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Summary
Background
Poor diet quality contributes to morbidity and mortality and affects environmental sustainability. The EAT-Lancet reference diet offers a healthy and sustainable solution. This study aimed to estimate the association between diet cost and dietary quality, measured with an EAT-Lancet Index.

Methods
An EAT-Lancet index was adapted to assess adherence to this dietary pattern from 24-h recalls data from the 2012 and 2016 Mexican National Health and Nutrition Surveys (n = 14,242). Prices were obtained from the Consumer Price Index. We dichotomized cost at the median (into low- and high-cost) and compared the EAT-Lancet index scores. We also used multivariate linear regression models to explore the association between diet cost and diet quality.

Results
Individuals consuming a low-cost diet had a higher EAT-Lancet score than those consuming a high-cost diet (20.3 vs. 19.4 from a possible scale of 0 to 42; p < 0.001) due to a lower intake of beef and lamb, pork, poultry, dairy, and added sugars. We found that for each one-point increase in the EAT-Lancet score, there was an average decrease of MXN$0.4 in the diet cost (p < 0.001). This association was only significant among low- and middle-SES individuals.

Conclusions
Contrary to evidence from high-income countries, this study shows that in Mexico, adhering to the EAT-Lancet reference diet is associated with lower dietar costs, particularly in lower SES groups. These findings suggest the potential for broader implementation of healthier diets without increasing the financial burden.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12937-024-01002-7.
Keywords
EAT-Lancet dietDietary qualityPlanetary healthy dietDiet costsMexico
Abbreviations
	SES
	Socioeconomic status

	ENSANUT 2012
	Mexican National Health and Nutrition Survey 2012

	ENSANUT 2016
	Mexican National Health and Nutrition Survey 2012

	CPI
	Consumer Price Index

	INEGI
	National System of Statistical and Geographical Information

	CI
	Confidence Interval

	MXN
	Mexican peso

	HEI
	Healthy Eating Index




Background
Poor-quality diets are the leading cause of morbidity and mortality worldwide and contribute to undernutrition, overweight, obesity, and persistent micronutrient deficiencies [1]. Globally, 149 million children are stunted, 45 million children are wasted [2], 2.6 billion people are overweight or obese [3], and 372 million preschool children and 1.2 billion nonpregnant women of reproductive age have one or more micronutrient deficiencies [4]. Furthermore, food production profoundly impacts the planet’s health. Food systems account for a third of global greenhouse gas emissions [5], while agriculture is the greatest driver of global deforestation and is a major cause of soil degradation, water pollution, and loss of biodiversity [6, 7].
To address these challenges, the EAT-Lancet Commission proposed the EAT-Lancet reference diet, an evidence-based framework for a healthy and sustainable diet [8]. The EAT-Lancet reference diet is rich in fruits, vegetables, whole grains, legumes, nuts and seeds, and unsaturated oils and includes limited amounts of red meat, refined grains, and added sugars. Combined with improved and sustainable food production practices and food waste reduction, the Commission estimated that this diet would allow feeding 10 billion people within planetary boundaries by 2050 [8].
Affordability is one of the four key components of sustainable diets and food systems, alongside food promotion, advertising and information, and food quality [9]. However, 750 million people, or 10% of the world population, face severe food insecurity, and more than 3 billion people, or 38%, are unable to afford a healthy diet [10]. As expected, there are wide variations in affordability across and within countries. Across countries, healthy and sustainable diets are more affordable in high-income countries than in low-income countries. Hirvonen and colleagues estimated that the median cost of an EAT-Lancet reference diet in 2011 was of $2.84 international dollars, with the cost being higher in high-income countries ($2.66) than in low-income countries ($2.42) [11]. However, this diet was more affordable in high-income countries, representing 6.1% of daily household income, compared to low-income countries, where it represented 89.1% of daily household income.
Within countries, extensive research from high-income countries has shown that unhealthy foods have a lower cost than healthy foods [12, 13]. Similarly, low-quality diets, as measured by various diet quality indexes including the Mediterranean diet score, the Healthy Eating Index, and the DASH score, among others, cost less than high-quality diets [13–18]. Despite the higher incomes in these countries, which theoretically enable better affordability of healthy diets, significant dietary disparities persist, as individuals with higher incomes tend to consume higher quality diets compared to those with lower incomes. This disparity can largely be attributed to the cost of healthy foods, which poses a substantial barrier for low-income households, as price remains one of the main drivers influencing food purchases, especially in low-income households where budgetary constraints narrow the range of food choices [12].
In middle-income countries, such as Mexico, there is limited evidence about the relationship between diet quality and cost. Previous studies indicated that, on average, the intake of whole grains and legumes was higher, and the intake of discretionary processed foods was lower in individuals with low socioeconomic status (SES) compared to those with high SES [19]. Therefore, the relationship between diet quality and diet cost might differ between Mexico and high-income countries. Curi-Quinto et al. reported that diet quality estimated with the Healthy Eating Index 2015 was positively associated with cost in Mexican urban areas, but there was no association in rural areas [20]. Clark a et al. derived dietary patterns with principal component analysis among Mexican children and adolescents and found that there was no difference in cost between healthy, transition, and nonhealthy patterns [21]. However, no previous study in Mexico has evaluated the association between cost and adherence to a healthy and sustainable diet, such as the EAT-Lancet recommendations. Batis et al. modeled baskets following the EAT-Lancet reference diet and the current Mexican intake and found that the EAT-Lancet baskets were less expensive [22]. Modeling baskets is an option for monitoring the food environment, independent of people’s choices. Nonetheless, it is also of interest to study the intersection between these choices and diet costs because individuals who adhere to a healthy diet might choose more expensive foods or vice versa; alternatively, depending on the culinary traditions of each context, inexpensive foods could be either healthy or unhealthy. Moreover, the association between adherence to a healthy diet and cost could differ according to socioeconomic characteristics. In this regard, evaluating the association between the healthfulness of the diets consumed by individuals and their costs can provide important insights into food behavior and the costs of healthy diets. Thus, this study aimed to estimate the association between diet cost and dietary quality, measured with an EAT-Lancet Indexamong all individuals and by socioeconomic status.

Methods
Design and sample
The 2012 and 2016 Mexican National Health and Nutrition Surveys (ENSANUT 2012 and 2016, for its acronym in Spanish) are probabilistic population-based surveys with a multistage, stratified sampling design, representative at the national and regional levels and for rural and urban areas [23, 24]. Briefly, ENSANUT 2012 was conducted between October 2011 and May 2012, and information was collected from 50,528 households, for a household response rate of 87% [24]. ENSANUT 2016 was conducted between May and September 2016, and information was collected from 9,479 households, for a household response rate of 77.9% [23].
Detailed dietary information was obtained for random subsamples in both surveys using 24-h recalls (n = 10,885 for ENSANUT 2012 and n = 4,341 for ENSANUT 2016). For the present analysis, we excluded children younger than one year of age (n = 420), children older than one year of age who were being breastfed (n = 109), pregnant and lactating women (n = 245), and individuals with implausible intake (n = 183). Plausible intake was defined as energy intake between ± 3 standard deviations of the ratio of energy intake and energy requirement, estimated using the Institute of Medicine equations for body weight maintenance. A detailed description of the methods used to identify implausible intake is described elsewhere [25, 26]. Furthermore, we also excluded individuals who consumed less than 50 kcal (n = 3) or more than 6,000 kcal (n = 24) per day to account for slight variations in dietary collection and cleaning methods between the surveys. Only those with intakes greater than 6,000 kcal were recorded for 2012, and those with intakes less than 50 kcal were recorded for 2016. Thus, the study sample included 14,242 individuals, composed of preschool children (1–4 y), school-aged children (5–11 y), adolescent (12–19 y) and adult (≥ 20 y) men, and nonpregnant, nonlactating adolescent and adult women with complete socioeconomic information (n = 10,062 for ENSANUT 2012 and n = 4,180 for ENSANUT 2016).

Dietary assessment
The 24-h recall was collected by trained interviewers between Monday and Sunday using an automated 5-step multiple-pass method [27]. Participants ≥ 15 years old were asked to report all foods and beverages consumed the previous day. For children and adolescents younger than 15 years, the person responsible for food preparation in the household was asked to provide information regarding their intake, with children or adolescents complementing the interview by reporting food eaten away from home. Interviewers assisted participants to avoid omissions and were provided with a food scale, measuring cups and serving spoons to help with the estimation of portion sizes. Tortilla and other typical foods of specific regions were weighted to capture variability from different regions of the country. Intake could be reported as individual foods or beverages (e.g., chips or water) or mixed dishes/beverages (e.g., stew or coffee with sugar). Mixed dishes and beverages could be either disaggregated to their ingredients if the participant knew the amounts used in their preparation or recorded as a standard preparation if eaten away from home or if the amounts used were unknown. For the purposes of this analysis, standard preparations were disaggregated to their ingredient level. For instance, a beef stew was disaggregated to beef, potato, carrot, tomato, etc. Energy and nutrient content was estimated using the 2016 food composition table compiled by the National Institute of Public Health (Nutrient Database, Compilation of the Mexican National Institute of Public Health, unpublished material, 2016).

EAT-Lancet diet quality index
We used an EAT-Lancet index, developed by Stubbendorff et al., to assess adherence to the EAT-Lancet reference diet, with some minor adaptations [28]. A total of 14 components were included in the index construction, including components that should be consumed in adequate amounts or “emphasized intake” and components that should be consumed in moderation or “limited intake”. The emphasized components were 1) vegetables, 2) fruits, 3) whole grains, 4) legumes, 5) seafood, 6) nuts, and 7) unsaturated oils. The limited components were 1) beef and lamb, 2) pork, 3) poultry, 4) eggs, 5) dairy, 6) potatoes and 7) added sugar. Scores between 3 and 0 were assigned for each component, with 3 indicating compliance and 0 indicating noncompliance. Hence, the score ranged from 0 to 42 points. Whole grains were defined as grains with ≥ 10 g of total fiber per 100 g of carbohydrates and refined otherwise [29].
Stubbendorff's EAT-Lancet index considered intake in grams as recommended by the EAT-Lancet reference diet. For example, compliance for vegetables consisted of 300 g, which would result in 3 points. The amount of grams per food group from the EAT-Lancet reference diet was only estimated for an intake of 2,500 kcal/day, representing the diet of an average adult male. However, since we included all age and sex groups, we recalculated the amounts of grams from Stubbendorff's EAT-Lancet index to a percent of contribution to total daily energy intake to account for lower energy requirements of children and women. For instance, 300 g of vegetables would represent a 3.2% contribution.
Furthermore, the EAT-Lancet reference diet recommends an added sugars intake from 0 to 31 g (< 5% kcal). The EAT-Lancet index by Stubbendorff et al. assigns 3 points for less than 31 g of added sugars, 2 points from 31 to 62 g, 1 point from 62 to 124 g, and 0 points for more than 124 g. We considered these criteria to be too permissive, given that 1 point (62 to 124 g) would represent a contribution between 10 and 20%; therefore, we modified the cutoff points for added sugars as follows: < 5%, 3 points; 5 to 7.5%, 2 points; 7.5 to 10%, 1 point; and > 10%, 0 points (Supplemental Table 1).


Food and beverage prices
We retrieved monthly nominal prices of food and beverages from the National System of Statistical and Geographical Information (INEGI, for its acronym in Spanish), which are used as the imput to calculate the Consumer Price Index (CPI). The CPI measures average weighted price changes of a basket of goods and services that are commonly purchased by urban households [30]. INEGI collected prices from 46 cities distributed across the 32 Mexican states between 2011 and 2016. These cities have a population of > 20,000 inhabitants, including the ten most populated urban zones in the country, representing ~ 66% of the Mexican population. In each city, prices were obtained from a sample of 16,000 sales points (stores, markets, and other vendors), excluding food services. Food and beverage prices are collected byweekly and reported on a monthly basis throughout the year from the different points of sale, and monthly averages are reported on the INEGI website.
Given that INEGI provides data with greater detail about most food and beverage items (e.g., brand and package size) than does the ENSANUT food composition table, many INEGI items were linked to a single food code from ENSANUT. The exception was a few categories from ENSANUT, which were collected at the brand level; thus, these items were matched with a specific item from INEGI (e.g., ready-to-eat cereals). The INEGI data reported prices for unprocessed foods per kilogram of gross weight; thus, we adjusted for refusal to match the net intake in grams. Moreover, some items are reported in other units, such as pieces, a handful, and liters. For those items, we estimated the weight using ENSANUT’s portion and weights table and the density of liquids. To bring food and beverage nominal prices to their equivalent in real prices, we used rthe CPI provided by INEGI whose reference month is July 2018.

Matching of prices with ENSANUT items
We started with 2,133,141 unique prices from 2011 to 2016. For water, we only took prices from 20-L jugs, excluding prices from water bottles (n = 20,342), to consider water intake within households [31]. We also identified items which prices per year had a coefficient of variation above 80, and reviewed them individually. A total of 976 unique prices were excluded for possible errors. Thus, the remaining 2,111,823 unique prices were used to estimate average prices.
To account for seasonal and regional variability, we estimated average prices at four levels: 1) quarterly averages at the regional level according to the four regions used in ENSANUT (north, center, south, and Mexico City), 2) annual averages at the regional level, 3) national annual averages, and 4) national total average from 2011 to 2016. Any average that had fewer than five observations was excluded. Of all the foods and beverages reported in ENSANUT, 85.8% were matched with quarterly averages at the regional level, 3.5% were matched with annual averages at the regional level, 6.4% with national annual averages, and 3.7% with national total averages. The remaining 0.6% of the reported items in the ENSANUT lacked a direct match, so these items were instead matched to a group or subgroup average.

Statistical analysis
We estimated proportions and 95% confidence intervals (95% CIs) to describe the sample by sociodemographic characteristics, including age group, sex, SES, region, place of residence, and survey. The SES index was determined through principal component analysis, considering household characteristics and assets. Subsequently, households were classified into tertiles. Region was divided into North, Central, Mexico City, and South. Place of residence was categorized as rural if the location had fewer than 2,500 inhabitants and urban otherwise. To adjust the cost by total energy intake, we estimated the cost residuals centered at the mean by regressing the diet cost on energy intake and then calculated the residual of the regression, followed by adding the mean of the diet cost to the calculated residual, hereafter referred to as diet cost residuals. This way the cost comparison is not influenced by differences in total energy intake that can be observed between age, sex, or socioeconomic groups.
We dichotomized the diet cost residuals at the median to define a low-cost and a high-cost diet. Then, we used multivariate linear regression models to compare the EAT-Lancet index and its 14 components between individuals consuming a low-cost diet and those consuming a high-cost diet. Similarly, we compared the energy intake and cost per 100 kcal among consumers of the index components by diet cost categories. The previous models were adjusted by age group, self-reported sex, SES tertile, region, place of residence, survey, and total energy intake (except for the energy intake comparison). In the tables, we present the predicted means of the EAT-Lancet index, energy intake and cost per 100, which were estimated using the Stata’s margins command.
Finally, we assessed the association between diet cost residuals and the EAT-Lancet index using a pooled multivariate linear regression model. To further assess whether the relationship differed by SES, we repeated the same model but included an interaction term between the EAT-Lancet index and SES tertiles. All analyses were conducted in Stata version 14.1 (College Station, TX: StataCorp LLC) and were weighted to be nationally representative and to account for the complex survey design.


Results
Sociodemographic characteristics of the sample are presented in Table 1. The mean EAT-Lancet index score was 19.9, with a range from 0 to 35 on a possible scale from 0 to 42 (a higher score reflecting a higher adherence to the EAT-Lancet reference diet). The limited intake components had a higher score than the emphasized intake components. The EAT-Lancet index was higher among adults, low-SES individuals, those living in the southern region, and those living in rural areas compared to their respective counterparts. The mean cost of the diet was MXN $52.9 (equivalent to $2.95 USD). Diet cost was higher among adolescents and adults, men, high-SES individuals, and individuals from urban areas compared to their counterparts. Diet cost was also higher among individuals living in Mexico City and the North than among those living in the South. Differences in diet cost adjusted by energy (cost residuals) remained statistically significant for SES, region, and place of residence (Table 1).
Table 1EAT-Lancet index score and diet cost by sociodemographic characteristics


	 	Samplea
	EAT-Lancet Index score
	Emphasized intake score
	Limited intake score
	Energy intake (kcal)
	Costb
(MXN$)
	Cost residualsc
(MXN$)

	 	n
	% [95%CI]
	Mean (95%CI)
	Mean (95%CI)
	Mean (95%CI)
	Mean (95%CI)
	Mean (95%CI)
	Mean (95%CI)

	All
	14,242
	 	19.9 (19.7,20)
	5.7 (5.6,5.9)
	14.1 (14,14.2)
	1833 (1801,1865)
	52.9 (51.6,54.3)
	52.9 (52.0,53.9)

	Age groupsd

	 Preschool
	2,626
	7.8 [7.3,8.4]
	18.1 (17.9,18.4)
	4.6 (4.4,4.8)
	13.6 (13.4,13.8)
	1245 (1200,1289)
	37.6 (36.0,39.2)
	53.2 (52.3,54.1)

	 School-aged children
	3,837
	15.4 [14.6,16.3]
	18.9 (18.6,19.1)
	5.2 (5,5.3)
	13.7 (13.5,13.9)
	1721 (1676,1766)
	48.7 (47.0,50.4)
	51.7 (50.7,52.7)

	 Adolescents
	3,281
	15.7 [14.8,16.6]
	19.2 (18.9,19.4)
	5.3 (5.2,5.5)
	13.9 (13.7,14.1)
	2019 (1970,2069)
	57.6 (55.8,59.5)
	52.7 (51.3,54.0)

	 Adults
	4,498
	61.1 [59.7,62.5]
	20.5 (20.2,20.8)
	6.1 (6,6.3)
	14.4 (14.2,14.5)
	1889 (1840,1938)
	54.8 (52.8,56.8)
	53.3 (52.0,54.6)

	Sex

	 Men
	6,759
	49.1 [47.2,50.9]
	19.8 (19.5,20.0)
	5.7 (5.5,5.8)
	14.1 (13.9,14.2)
	2024 (1975,2073)
	57.0 (54.8,59.1)
	51.9 (50.3,53.5)

	 Women
	7,483
	50.9 [49.1,52.8]
	19.9 (19.7,20.2)
	5.8 (5.6,5.9)
	14.1 (14,14.3)
	1649 (1608,1690)
	49.1 (47.5,50.7)
	54.0 (53.0,54.9)

	Socioeconomic status

	 Low
	6,109
	33.1 [31.1,35.2]
	20.8 (20.6,21.1)
	6 (5.8,6.1)
	14.9 (14.7,15)
	1799 (1750,1847)
	45.1 (43.7,46.5)
	46 (45.2,46.9)

	 Middle
	4,761
	32.2 [30.4,34.1]
	19.7 (19.5,20)
	5.7 (5.5,5.8)
	14 (13.9,14.2)
	1791 (1745,1838)
	51.3 (49.7,53)
	52.4 (51.3,53.6)

	 High
	3,372
	34.6 [32.1,37.2]
	19.1 (18.7,19.4)
	5.6 (5.4,5.9)
	13.4 (13.2,13.7)
	1905 (1838,1972)
	61.9 (59,64.8)
	60 (58.1,61.9)

	Geographical region

	 North
	3,318
	19.6 [17.6,21.8]
	18.5 (18.2,18.8)
	5.1 (4.9,5.3)
	13.4 (13.2,13.6)
	1823 (1748,1898)
	54.4 (51.7,57.2)
	54.7 (53.1,56.3)

	 Central
	5,011
	31.7 [29.5,34.1]
	20.1 (19.7,20.4)
	5.9 (5.7,6.1)
	14.1 (14,14.3)
	1836 (1773,1898)
	53.3 (50.2,56.4)
	53.2 (51.1,55.3)

	 Mexico City
	905
	17.4 [15.3,19.7]
	19.1 (18.7,19.6)
	5.5 (5.2,5.8)
	13.6 (13.4,13.9)
	1829 (1743,1914)
	57.9 (54.7,61.2)
	58.0 (56.0,60.1)

	 South
	5,008
	31.2 [29.1,33.5]
	20.9 (20.5,21.3)
	6.1 (5.9,6.3)
	14.8 (14.6,15)
	1839 (1791,1887)
	48.9 (47.3,50.6)
	48.8 (47.5,50.1)

	Place of residence      

	 Urban
	8,248
	73.9 [72.2,75.6]
	19.3 (19.1,19.6)
	5.6 (5.4,5.7)
	13.8 (13.6,13.9)
	1845 (1803,1887)
	55.7 (54.0,57.4)
	55.4 (54.3,56.5)

	 Rural
	5,994
	26.1 [24.4,27.8]
	21.3 (21.1,21.5)
	6.2 (6.1,6.4)
	15.1 (14.9,15.2)
	1799 (1759,1838)
	45.1 (43.8,46.4)
	46.0 (45.0,46.9)

	Survey      

	 2012
	10,062
	52.1 [49.4,54.8]
	19.9 (19.7,20.1)
	5.7 (5.6,5.8)
	14.2 (14.1,14.3)
	1883 (1850,1915)
	51.8 (50.7,52.9)
	50.5 (49.8,51.2)

	 2016
	4,180
	47.9 [45.2,50.6]
	19.8 (19.5,20.2)
	5.8 (5.6,6)
	14.0 (13.8,14.2)
	1779 (1721,1838)
	54.2 (51.7,56.7)
	55.6 (54.0,57.3)


Data are from the Encuesta Nacional de Salud y Nutrición de Medio Camino 2016 (Ensanut 2016), and the Encuesta Nacional de Salud y Nutrición 2012
aValues are unweighted sample size, weighted percentages and 95% confidence interval
bExchange rate (July 2024): $1 USD = $17.95 MXN
cCalculated cost residuals adjusted by energy intake, centered at the mean cost
dSchool-aged children: 5 to 11 years; adolescents: 12 to 19 years; adults: ≥ 20 years



When comparing the mean EAT-Lancet index scores between individuals classified as having a low-cost diet versus a high-diet cost, those with a low-cost diet had higher scores compared to those with a high-cost diet (score: 20.3 vs. 19.4, p < 0.001) (Table 2). The limited intake score accounted for the overall score difference (14.6 vs. 13.7, p < 0.001). No significant difference was observed in the emphasized intake score. However, there were differences in all the individual components. Vegetables, fruits, seafood, and nuts had higher scores due to higher intake, and eggs and potatoes had higher scores due to lower intake for individuals in the high-cost category compared to those with a low-cost diet. In contrast, whole grains, legumes, and unsaturated oils had higher scores due to higher intake, and beef and lamb, pork, poultry, dairy, and added sugars had higher scores due to lower intake for individuals in the low-cost diet compared to those in the high-cost diet. Notably, the cost per 100 kcal among consumers in the high-cost diet group was higher for nearly all food groups compared to the low-cost diet group, except for nuts and potatoes. This implies that individuals with a high-cost diet opted for more expensive options within the same food group than those with a low-cost diet (Table 2).
Table 2EAT-Lancet index, energy intake, and cost of food groups by diet costa


	 	Index score
	Energy intake, kcal (per capita)
	Cost per 100 kcal, MXN$ (per consumer)

	 	Low cost
	High cost
	p value
	Low cost
	High cost
	p value
	Low cost
	High cost
	p value

	EAT-Lancet Indexb
	20.4 (20.2, 20.6)
	19.3 (19.1, 19.6)
	< 0.001
	 	 	 	 	 	 
	Energy, kcal
	 	 	 	1847 (1805, 1889)
	1819 (1775, 1862)
	0.3
	 	 	 
	Average cost per 100 kcal
	 	 	 	 	 	 	2.19 (2.17, 2.21)
	3.67 (3.62, 3.72)
	< 0.001

	Emphasized intake
	5.75 (5.63, 5.88)
	5.74 (5.56, 5.92)
	0.9
	 	 	 	 	 	 
	Vegetables
	1.15 (1.10, 1.20)
	1.47 (1.41, 1.54)
	< 0.001
	36.9 (35.0, 38.7)
	53.6 (50.6, 56.6)
	< 0.001
	7.62 (7.44, 7.8)
	8.15 (7.99, 8.31)
	< 0.001

	Fruits
	0.81 (0.75, 0.87)
	1.41 (1.33, 1.49)
	< 0.001
	42.7 (38.3, 47.0)
	86.8 (80.2, 93.4)
	< 0.001
	5.91 (5.66, 6.17)
	6.9 (6.69, 7.11)
	< 0.001

	Whole grains
	1.91 (1.86, 1.96)
	1.25 (1.20, 1.31)
	< 0.001
	505 (489, 522)
	328 (316, 341)
	< 0.001
	0.66 (0.64, 0.68)
	0.83 (0.79, 0.87)
	< 0.001

	Legumes
	0.87 (0.81, 0.92)
	0.45 (0.41, 0.05)
	< 0.001
	94.3 (87.3, 101.3)
	46.9 (41.7, 52.2)
	< 0.001
	0.94 (0.91, 0.97)
	1.05 (1, 1.11)
	< 0.001

	Seafood
	0.15 (0.12, 0.18)
	0.36 (0.31, 0.42)
	< 0.001
	4.0 (2.7, 5.3)
	19.0 (14.0, 23.9)
	< 0.001
	9.57 (8.97, 10.17)
	12.2 (11.15, 13.25)
	< 0.001

	Nuts
	0.02 (0.01, 0.02)
	0.05 (0.02, 0.08)
	0.02
	3.0 (1.8, 4.2)
	6.3 (3.4, 9.2)
	0.023
	4.58 (4.34, 4.82)
	4.58 (4.18, 4.98)
	0.7

	Unsaturated oils
	0.85 (0.80, 0.90)
	0.73 (0.66, 0.80)
	0.003
	112 (104, 120)
	98 (85, 111)
	0.03
	0.8 (0.75, 0.86)
	1.12 (1.01, 1.22)
	< 0.001

	Limited intake
	14.6 (14.5, 14.8)
	13.6 (13.5, 13.7)
	< 0.001
	 	 	 	 	 	 
	Beef and lamb
	2.37 (2.31, 2.43)
	1.91 (1.84, 1.99)
	< 0.001
	39.8 (33.6, 46.0)
	106 (93.5, 119)
	< 0.001
	6.18 (5.74, 6.62)
	7.25 (6.88, 7.62)
	< 0.001

	Pork
	2.10 (2.04, 2.16)
	1.94 (1.85, 2.02)
	0.001
	58.7 (51.6, 65.8)
	87.4 (72.1, 102.7)
	< 0.001
	4.64 (4.48, 4.8)
	5.23 (5.08, 5.37)
	< 0.001

	Poultry
	2.47 (2.43, 2.52)
	2.02 (1.95, 2.10)
	< 0.001
	49.8 (44.7, 54.9)
	108 (98.9, 117)
	< 0.001
	4.75 (4.52, 4.99)
	6.25 (6, 6.5)
	< 0.001

	Eggs
	1.74 (1.67, 1.81)
	2.17 (2.10, 2.23)
	< 0.001
	60.1 (55.6, 64.7)
	36.2 (33.0, 39.4)
	< 0.001
	2.71 (2.7, 2.73)
	2.75 (2.72, 2.79)
	0.03

	Dairy
	2.13 (2.08, 2.19)
	1.94 (1.89, 2.00)
	< 0.001
	169 (157, 181)
	190 (180, 201)
	0.01
	2.98 (2.92, 3.05)
	3.5 (3.43, 3.57)
	< 0.001

	Potatoes
	2.65 (2.60, 2.70)
	2.74 (2.71, 2.77)
	0.003
	22.8 (18.1, 27.5)
	16.3 (13.9, 18.7)
	0.02
	2.82 (2.77, 2.86)
	2.87 (2.81, 2.93)
	0.2

	Added sugars
	1.16 (1.09, 1.22)
	0.88 (0.82, 0.95)
	< 0.001
	211 (202, 221)
	246 (237, 256)
	< 0.001
	 	 	 

Values are predicted means and 95% confidence intervals (in parenthesis) estimated with Stata’s -margins-command. Total energy intake model was adjusted by age group, sex, socioeconomic status, geographical region, place of residence and survey year. All other models adjusted by the same covariates plus energy intake
aLow-cost diet defined as cost residuals below the median (n = 8,056), and high-cost diet above the media (n = 6,186). Median: $50.84 MXN
bRange for EAT-Lance score goes from 0 to 42 points, with each component going from 0 to 3 points



We observed a negative and statistically significant association between the EAT-Lancet score and diet cost. For each increase in one point of the EAT-Lancet score, there was an average decrease of MXN$0.4 in the diet cost (p < 0.001), holding covariates constant (Fig. 1A). Interestingly, this relationship held only for those in the low- and middle-SES categories (Fig. 1B). Among those in the low-SES category, a one-point increase in the EAT-Lancet score was associated with an MXN$0.8 lower diet cost (p < 0.001), holding covariates constant. Similarly, for those in the middle SES category, a one-point increase in the score was associated with an MXN$0.5 lower diet cost (p < 0.001). There was no association between the EAT-Lancet score and diet cost for those in the high-SES category.[image: ]
Fig. 1Adjusted prediction (with 95% CI) estimating the association between diet cost* and the EAT-Lancet index.* Diet cost estimated as calculated cost residuals adjusted by energy intake, centered at the mean cost (A) Estimations are based on an ordinary least squares regression model of diet cost (as cost residuals) and the EAT-Lancet index, adjusted by age group, sex, socioeconomic status (SES), geographical region, place of residence and survey year. B Same model as panel A, plus an interaction term between diet cost and socioeconomic status (SES) level.



Discussion
We estimated the association between diet cost and adherence to the EAT-Lancet reference diet in the Mexican population using two different approaches. First, we dichotomized the cost into low- and high-cost and compared the scores of the EAT-Lancet index. We found that those who consumed a low-cost diet had, on average, a diet quality score 0.9 points higher (out of 42 points) than those who consumed a high-cost diet. This difference was due to the limited intake components, including a lower intake of beef and lamb, pork, poultry, dairy, and added sugars. Second, we estimated the association between diet cost and diet quality using both variables as continuous. We found that for each one-point increase in the EAT-Lancet score, there was an average decrease of MXN$0.4 in the diet cost. Interestingly, when we assessed the effect of measure modification by SES, this relationship was observed only for low- and middle-SES individuals. In contrast, the diets of high-SES individuals had the same cost, regardless of adherence to the EAT-Lancet score. It should be noted that the difference in the diet quality score between the low-cost and the high-cost diet is small (0.9 points) because the population was divided only in two groups, and we are not comparing extreme costs (e.g., lowest vs highest quintiles). The linear relation can give a better sense of the magnitude of the association, the one-point increase in the EAT-Lancet score associated with a decrease of MXN$0.4 is equal to a decrease of 2.5 points in the diet quality score for each MXN$1 increase (equivalent to $0.05 USD), which is an important difference in diet quality.
The finding in our study is contrary to what has been previously observed in high-income countries, where a higher diet quality score was associated with higher diet costs. For instance, a higher cost was associated with higher Healthy Eating Index (HEI) 2010 scores in adults from the United States. When divided into cost quintiles, individuals in the highest diet-cost quintile had 22.4 points more (out of 100) in the HEI score than those in the lowest diet-cost quintile. This difference was mainly explained by a greater intake of vegetables, fruits, whole grains, and seafood and a lower intake of refined grains, solid fats, alcohol, and added sugars [32]. In contrast, in our study, a high-cost diet was associated with a lower intake of whole grains and a higher intake of added sugars. In a study with Spanish participants aged 2 to 24 years, a higher adherence to the Mediterranean diet was associated with an increase of 0.71 Euros per day compared to those in the lower adherence group [33]. Results in the same direction were estimated in Malaysian and Belgian adults using the Malaysian Healthy Eating Index and the Mediterranean Diet Score, respectively [34, 35], and in Swedish and Chinese children using the HEI 2005 and the Chinese Children Dietary Index, respectively [15, 36].
Previous results might not be entirely comparable with our results due to the use of different indexes. For instance, the HEI 2010 score adds points to higher intakes of total protein foods and dairy [37], while the EAT-Lancet index adds points to lower intakes of these food groups. These differences might explain why, contrary to our findings, Curi-Quinto et al. reported a positive association between cost and adherence to the HEI 2015 among Mexicans living in urban areas [20]. Yet, as in our study, they found that the association was not the same across the Mexican population, as in the rural population, they found a null association. Likewise, the HEI 2010 considers food groups and nutrients such as refined grains, sodium, and empty calories (solid fats, alcohol, and added sugar). Thus, the HEI 2010 might be more comprehensive in describing the intake of ultra-processed foods, which the EAT-Lancet index does not include. Although the EAT-Lancet index includes added sugar as a nutrient recommended for limited intake, it probably does not capture the intake of the wide range of ultra-processed products consumed by the Mexican population [38], and that has been extensively associated with negative health outcomes [39, 40]. However, to our knowledge, this is the only analysis that has explored the association of diet cost using an index that measures adherence to the EAT-Lancet recommendations.
We also compared the cost per 100 kcal within the 13 food groups between those who consumed a high- and a low-cost diet. We found that those who consumed a low-cost diet opted for options that were, on average, less expensive than those selected by individuals who consumed a high-cost diet for most food groups. Thus, even though much of the literature has explained diet-related inequities due to the higher price of healthy foods [41, 42], at least in Mexico, there are options within healthy food groups, such as vegetables, fruits, whole grains, legumes, and seafood, that are more affordable.
When we compared across food groups, similar to previous studies [12], we found that the cost of vegetables, fruits, and animal products per 100 kcal was higher than that for other food groups. As discussed by Jones, the higher cost largely depends on the unit of analysis since foods with low energy density seem more expensive when the unit of analysis is the cost per 100 kcal, whereas the cost per weight will reflect the contrary [43]. Moreover, similar to other studies [12, 13, 15], a high-cost diet was associated with a higher intake of fruits and vegetables. Therefore, subsidies for fruits and vegetables could be an effective policy to increase their consumption. A meta-analysis of experimental and prospective observational studies estimated that a 10% decrease in price or subsidy for healthy foods increased consumption by 12% [44].
We also found that a higher-quality diet among those who consumed a low-cost diet was explained by a higher intake of whole grains, legumes, and unsaturated oils and a lower intake of beef and lamb, pork, poultry, dairy, and added sugars. However, even among individuals who consumed a low-cost diet, the average intake of added sugars was 11.4% of total energy intake, 1.4 percentage points above the WHO recommendation [45]. In Mexico, several policy measures have been implemented to address the public health issue of obesity and to improve dietary quality. Among these measures, an MXN$1 tax per liter (approximately a 10% price increase) on sugar-sweetened beverages and an 8% tax on nonessential energy-dense foods were implemented in 2014 [46]. Starting in 2020, all packaged products with high content of calories, added sugars, sodium, saturated fat, and trans-fat are required to display a front-of-pack warning label disclosing their content to consumers [47]. Results from the tax evaluation showed decreases in purchases of sugar-sweetened beverages and taxed foods [48, 49]. We examined whether the relationship between diet cost and diet quality differed by survey year, considering that taxes were implemented between 2012 and 2016. However, we found no evidence of effect measure modification. Thus, a higher tax or a redesign toward a sugar-based design (rather than the existing per-unit tax) could have more meaningful effects on total sugar intake [50]. We also explored effect measure modification by sex, without evidence of a difference in the relationship between men and women.
As previously mentioned, the association between diet cost and diet quality differed by SES. Specifically, the dietary cost was the same for high-SES individuals regardless of adherence to the EAT-Lancet index; for low- and middle-SES individuals, greater adherence was associated with a lower diet cost. Within the high SES stratum, higher adherence to the EAT-Lancet is driven by a higher intake of expensive options such as fruits and seafood, and lower adherence is also driven by expensive options such as red meats, poultry and dairy. Therefore, both higher and lower adherence end up with similar costs. In the lower- and middle-SES strata, greater adherence is driven mainly by less expensive options such as whole grain and legumes (Supplemental Table 2). This finding is in line with what Batis et al. reported in a modeling study in which they generated diet baskets that followed the EAT-Lancet reference diet and compared it with the current diet [22]. Their main finding was that the cost of the EAT-Lancet baskets was lower than that of the current diet baskets due to the savings associated with lower amounts of animal products, sugar-sweetened beverages, and other discretionary foods. However, there was a great overlap in the distribution of diet baskets, suggesting that a diet with specific characteristics could have a wide range of costs.
Several limitations need to be acknowledged. First, as with any data that rely on self-reports, measurement error may affect intake estimates obtained from 24-h dietary recalls. Recall bias and selective underreporting, particularly of foods perceived as unhealthy by the participants, are common issues that affect 24-h recalls [51, 52]. However, 24-h recalls provide very detailed information on food and beverage consumption, which allowed us to match each food to a specific cost. Second, the methodology we used to match food and beverage costs to dietary intake might not reflect the actual cost paid by individuals [53]. We estimated regional and quarterly average prices using data from urban areas and assumed to reflect the cost individuals from a nationally representative sample would pay for food. Nevertheless, large variations could exist within regions, between rural and urban areas, and across individuals. For instance, there could be variations between food prepared at home and purchased away from home or between brand foods and generic or low-cost options. Moreover, there could be differences across SES groups given that low-income families tend to buy in smaller shops with higher costs, while high-income families can afford to buy in bulk, facing lower costs per unit. Third, our cost estimation does not take into account the time and other costs associated with food preparation, given that ready-to-eat foods might have a higher cost but would minimize the time and costs associated with preparation. In contrast, other foods, such as dry legumes, might have lower costs but would need time plus gas or electricity for cooking.
Nevertheless, our study also has several strengths. Although we cannot estimate the actual cost paid by individuals in the sample, the CPI and the ENSANUT data allowed us to consider temporal and spatial variations in food and beverage costs. Our methodology also considered yield factors, increasing the precision of actual costs. Seasonal variation in food prices are not very large in Mexico [22], but still it is an strength that by using ENSANUT data from 2012 and 2016, which were collected in non-overlapping months, all months of the year were represented in our analysis. Having a nationally representative sample allowed us to compare across SES groups. Moreover, the EAT-Lancet index that we used was validated by Stubbendorff et al. in a Swedish cohort with a mean of 20 years of follow-up, showing that higher adherence to the index was associated with lower all-cause mortality, cancer mortality, and cardiovascular mortality [28].

Conclusions
Our results show that a higher adherence to the EAT-Lancet reference diet was associated with lower diet costs in the Mexican population. Thus, contrary to evidence from high-income countries, a healthier diet might not imply higher expenditures on food. However, there is still an urgent need to improve dietary quality in the Mexican population, which requires joint actions to make healthier options more accessible, affordable, and available while limiting access to and marketing of ultra-processed foods and beverages.
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