	



National Institute for Health Development NutriData Food Composition Database, Version 9. Available online: https://tka.nutridata.ee/en/ (accessed on 17 May 2020).

	



National Institute for Health and Welfare Fineli, the National Food Composition Database in Finland. Available online: https://fineli.fi/fineli/en/index? (accessed on 17 May 2020).

	



National Food Institute, Technical University of Denmark, Lyngby, D. Frida—Alphabetic Food List. Available online: https://frida.fooddata.dk/food/lists/alphabetic?lang=en (accessed on 17 May 2020).

	



Livsmedelsverket Search for Nutrients—Livsmedelsverket (The Swedish Food Agency Food Database). Available online: http://www7.slv.se/SokNaringsinnehall/ (accessed on 18 May 2020).

	



Mattilsynet i Samarbeid Med Helsedirektoratet, F.V.N.H.V. for Mat og Miljø (VKM) og S. Strålevern. Matvaretabellen—The Norwegian Food Composition Table. Available online: https://www.matvaretabellen.no/ (accessed on 18 May 2020).

	



Public Health England, L.U. Composition of Foods Integrated Dataset (CoFID), PHE Publications Number: GW-285. Available online: https://www.gov.uk/government/publications/composition-of-foods-integrated-dataset-cofid (accessed on 18 May 2020).

	



USDA Agricultural Research Service, U.S. Department of Agricultural. USDA Food Composition Database SR28. Available online: https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/methods-and-application-of-food-composition-laboratory/mafcl-site-pages/sr11-sr28/ (accessed on 18 May 2020).

	



Prüsse, U.; Hüther, L.; Hohgardt, K. Mittlere Gewichte einzelner Obst- Und Gemüseerzeugnisse (Mean Single Unit Weights of Fruit and Vegetables); Bundesamt für Verbraucherschutz und Lebensmittelsicherheit: Braunschweig, Germany, 2002; Available online: https://www.bvl.bund.de/SharedDocs/Downloads/04_Pflanzenschutzmittel/rueckst_gew_obst_gem%C3%BCde_pdf.html (accessed on 20 May 2020).

	



Tiit, E.M.; Servinski, M. Eesti Maakondade Rahvastik: Hinnatud ja Loendatud; Statistikaamet (Statistics Estonia): Tallinn, Estonia, 2015. [Google Scholar]

	



Trinity Capital Salary/Wage and Tax Calculator—Estonia, Latvia. Available online: https://www.kalkulaator.ee/en/salary-calculator (accessed on 20 May 2020).

	



Statistics Estonia Expenditure per Household member in a Year by Income Quintile (HH211). Available online: http://pub.stat.ee/px-web.2001/Dialog/varval.asp?ma=HH211&lang=1 (accessed on 20 May 2020).

	



Dantzig, G.B.; Thapa, M.N. Linear Programming 1; Springer: New York, NY, USA, 1997; ISBN 9780387226330. [Google Scholar]

	



Nocedal, J.; Wright, S. Linear Programming: The Simplex Method. In Numerical Optimization; Springer: New York, NY, USA, 2006; pp. 355–391. [Google Scholar]

	



Nykänen, E.P.A.; Dunning, H.E.; Aryeetey, R.N.O.; Robertson, A.; Parlesak, A. Nutritionally optimized, culturally acceptable, cost-minimized diets for low income Ghanaian families using linear programming. Nutrients 2018, 10, 461. [Google Scholar] [CrossRef] [PubMed]

	



Mason, A.J. OpenSolver—An open source add-in to solve linear and integer progammes in excel. In Proceedings of the Operations Research Proceedings; Klatte, D., Lüthi, H.J., Schmedders, K., Eds.; Springer: Berlin/Heidelberg, Germany, 2012; Volume 1, pp. 401–406. [Google Scholar]

	



Gazan, R.; Brouzes, C.M.; Vieux, F.; Maillot, M.; Lluch, A.; Darmon, N. Mathematical Optimization to Explore Tomorrow’s Sustainable Diets: A Narrative Review. Adv. Nutr. 2018, 9, 602–616. [Google Scholar] [CrossRef] [PubMed]

	



Van Dooren, C. A review of the use of linear programming to optimize diets, nutritiously, economically and environmentally. Front. Nutr. 2018, 5, 48. [Google Scholar] [CrossRef] [PubMed]

	



Fernández-Alvira, J.M.; Bammann, K.; Pala, V.; Krogh, V.; Barba, G.; Eiben, G.; Hebestreit, A.; Veidebaum, T.; Reisch, L.; Tornaritis, M.; et al. Country-specific dietary patterns and associations with socioeconomic status in European children: The IDEFICS study. Eur. J. Clin. Nutr. 2014, 68, 811–821. [Google Scholar] [CrossRef] [PubMed]

	



Aasvee, K.; Liiv, K.; Eha, M.; Oja, L.; Härm, T.; Streimann, K. Eesti Kooliõpilaste Tervisekäitumine 2013/2014. Ôppeaasta Uuringu Raport (Estonian School Students’ Health Behaviour 2013/2014. Academic Year Survey Report); Tervise Arengu Instituut (National Institute for Health Development): Tallinn, Estonia, 2016. [Google Scholar]

	



Metsoja, A.; Nelis, L.; Nurk, E. WHO Childhood Obesity Surveillance Initiative (COSI). Estonian Study Report for the Academic Year 2015/2016; Tervise Arengu Instituut (National Institute for Health Development): Tallinn, Estonia, 2017. [Google Scholar]

	



Pomerleau, J.; McKee, M.; Robertson, A.; Kadziauskiene, K.; Abaravicius, A.; Vaask, S.; Pudule, I.; Grinberga, D. Macronutrient and food intake in the Baltic republics. Eur. J. Clin. Nutr. 2001, 55, 200–207. [Google Scholar] [CrossRef] [PubMed]

	



Andersson, M.; De Benoist, B.; Delange, F. Iodine Deficiency in Europe: A Continuing Public Health Problem; WHO: Geneva, Switzerland, 2007. [Google Scholar]

	



World Health Organization (WHO). Salt Reduction and Iodine Fortification Strategies in Public Health: Report of a Joint Technical Meeting Convened by the World Health Organization and The George Institute for Global Health in Collaboration with the International Council for the Control of Iodine Deficiency Disorders Global Network; World Health Organization (WHO): Geneva, Switzerland, 2014. [Google Scholar]

	



Bammann, K.; Gwozdz, W.; Lanfer, A.; Barba, G.; De Henauw, S.; Eiben, G.; Fernandez-Alvira, J.M.; Kovacs, E.; Lissner, L.; Moreno, L.A.; et al. Socioeconomic factors and childhood overweight in europe: Results from the multi-centre IDEFICS study. Pediatr. Obes. 2013, 8, 1–12. [Google Scholar] [CrossRef] [PubMed]

	



Bel-Serrat, S.; Mouratidou, T.; Börnhorst, C.; Peplies, J.; De Henauw, S.; Marild, S.; Molnár, D.; Siani, A.; Tornaritis, M.; Veidebaum, T.; et al. Food consumption and cardiovascular risk factors in European children: The IDEFICS study. Pediatr. Obes. 2013, 8, 225–236. [Google Scholar] [CrossRef] [PubMed]

	



Hebestreit, A.; Börnhorst, C.; Pala, V.; Barba, G.; Eiben, G.; Veidebaum, T.; Hadjigergiou, C.; Molnár, D.; Claessens, M.; Fernández-Alvira, J.M.; et al. Dietary energy density in young children across Europe. Int. J. Obes. 2014, 38, 124–134. [Google Scholar] [CrossRef] [PubMed]

	



Food and Agriculture Organization of the United Nations (FAO) FAOSTAT: Food Supply—Crops Primary Equivalent. Available online: http://www.fao.org/faostat/en/#data/CC (accessed on 21 May 2020).

	



Joffe, M.; Robertson, A. The Potential Contribution of Increased Vegetable and Fruit Consumption to Health Gain in the European Union. Public Health Nutr. 2001, 4, 893–901. [Google Scholar] [CrossRef] [PubMed]

	



Iguacel, I.; Fernández-Alvira, J.M.; Bammann, K.; De Clercq, B.; Eiben, G.; Gwozdz, W.; Molnar, D.; Pala, V.; Papoutsou, S.; Russo, P.; et al. Associations between social vulnerabilities and dietary patterns in european children: The identification and prevention of Dietary- and lifestyle-induced health effects in children and infants (idefics) study. Br. J. Nutr. 2016, 116, 1288–1297. [Google Scholar] [CrossRef] [PubMed]

	



Ministry of Education and Research Strategic Planning for 2021–2035 | Estonian Ministry of Education and Research. Available online: https://www.hm.ee/en/activities/strategic-planning-20212–035 (accessed on 8 July 2020).

	



Forouhi, N.G.; Unwin, N. Global diet and health: Old questions, fresh evidence, and new horizons. Lancet 2019, 393, 1916–1918. [Google Scholar] [CrossRef]

	



United Nations (UN) Sustainable Development Goals—United Nations Sustainable Development. Available online: https://www.un.org/sustainabledevelopment/sustainable-development-goals/ (accessed on 21 May 2020).








[image: Nutrients 12 02613 g001 550] 





Figure 1. The relative differences between the contents of nutritionally adequate food basket (NFB, blue columns), health promoting food basket (HFB, red columns) and the nutritionally adequate and health promoting food basket (NHFB, green columns) and the Estonian National Dietary Survey (ENDS). The costs of the food baskets include the cost of alcoholic beverages. 
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Table 1. Daily estimated energy requirements and recommended nutrient intakes for each member of the reference Estonian family of four [3,6].
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Mother

	
Father

	
Girl

	
Boy




	

	
Min

	
Max

	
Min

	
Max

	
Min

	
Max

	
Min

	
Max






	
Age (years)

	
35

	
39

	
40

	
44

	
15

	
13




	
Weight (kg)

	
63.7

	
74.4

	
53.2

	
43.5




	
PAL

	
1.6

	
1.6

	
1.73

	
1.73




	
EER (kcal)

	
2050

	
2650

	

	
2350

	

	
2400

	




	
EER (MJ)

	
8.58

	
11.1

	

	
9.83

	

	
10.0

	




	
Protein (g)

	
51.3

	
102.5

	
66.3

	
132.5

	
58.8

	
117.5

	
60

	
120




	
Lipid total (g)

	
56.9

	
79.7

	
73.6

	
103.1

	
65.3

	
91.4

	
67

	
83.3




	
SFA (g)

	

	
22.8

	

	
29.4

	

	
26.1

	

	
26.7




	
MUFA (g)

	
22.7

	
45.6

	
29.4

	
58.9

	
26.1

	
52.2

	
27

	
53.3




	
PUFA (g)

	
11.4

	
22.8

	
14.7

	
29.4

	
13.1

	
26.1

	
13

	
26.7




	
ω-3 fatty acids (g)

	
2.27

	

	
2.9

	

	
2.61

	

	
2.67

	




	
ω-6 fatty acids (g)

	
11.4

	

	
14.7

	

	
13.1

	

	
13.3

	




	
TFA (g)

	

	
2.3

	

	
2.9

	

	
2.6

	

	
2.7




	
Cholesterol (mg)

	

	
300

	

	
300

	

	
300

	

	
300




	
Carbohydrates (g)

	
256

	
308

	
331

	
398

	
294

	
353

	
300

	
360




	
Fibre (g)

	
25

	

	
35

	

	
22

	

	
31.2

	




	
Added total sugar (g)

	

	
51.3

	

	
66.3

	

	
58.8

	

	
60




	
Sodium (mg)

	

	
2400

	

	
2400

	

	
2400

	

	
2400




	
Potassium (mg)

	
3100

	
3700

	
3500

	
3700

	
3100

	

	
3300

	




	
Calcium (mg)

	
800

	
2500

	
800

	
2500

	
900

	
2500

	
900

	
2500




	
Magnesium (mg)

	
320

	

	
380

	

	
320

	

	
300

	




	
Iron (mg)

	
15

	
60

	
10

	
60

	
15

	
60

	
11

	




	
Zinc (mg)

	
9

	
25

	
9

	
25

	
9

	
25

	
11

	




	
Copper (mg)

	
0.9

	
5

	
0.9

	
5

	
0.9

	
5

	
0.7

	




	
Selenium (μg)

	
50

	
300

	
60

	
300

	
50

	
300

	
40

	




	
Phosphorus (mg)

	

	
3000

	

	
3000

	

	
3700

	

	




	
Iodine (μg)

	
150

	
600

	
150

	
600

	
150

	
600

	
150

	




	
Vitamin A (μg)

	
700

	

	
900

	

	
700

	

	
700

	




	
Thiamine (mg)

	
1.1

	

	
1.4

	

	
1.2

	

	
1.2

	




	
Riboflavin (mg)

	
1.3

	

	
1.7

	

	
1.4

	

	
1.4

	




	
Vitamin B6 (mg)

	
1.5

	
25

	
1.8

	
25

	
1.5

	
25

	
1.8

	
25




	
Vitamin B12 (μg)

	
3

	

	
3

	

	
3

	

	
3

	




	
Vitamin C (mg)

	
100

	
1000

	
100

	
1000

	
100

	
1000

	
70

	




	
Vitamin D (μg)

	
10

	
100

	
10

	
100

	
10

	
100

	
10

	
100




	
Vitamin E (mg)

	
8

	
300

	
10

	
300

	
8

	
300

	
8

	




	
Folate (μg)

	
300

	

	
300

	

	
330

	

	
270

	




	
Niacin (mg)

	
15

	

	
19

	

	
16

	

	
16

	








EER—Estimated Energy Requirement; PAL Physical activity level; SFA—saturated fatty acids; MUFA—mono-unsaturated fatty acids; PUFA—poly-unsaturated fatty acids; TFA—trans-fatty acids.
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Table 2. Number of daily portions per food group as recommended in national dietary guidelines applied to the healthy food basket (HFB) and the nutritionally adequate and healthy food basket (NHFB) according to estimated energy requirements [6].
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	Food Categories (in bold) and Subcategories
	Mother
	Father
	Girl and Boy





	Starchy foods: cereals and potatoes
	7–9
	10–14
	8–12



	 Breads
	3–4
	4–6
	4–5



	 Pasta, rice, porridges, etc.
	2–4
	3–6
	3–5



	 Potatoes
	1–2
	1–2
	1–2



	Fruits, berries and vegetables
	6–8
	7–10
	7–9



	 Fruits and berries
	2–3
	3
	3



	 Vegetables excl. potatoes
	3–5
	4–7
	4–7



	Milk and dairy products
	2–3
	3
	3



	Fish, poultry, eggs, meat and meat products
	3–4
	3–4
	3–4



	 Fish, fish products and seafood
	1–2
	1–2
	1–2



	 Meat and meat products, poultry and poultry products
	1–2
	1–2
	1–2



	 Eggs
	0.5
	0.5
	0.5



	Added fats, nuts, seeds and oleaginous fruits
	6–7
	9
	9



	 Nuts & Seeds
	1–2
	2–3
	2–3



	 Oleaginous fruits, oils, fat spreads
	5
	6–7
	6–7



	Sugar, sweets and savoury snacks
	≤4
	≤4
	≤4
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Table 3. Abbreviations used for the models describing the different optimised food baskets by objective functions and constraints enforced.
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	Food Basket
	Objective Function
	Set of Constraints Enforced





	Lowest cost FB (LCFB)
	Cost (min)
	EER, AMDR, RNIs



	Nutritionally adequate FB (NFB)
	TRD (min)
	EER, AMDR, RNIs, MWFC



	Health-promoting FB (HFB)
	TRD (min)
	EER, FBDG, MWFC (no macronutrient or micronutrient recommendations)



	Nutritionally adequate, health-promoting FB (NHFB)
	TRD (min)
	EER, AMDR, RNIs, FBDG, MWFC







TRD—total relative deviation; EER—estimated energy requirements; AMDR, acceptable macronutrient distribution ranges; RNIs—recommended nutrient intakes; MWFC—minimum wage food cost.
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Table 4. Composition of the lowest cost Food Basket (LCFB) fulfilling all recommended nutrient intakes for all members of an Estonian family, including weights and cost of the single foods.
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Food Item (9)

	
Mother

	
Father

	
Girl

	
Boy

	
Family




	

	
Weight (g)

	
Cost (EUR)

	
Weight (g)

	
Cost (EUR)

	
Weight (g)

	
Cost (EUR)

	
Weight (g)

	
Cost (EUR)

	
Weight (g)

	
Cost (EUR)






	
Flour, wheat

	
153

	
0.10

	
189

	
0.12

	
249

	
0.16

	
157

	
0.10

	
748

	
0.49




	
Flour, rye

	
197

	
0.14

	
193

	
0.14

	
165

	
0.12

	
269

	
0.20

	
824

	
0.60




	
Flour, rye, wholegrain

	
0

	
0

	
96.1

	
0.08

	
0

	
0

	
17.3

	
0.01

	
113

	
0.09




	
Beans, broad

	
481

	
0.13

	
482

	
0.13

	
477

	
0.13

	
326

	
0.09

	
1766

	
0.46




	
Buttermilk

	
443

	
0.32

	
416

	
0.30

	
519

	
0.37

	
522

	
0.38

	
1900

	
1.37




	
Bream, hot-smoked

	
68.8

	
0.15

	
68.9

	
0.15

	
68.4

	
0.15

	
68.4

	
0.15

	
275

	
0.59




	
Liver, chicken

	
4.8

	
0.01

	
6.3

	
0.02

	
4.7

	
0.01

	
4.9

	
0.01

	
20.7

	
0.05




	
Oil, rapeseed

	
47.3

	
0.09

	
69.4

	
0.13

	
55.2

	
0.10

	
62.3

	
0.12

	
234

	
0.44




	
Salt, iodised

	
1.5

	
<0.01

	
1.4

	
<0.01

	
1.0

	
<0.01

	
0.8

	
<0.01

	
4.7

	
<0.01




	
TOTAL

	
1397

	
0.94

	
1522

	
1.07

	
1540

	
1.05

	
1428

	
1.05

	
5886

	
4.11




	
Average deviation % from reported intake

	
342

	
311

	
655

	
349

	
415
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Table 5. The weights, number of portions, and cost of food categories in the food baskets (FB) that are nutritionally adequate (NFB), include the Estonian food-based dietary guidelines (FBDG) only (HFB), and are both nutritionally adequate and include the Estonian FBDG (NHFB) per day compared with the Estonian National Dietary Survey (ENDS).
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Food Category

	
Weight (g)

	
Number of Portions

	
Cost (EUR)




	

	
ENDS

	
NFB

	
HFB

	
NHFB

	
ENDS

	
NFB

	
HFB

	
NHFB

	
NFB

	
HFB

	
NHFB






	
Starchy food—cereals and potatoes

	
1064

	
2161

	
1600

	
2295

	
24.6

	
51.7

	
33.0

	
44.4

	
2.57

	
1.79

	
2.29




	
Fruits, vegetables and berries

	
1592

	
887

	
2140

	
2198

	
17.9

	
11.5

	
26.0

	
26.0

	
1.34

	
2.69

	
2.90




	
Milk and dairy products

	
1196

	
1389

	
1325

	
1351

	
7.9

	
10.9

	
11.5

	
11.4

	
2.26

	
2.37

	
2.13




	
Fish, poultry, eggs, meat and meat products

	
586

	
581

	
514

	
531

	
13.2

	
16.2

	
13.2

	
13.8

	
2.69

	
2.05

	
2.09




	
Added fats, nuts, seeds and other oleaginous fruits *

	
76

	
81

	
185

	
205

	
12.2

	
14.5

	
30.0

	
32.9

	
0.23

	
0.51

	
0.54




	
(17)

	
(17)

	
(70)

	
(80)

	
(1.6)

	
(1.7)

	
(7.0)

	
(8.0)

	
(0.07)

	
(0.26)

	
(0.27)




	
Sugar, sweets and savoury snacks

	
2112

	
628

	
468

	
432

	
77.0

	
33.7

	
16.1

	
16.1

	
1.56

	
1.25

	
0.97




	
Salt

	
8.9

	
4.2

	
-

	
1.03

	
-

	
-

	
-

	
-

	
0.01

	
-

	
<0.01




	
TOTAL

	
6635

	
5732

	
6190

	
6913

	
153

	
138.4

	
130.0

	
145.0

	
10.66

	
10.66

	
10.92








* Values in parentheses indicate the shares attributable to oleaginous fruits.
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Table 6. Major relative deviations of the intake of micronutrients, fats, sodium, and added sugars from Estonian dietary guidelines by family members in the health-promoting food basket (HFB).
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Mother

	
Father

	
Girl

	
Boy

	
Family






	

	
%




	
Vitamin D

	
66

	
74

	
79

	
72

	
73




	
Iodine

	
69

	
83

	
78

	
81

	
78




	
Iron

	
81

	
199

	
106

	
166

	
130




	
Folate

	
78

	
106

	
108

	
124

	
104




	
Calcium

	
87

	
113

	
98

	
97

	
99




	
Total lipids

	
108

	
114

	
114

	
122

	
115




	
Saturated fats

	
134

	
145

	
121

	
126

	
132




	
Total added sugars

	
128

	
86

	
323

	
128

	
107




	
Sodium

	
133

	
210

	
146

	
177

	
166
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Table 7. Estonian food-based dietary guidelines for low SES families should include the following recommendations.
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Eat more vegetables (such as cabbage, beetroot, onions);



	
Eat more wholemeal and rye bread, cereals, and potato;



	
Eat more pulses (such as peas and beans);



	
Eat more fish and seafood (such as herring, mackerel, cod roe, and sprats);



	
Eat more nuts and seeds;



	
Use mainly (vitamin fortified) rapeseed oil rather than other oils and fats;



	
Use mainly unsweetened and unflavoured dairy products;



	
Eat less meat and poultry (fresh and especially, processed) and eat more liver, kidneys, and other offal;



	
Eat less cheese;



	
Eat less sugar, sweets, and savoury snacks;



	
Eat less salt and buy iodised salt (and government to adopt universal salt iodisation into national legislation).
















© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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