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Abstract
Background
Tools for measuring adherence to sustainable healthy diets among children and adolescents are lacking.

Objective
To advance methods for measuring adherence to sustainable healthy diets among children and adolescents by adapting an existing index, compare scores obtained using the original and adapted versions of the index in a sample of Chilean children, and describe the adapted index association with diet characteristics.

Methods
The Planetary Health Diet Index (PHDI) was adapted to better reflect children's and adolescents’ nutritional requirements. The adapted index (PHDI-C) comprises 16 components with a maximum score of 150 points. PHDI-C was piloted among a sample of 958 Chilean children (3–6 years) using dietary data collected in 2016 through single 24-h recalls. A decision tree and food disaggregation methodology were developed to guide the calculation of scores. Scores obtained using the original and adapted versions of the index were compared. Linear regression models adjusted by child’s gender and age were fitted to explore associations between total PHDI-C score, dietary recall characteristics and nutritional composition of children’s diets.

Results
PHDI accounted for 75.7% of children’s total caloric intake, whereas PHDI-C accounted for 99.6%. PHDI & PHCI-C scores were low among this sample of children; however, mean total score was lower when using PHDI compared to PHDI-C [40.7(12.1) vs 50.1(14.6)]. Children’s scores were very low for nuts & peanuts, legumes, dark green vegetables, whole cereals, tubers & potatoes, and added sugars components across both indices, but were higher for dairy products and eggs & white meats components when using the PHDI-C due to adjustments made to ensure nutritional adequacy. Mean total PHDI-C score was significantly lower on weekends and special occasions, and significantly higher when children reported having a special diet (e.g., vegetarian). Total PHDI-C score was negatively associated with total sugars, saturated fats, trans fats, and animal-based protein intake, and positively associated with total protein, plant-based protein, total carbohydrates, and total fibre intake.

Conclusions
This study provides a replicable method for measuring adherence to sustainable healthy diets among children and adolescents that can be used to monitor trends and measure the effectiveness of actions targeting improving children’s diets.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12966-023-01516-z.
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Introduction
Malnutrition in all its forms, including undernutrition, overnutrition, and diet-related non-communicable diseases [1], is considered the leading risk factor for morbidity and mortality globally [2]. In turn, the negative consequences of climate change are projected to decrease the global food availability by 3.2% per person and fruit and vegetable consumption by 4.0% per person by 2050, leading to 529,000 climate change-related deaths worldwide [3]. These problems are largely driven by the unhealthy and unsustainable ways in which current food systems operate [4]; hence, a significant food system transformation will be required to ensure people’s right to adequate food and the health and sustainability of our planet [5].
This food system transformation should enable consumption of diets that support all aspects of human health, are nutritionally adequate, have a low environmental impact, are affordable, safe, equitable, and culturally acceptable for all [6]. Ideally, such healthy and environmentally sustainable diets (hereafter sustainable healthy diets) should be adopted early in life when long-lasting eating habits are developed [7] and should include safe and clean drinking water, a wide variety of minimally processed foods such as fruit, vegetables, whole grains, nuts, and legumes, and limited ultra-processed products [6]. Occasionally, these diets can include moderate amounts of eggs, dairy, poultry and fish, and small amounts of red meats [6]. To facilitate such food system transformation, the EAT-Lancet Commission proposed a sustainable healthy diet for individuals aged two years and older in 2019 [5]. The diet includes a variety of food groups and a range of caloric intakes to meet children and adults’ nutritional requirements while ensuring consumption patterns stay within planetary boundaries [5]. Countries are encouraged to adapt the EAT-Lancet diet to their specific context and cultural needs and use it for developing dietary recommendations, as well as policies and programs to increase the availability, accessibility, and affordability of healthy and environmentally sustainable foods [5]. The EAT-Lancet diet can also serve as a tool for assessing the nutritional quality and environmental sustainability of populations’ diets, enabling countries to monitor trends and measure the effectiveness of triple-duty actions aimed at addressing obesity, undernutrition, and climate change [5].
Researchers have developed several indices to measure populations’ adherence to the EAT-Lancet diet [8–19]. They include components to account for food groups that should be encouraged (adequacy components) and food groups that should be limited (moderation components). Most have absolute cut-off values (g/day) [8–17] instead of energy-adjusted cut-off values (% of total calories) [18, 19] and use binary [8–11, 18], ordinal [12, 13], or continuous scoring scales [14–17, 19]. The combination of energy-adjusted cut-off values and continuous scoring scales is ideal because energy-adjusted cut-off values allow the index to account for group-specific nutritional requirements compared to absolute cut-off values, and the use of continuous scoring scales increases indices’ ability to discriminate between different levels of diet quality [20]. The only index featuring these two characteristics is the Planetary Health Diet Index (PHDI) developed and validated by Cacau et al. among a representative sample of Brazilian adults [19]. A higher total PHDI score reflects a better adherence to the EAT-Lancet diet and has been significantly associated with higher diet quality [19], lower body mass index and waist circumference [21], lower levels blood pressure, total cholesterol, LDL cholesterol, and non-HDL cholesterol [22], and lower greenhouse gas emissions [19] among a representative sample of Brazilian adults.
Most indices have been used among the adult population, and only a few have been used with children and adolescents [10, 23]. Montejano et al. [10] assessed adherence to the EAT-Lancet diet using a dietary index score among participants from the DONALD (Dortmund Nutritional and Anthropometric Longitudinal Designed) study (≥ 15 years of age), while Marchioni et al. [23] used the Planetary Health Diet Index (PHDI) among a representative sample of the Brazilian population aged 10 years and older. However, none of the indices have been developed to consider the specific nutritional requirements of growing children. This is problematic given the recently estimated micronutrient inadequacies of the EAT-Lancet diet [24]. Beal et al. assessed the micronutrient adequacy of the EAT-Lancet diet for adults (≥ 25 years) and women of reproductive age (15–49 years) and estimated that the EAT-Lancet diet was deficient in vitamin B12, calcium, iron, and zinc, implying that higher intakes of animal-based products are required to achieve micronutrient adequacy among these population groups [24]. Additionally, a study by Lassen et al. [25] using Danish food composition data showed that the EAT-Lancet diet would be deficient in Vitamin A, Vitamin D, Calcium, Iodine, and Selenium for the population aged 6–65 years. Hence, it is likely that higher intakes of animal-based foods such as dairy, eggs, and white meats are also required to achieve micronutrient adequacy for children and adolescents.
To address the need for a tool to measure adherence to sustainable healthy diets among children and adolescents that accounts for the specific nutritional needs of these age groups, this study aimed to 1) advance methods for measuring adherence to sustainable healthy diets among children and adolescents by adapting the PHDI; 2) compare scores obtained using the original (PHDI) and adapted (PHDI-C) versions of the index in a sample of Chilean pre-schoolers; and 3) describe associations between total PHDI-C score, dietary recall characteristics and nutritional composition of children’s diets.

Methods
Study design
This study uses cross-sectional pre-existing data collected in 2016 from the Food Environment Chilean Cohort (FECHiC) to demonstrate the applicability of the PHDI-C. The original study was established in 2016 by researchers at the Institute of Nutrition and Food Technology (INTA) to assess the impact of Chile’s Food Labelling and Advertising Law [26].

Participants
A convenience sample of 961 children aged 3–6 years were recruited from public kindergartens located in low-medium income neighbourhoods of south-eastern Santiago, Chile. The recruitment process and inclusion and exclusion criteria have been described in detail elsewhere [27].

Collection of dietary data
Between April and August 2016, trained dietitians collected FECHiC participants’ dietary intake data from a nominated primary caretaker (usually mothers) through a single 24-h recall. Dietitians followed the United Stated Department of Agriculture (USDA) automated multiple pass method [28] and utilized a software specifically developed for the collection of dietary data (SER 24). This method allowed the collection of specific information on food items including portion size, cooking method, meal occasion (e.g. breakfast, lunch, dinner), mealtime, brand, flavour, and other details, and prompted participants to remember usually forgotten items reducing the risk of recall bias [29]. A photographic atlas of typical Chilean foods and culinary preparations [30] was used to obtain accurate estimation of portion size and enhance food recall. Dietary recall characteristics were also collected and included: day of the dietary recall (weekday vs weekend/holiday), type of eating pattern (typical vs atypical (because of celebration, or sickness, or vacation)), type of diet (normal (i.e., omnivorous diet with no dietary restriction of any kind) vs special (i.e., lactose free, gluten free, vegetarian, or vegan diets)), and reliability of the recall (reliable (i.e., recalls with no missing information) vs unreliable (i.e., recalls with missing information on the amount consumed of some food items)). Participants with unavailable dietary data were excluded from this analysis (n = 3). The analytical sample was 958 participants (Supplemental Fig. 1).

Classification of dietary data
Trained dietitians (n = 3) from INTA categorized all reported foods and beverages according to their description following a food classification system developed by INTA researchers [31]. Standardized recipes were used to disaggregate culinary preparations into ingredients that were classified accordingly (e.g., for spaghetti and Bolognese sauce, pasta was grouped with cereals, ground beef with meats, tomato sauce with industrialized sauces and dressings, onions and carrots with vegetables, and vegetable oil with oils).

Linkage of dietary data with nutrient composition data and ingredient list information
Food items reported in children's dietary recalls were linked to a bespoke food composition database developed for Chile by the University of North Carolina and INTA [32]. This food composition database incorporated data from the USDA National Nutrient Database [33] and from the food labels of packaged products available in Chile during 2016 [32].
Minimally processed foods were linked with nutritional information obtained from the USDA National Nutrient Database [33] allowing a maximum 20% variation from the information declared in the Chilean food composition table [34], while packaged products were linked with nutrition information panels and ingredients lists obtained from packaged foods and beverages available in Chile before the implementation of the Food Labelling and Advertising Law (i.e., before June 26, 2016) [26]. This information was gathered as part of the INFORMAS Chile project [35] during the first quarter of 2015 and 2016 [36].
Once reported food items were linked to corresponding nutritional information, we determined the amount of calories, proteins, fats, carbohydrates, sugars, and fibre consumed by each child.

Development of the Planetary Health Diet Index for children and adolescents (PHDI-C)
With the aim of addressing the need for a tool to measure adherence to sustainable healthy diets among children and adolescents that takes into account their specific nutritional needs, we created a new dietary index based on the PHDI developed and validated by Cacau et al. [19]. The original PHDI has five adequacy components to account for foods that should be encouraged (i.e., nuts & peanuts, legumes, whole cereals, fruits, and vegetables), two ratio components to promote vegetable variety (i.e., dark green vegetables ratio and red and orange vegetables ratio), five optimum components to account for foods that should be consumed within an specific range to ensure both diet quality and environmental sustainability (i.e., eggs, fish & seafood, tubers & potatoes, dairy products, and vegetable oils), and four moderation components to account for foods that should be limited (i.e., red meats, chicken & substitutes, animal fats, and added sugars) [19]. Each PHDI component is associated with specific energy-adjusted cut-off values and a continuous scoring scale resulting in a total score ranging from 0 to 150 points [19]. The original PHDI excludes refined cereals, cocoa powder, baking powder, baking soda, yeast, salt, herbs and spices, artificially sweetened beverages, tea, coffee, water, and alcoholic beverages from its components.
Given the concerns regarding the micronutrient adequacy of the EAT-Lancet diet [24, 25] on which the PHDI is based [19], we developed six sample diets that meet the varying energy and nutrient requirements of boys and girls aged 2 to 18 years. Table 1 illustrates a sustainable healthy diet that meets the average caloric requirements for a six-year-old child; Supplemental Tables 1 and 2 illustrate diets that meet the lowest and the highest caloric requirements for children aged 2–12 years, respectively; Supplemental Tables 3 and 4 illustrate diets that meet the lowest and the highest caloric requirements for adolescents aged 13–18 years, respectively; and Supplemental Table 5 illustrates a diet that meets the highest caloric and nutrient requirements for adolescent girls in reproductive age. Energy requirements were calculated based on the FAO 2004 report on Human Energy Requirements [37]. Macronutrients requirements were calculated as 15% of energy from proteins, 35% from fats, and 55% from carbohydrates as per recommended by the Institute of Medicine [38]. This ensured a safe level of protein intake across the range of ages [39], as well as adequate intakes of fibre and essential fatty acids [38]. Lastly, micronutrients requirements were defined based on Dietary Reference Intakes (DRIs) designed to meet the recommendations for 97.5% of healthy children and adolescents [38, 40] (see Table 1 and Supplemental Tables 1–5).
Table 1Example of a sustainable healthy diet for a six-year-old child with an average caloric requirement of 1,500 kcal/day


[image: ]
USDA United States Department of Agriculture, SAFA Saturated fatty acids, MUFAs Monounsaturated fatty acids, PUFAs Polyunsaturated fatty acids, PHDI Planetary Health Diet Index, PHDI-C, Planetary Health Diet Index for children and adolescents, ReV ratio, Red and orange vegetables ratio, DGV ratio Dark green vegetables ratio, WC ratio Whole cereals ratio
a Each food item is color-coded with its corresponding index component
b Food items’ nutritional composition was obtained from the USDA National Nutrient Database [33]
c The caloric requirement of 1,500 kcal/day corresponds to the average caloric requirement of a 21.7 kg boy aged 6 years and a 20.6 kg girl aged 6 years whose level of physical activity is moderate to high [37]. Macronutrient requirements were calculated based on acceptable macronutrient distribution ranges [38]. Micronutrient requirements were defined based on Recommended Dietary Allowances or Average Intakes for children aged 4–8-year-old [38, 40]
d Components and scores correspond to the PHDI developed and validated by Cacau et al. [19]. Each component is associated to a recommended range of total caloric intake expressed as percentage of total calories, except for the ratio components which are expressed as percentage of total calories from vegetables. All components can score between 0 to 10 points, except for the ratio components which can score between 0 to 5 points, resulting in a total score of 150 points [19]
e Components and scores correspond to the PHDI-C proposed in this study. Each component is associated to a recommended range of total caloric intake expressed as percentage of total calories, except for the DGV ratio and ReV ratio components which are expressed as percentage of total calories from vegetables, and the WC ratio which is expressed as percentage of total calories from cereals. All components can score between 0 to 10 points, except for the DGV and ReV ratio components which can score between 0 to 5 points, resulting in a total score of 150 points. The formula to calculate the score for each component is provided in Table 2


Table 2Components of the Planetary Health Diet Index for children and adolescents (PHDI-C), recommended percentages of total caloric intake for children and adolescents, and formulae to calculate each component score


	PHDI-C Components
	Recommended % of total caloric intake for children a,b
	Recommended % of total caloric intake for adolescents a,b
	Maximum possible score
	Formulae to calculate each component score

	
Optimal value (range)

	
Optimal value (range)


	
Adequacy components


	 Nuts and peanuts
	 ≥ 11.6 (0, 100)
	 ≥ 11.6 (0, 100)
	10
	
[image: $$score\left(x\right)=\left\{\begin{array}{ll}\frac{10\times x}{A}&amp;if\, |x\le A\\ 10&amp;if\, |x&gt;A\end{array}\right.$$]

For a given adequacy component, x is the percentage of calories consumed and A is the optimal recommended value

	 Legumes
	 ≥ 11.3 (0, 100)
	 ≥ 11.3 (0, 100)
	10

	 Fruits
	 ≥ 5.0 (0, 100)
	 ≥ 5.0 (0, 100)
	10

	 Vegetables
	 ≥ 3.1 (0, 100)
	 ≥ 3.1 (0, 100)
	10

	
Ratio components


	 Dark green vegetables ratio
	29.5 (0.0, 100)
	29.5 (0.0, 100)
	5
	
[image: $$score\left(x\right)=\left\{\begin{array}{rl}\frac{C\times x}{A}&amp; if \,|x\le A\\ \left(\frac{C\times 100}{(100-A)}\right)-\left(\frac{C}{(100-A)\times x}\right)&amp; if\, |x&gt;A\end{array}\right.$$]

For a given ratio component, x is the percentage of calories consumed, A is the optimal recommended value, and C is the maximum possible score

	 Red and orange vegetables ratio
	38.5 (0.0, 100)
	38.5 (0.0, 100)
	5

	 Whole cereals ratio
	75.0 (0.0, 100)
	75.0 (0.0, 100)
	10

	
Optimum components


	 Cereals
	30.0 (0.0, 60.0)
	30.0 (0.0, 60.0)
	10
	
[image: $$score\left(x\right)=\left\{\begin{array}{rlr}\frac{10\times x}{A}&amp;if\,|x\le A\\ \left(\frac{10\times B}{B-A}\right)-\left(\frac{10}{(B-A)\times x}\right)&amp;if\,|A&lt;x&lt;B\\ 0&amp;if\,|x\ge B\end{array}\right.$$]

For a given optimum component, x is the percentage of calories consumed, A is the optimal recommended value, and B is the upper limit of the recommended range

	 Tubers and potatoes
	1.6 (0.0, 3.1)
	1.6 (0.0, 3.1)
	10

	 Dairy products
	12.2 (0.0, 24.4)
	6.1 (0, 12.2)
	10

	 Eggs and white meats
	6.2 (0.0, 12.2)
	6.2 (0.0, 12.2)
	10

	 Vegetable oils
	14.1 (0.0, 28.3)
	14.1 (0.0, 28.3)
	10

	
Moderation components


	 Palm oil
	0.0 (0.0, 2.4)
	0.0 (0.0, 2.4)
	10
	
[image: $$score\left(x\right)=\left\{\begin{array}{rlr}10&amp;if\,|x=0\\ 10- \left(\frac{10}{B\times x}\right)&amp;if\,|0&lt;x&lt;B\\ 0&amp;if\,|x\ge B\end{array}\right.$$]

For a given moderation component, x is the percentage of calories consumed, and B is the upper limit of the recommended range

	 Red meats
	0.0 (0.0, 2.4)
	0.0 (0.0, 2.4)
	10

	 Animal fats
	0.0 (0.0, 1.4)
	0.0 (0.0, 1.4)
	10

	 Added sugars
	0.0 (0.0, 4.8)
	0.0 (0.0, 4.8)
	10

	
Total score

	 	 	
150

	 

aAll values were calculated based on the EAT-Lancet diet [5] and modifications were made to meet the nutritional requirements of children and adolescents [38, 40]
bMost values are expressed as percentages of total caloric intake, except for the dark green vegetables and the red and orange vegetables ratio components which are expressed as percentage of total calories from vegetables, and the whole cereals ratio which is expressed as percentage of total calories from cereals



We calculated the PHDI scores for each sample diet following the methods described by Cacau et al. [19] and noted that scores were particularly low for animal-based components (see Table 1 and Supplemental Tables 1–5). Hence, the following adaptations were made to the original PHDI: Firstly, to accommodate children’s iron and vitamin D requirements, we created a single index component for animal-based protein sources that the original index had as separate components: eggs, chicken & other poultry, and fish & seafood [5]. The resulting component (Eggs & white meats) allowed a higher percentage of total caloric intake from eggs & white meats within a range of 0–12.2% of total calories, with an optimal value of 6.2%, which is equal to the sum of the mid caloric intakes proposed by the EAT-Lancet Commission for eggs (0.8%), chicken & other poultry (2.5%), and fish & seafood (2.9%) [5]. The maximum cut-off value was defined using the same logic. Secondly, to accommodate children’s calcium and vitamin D requirements, we doubled the optimal recommended value for dairy products from 6.1% [19] to 12.2% of total calories, and increased the upper limit from 12.2% [19] to 24.4%. We did not do this for adolescents as they were able to meet their calcium requirements by consuming around 6% of total calories from dairy products (see Supplemental Tables 3–5). Thirdly, to ensure the index optimised bioavailability of micronutrients, particularly calcium and iron, we replaced the whole cereals adequacy component with an optimum component that accounts for all cereals (refined and whole), and a whole cereals ratio component to moderate phytate consumption [24]. The optimum component allows a percentage of total caloric intake from cereals within a range of 0–60% of total calories, with an optimal value of 30%. The whole cereals ratio component emphasizes the consumption of whole to refined cereals in a 3:1 ratio, as recommended by Beal et al. after analysing the micronutrient adequacy of the EAT-Lancet diet [24]. Finally, to differentiate palm oil from other vegetable oils, as originally proposed by the EAT-Lancet diet [5], we reduced the maximum percentage of total caloric intake from vegetable oils from 30.7% to 28.3% and established a maximum percentage of total caloric intake from palm oil of 2.4%. With these modifications, the adapted PHDI-C includes four adequacy components (nuts & peanuts, legumes, fruits, and vegetables), three ratio components (dark green vegetables ratio, red and orange vegetables ratio, and whole cereals ratio), five optimum components (cereals, tubers & potatoes, dairy products, eggs & white meats, and vegetable oils), and four moderation components (palm oil, red meats, animal fats, and added sugars) (Table 2). Examples of food items included in each component are described in Supplemental Table 6. We used Cacau et al.’s scoring system, where all index components can score between 0 to 10 points, except for the dark green vegetables and red and orange vegetables ratio components, which can score between 0 to 5 points (to avoid an overrating of the vegetables component from which these two ratio components derive), adding up to a maximum of 10 points [19]. Following this same rationale, the newly added whole cereals ratio component can score between 0 to 10 points. The total PHDI-C score can range from 0 to 150 points. The PHDI-C components, the recommended percentages of total caloric intake for children and adolescents, and the formulae to calculate each component score are provided in Table 2.
When comparing the scores obtained using the original and adapted versions of the index across the six sample diets, total PHDI-C scores were notably higher than total PHDI scores (see Table 1 and Supplemental Tables 1–5).

Calculation of PHDI-C & PHDI scores
We developed a decision tree (Supplemental Fig. 2) and food disaggregation methodology (Supplemental Table 7) to guide the calculation of PHDI-C scores from dietary data. The decision tree (Supplemental Fig. 2) was used to distinguish between: a) food items where calories could be allocated into a single index component without needing disaggregation (e.g., minimally processed foods, culinary ingredients, and processed foods based on a single ingredient plus food additives such as candies, processed meats, and soft drinks); b) composite foods where calories could be allocated into multiple index components and, therefore, needed to be disaggregated into ingredients (e.g., breakfast cereals, cookies, baked products, flavoured milks and yoghurts); and c) food items where calories could not be allocated into an index component (i.e., tea, coffee, cocoa powder, baking powder, baking soda, yeast, salt, herbs and spices). Calories from non-composite foods were allocated directly into each index component as per described in Supplemental Table 6. Then, the food disaggregation methodology (Supplemental Table 7) was used to guide the allocation of calories from composite foods’ main energy sources into corresponding index components. This process was informed by the ingredient list and nutrition information panels of food items reported in children’s dietary recalls. When the ingredient list was not available, we used information from similar products or created approximate recipes based on standard household recipes provided by INTA (available from authors on request). For example, flavoured milks were decomposed into two main calorie sources: milk and sugar. To estimate the caloric contribution of added sugars, we followed the Pan American Health Organization (PAHO) method for estimating free sugars which assumes that 50% of total sugars are intrinsic to milk (i.e., lactose) and 50% are added (i.e., “monosaccharides and disaccharides added to foods and beverages by the manufacturer, cook, and/or consumer plus sugars that are naturally present in honey, syrups and juices”) [41]. Therefore, of the total amount of sugars declared in flavoured milks, we allocated 50% into the added sugars component. All remaining calories, after discounting calories from added sugars, were allocated into the dairy products component. The food disaggregation process was conducted by a trained dietitian (CVH), who recorded all decisions and assumptions made. These decisions were then discussed with a panel of expert dietitians from INTA (n = 4) until agreement on assumptions/decisions was reached. The food disaggregation methodology, rationale and assumptions are described in detail in Supplemental Table 7.
After allocating calories from reported food items into the corresponding index components, we calculated the percentage of calories consumed from each index component relative to the total non-alcoholic caloric intake reported by each child. These percentages were then assessed against the recommended percentages of total caloric intake established for each PHDI-C component and scores were calculated using the formulae described in Table 2.
A similar process was followed to calculate each PHDI component score as per described by Cacau et al. [19]. Individual component scores were then added to obtain PHDI and PHDI-C total scores.

Statistical analysis
We used descriptive statistics to report the PHDI & PHDI-C scores obtained by FECHiC participants. Linear regression models adjusted by child’s gender and age were fitted to explore whether the mean total PHDI-C score changed in expected directions according to dietary recall characteristics (e.g., higher scores when children reported having a special diet compared to a normal diet) and the nutritional composition of children’s diet (e.g., lower scores associated with higher consumption of added sugars or animal-based proteins). We reported adjusted estimates alongside 95% confidence intervals (CI). All statistical analyses were conducted in Stata v17.


Results
Sample description, dietary recall characteristics, and nutritional composition of children's diets
Fifty-two percent (n = 496) of FECHiC participants were female and more than 70% (n = 695) were 3–4 years of age (Table 3). Most dietary recalls were collected on a weekday (n = 821, 86%) and were reported by primary caretakers as children’s typical eating pattern (n = 801, 84%). Ninety five percent (n = 905) of children reported having a normal diet on the day of the dietary recall. Six percent (n = 54) of recalls were deemed to be unreliable by INTA’s dietetics team because of missing information on the amount of food consumed on certain meal occasions. On average, FECHiC participants consumed 1,181 kcal/day with 57% of their calories coming from carbohydrates, 29% from fats, and 14% from proteins. Total sugars contributed to 29% of total calories and consumption of fibre was low (7.2 g/1000 kcal).
Table 3FECHiC participants’ characteristics, dietary recall characteristics, and nutritional composition of children’s diets (n = 958)


	Child characteristics
	n
	(%)

	
Gender


	 Male
	462
	(48.2)

	 Female
	496
	(51.8)

	
Age


	 3–4 years
	695
	(72.6)

	 5–6 years
	263
	(27.4)

	
Dietary recall characteristics

	
n

	
(%)


	
Day of the dietary recall


	 Weekday
	821
	(85.7)

	 Weekend day/holiday
	137
	(14.3)

	
Type of eating pattern on the day of the dietary recall a


	 Typical
	801
	(83.6)

	 Atypical
	157
	(16.4)

	
Type of diet on the day of the dietary recall b


	 Normal
	905
	(94.5)

	 Special
	53
	(5.5)

	
Reliability of the dietary recall c


	 Reliable
	904
	(94.4)

	 Unreliable
	54
	(5.6)

	
Diet nutritional composition

	
Mean

	
(SD)


	
Energy


	 Total energy intake, kcal/day
	1181.4
	(376.8)

	
Macronutrients


	 Total protein intake, % total energy
	14.1
	(3.7)

	 Animal-based protein intake, % total energy
	9.8
	(3.8)

	 Plant-based proteins intake, % total energy
	4.3
	(2.6)

	 Total fats intake, % total energy
	28.7
	(6.6)

	 Saturated fats intake, % total energy
	10.5
	(3.4)

	 Trans fats intake, % total energy
	0.5
	(0.3)

	 Total carbohydrates intake, % total energy
	57.7
	(7.6)

	 Total sugars intake, % total energy
	29.1
	(8.7)

	 Total fibre intake, g/1000 kcal
	7.2
	(4.7)


Abbreviations: FECHiC Food Environment chilean cohort
aTypical eating pattern refers to a recall from a regular day; typical eating pattern refers to a recall from a special occasion such celebration, vacation, or sickness
bNormal diet refers to an omnivorous diet with no dietary restriction of any kind; special diet refers to lactose free, gluten free, vegetarian, or vegan diets
cUnreliable recalls refer to recalls where there was missing information on the amount consumed of some food items




Allocation of calories into corresponding index components and calculation of scores
From 958 dietary recalls and 24,610 observations reported by the sample of Chilean pre-schoolers, we identified 1,736 unique food items (Fig. 1). Calories from 713 (41.0%) and 833 (48.0%) unique food items were allocated into single components of the PHDI and the PHDI-C, respectively. Seven hundred seventy-three unique food items (44.5%) were disaggregated into ingredients and allocated into multiple index components. Of these, 97.4% (n = 753) were disaggregated based on the ingredient list and nutritional information panels declared by manufacturers, and the rest (n = 20, 2.6%) were disaggregated using standard household recipes. Food items included in the PHDI accounted for 75.7% of total calories, whereas food items included in the PHDI-C accounted for 99.6%. This difference was due to the inclusion of refined cereals within the PHDI-C components, which led to a smaller number of excluded food items (n = 130 vs n = 250) and a lower percentage of calories excluded (0.4% vs 24.3%).

Comparison of PHDI & PHDI-C scores
FECHiC participants’ total PHDI and PHCI-C scores were low, indicating low adherence to sustainable healthy diets. Mean total PHDI score was 40.7 (12.1) out of 150 points, with a minimum and maximum score of 3.1 and 80.0 points, respectively (Table 4). In contrast, mean total PHDI-C score was 50.1 (14.6) out of 150 points, with a minimum and maximum score of 9.6 and 97.6 points, respectively.
Table 4Comparison of PHDI & PHDI-C scores among FECHiC participants (n = 958)


	PHDI Components a
	Possible scores
	Participants’ PHDI scores b
	PHDI-C Components c
	Possible scores
	Participants’ PHDI-C scores d

	
Mean (SD)

	
Median (IQR)

	
Min

	
Max

	
Mean (SD)

	
Median (IQR)

	
Min

	
Max


	
Adequacy components

	 	 	 	 	 	
Adequacy components

	 	 	 	 	 
	Nuts & peanuts
	0—10
	0.2 (1.1)
	0.0 (0.0 – 0.0)
	0.0
	10.0
	Nuts & peanuts
	0—10
	0.2 (1.1)
	0.0 (0.0 – 0.0)
	0.0
	10.0

	Legumes
	0 – 10
	1.6 (3.2)
	0.0 (0.0 – 0.6)
	0.0
	10.0
	Legumes
	0 – 10
	1.6 (3.2)
	0.0 (0.0 – 0.6)
	0.0
	10.0

	Whole cereals
	0 – 10
	0.3 (0.9)
	0.0 (0.0 – 0.1)
	0.0
	7.9
	 	 	 	 	 	 
	Fruits
	0 – 10
	6.0 (4.2)
	7.2 (0.8 – 10.0)
	0.0
	10.0
	Fruits
	0 – 10
	6.0 (4.2)
	7.2 (0.8 – 10.0)
	0.0
	10.0

	Vegetables
	0 – 10
	4.1 (3.2)
	3.6 (1.6 – 6.4)
	0.0
	10.0
	Vegetables
	0 – 10
	4.1 (3.2)
	3.6 (1.6 – 6.4)
	0.0
	10.0

	
Ratio components

	 	 	 	 	 	
Ratio components

	 	 	 	 	 
	DGV ratio
	0—5
	0.4 (1.0)
	0.0 (0.0 – 0.0)
	0.0
	5.0
	DGV ratio
	0—5
	0.4 (1.0)
	0.0 (0.0 – 0.0)
	0.0
	5.0

	ReV ratio
	0—5
	2.4 (1.8)
	2.7 (0.0 – 4.0)
	0.0
	5.0
	ReV ratio
	0—5
	2.4 (1.8)
	2.7 (0.0 – 4.0)
	0.0
	5.0

	 	 	 	 	 	 	Whole cereals ratio
	0—10
	0.6 (1.5)
	0.0 (0.0 – 0.1)
	0.0
	9.9

	
Optimum components

	 	 	 	 	 	
Optimum components

	 	 	 	 	 
	 	 	 	 	 	 	Cereals
	0—10
	7.0 (2.2)
	7.5 (5.7 – 8.8)
	0.0
	10.0

	Tubers & potatoes
	0 – 10
	0.5 (1.7)
	0.0 (0.0 – 0.0)
	0.0
	9.9
	Tubers & potatoes
	0 – 10
	0.5 (1.7)
	0.0 (0.0 – 0.0)
	0.0
	9.9

	Dairy products
	0 – 10
	1.1 (2.5)
	0.0 (0.0 – 0.0)
	0.0
	9.9
	Dairy products
	0 – 10
	3.8 (3.4)
	3.6 (0.0 – 7.0)
	0.0
	10.0

	Eggs
	0 – 10
	0.5 (1.7)
	0.0 (0.0 – 0.0)
	0.0
	10.0
	Eggs & white meats
	0 – 10
	2.8 (3.4)
	0.7 (0.0 – 5.8)
	0.0
	10.0

	Fish & seafood
	0 – 10
	0.2 (1.0)
	0.0 (0.0 – 0.0)
	0.0
	10.0
	 	 	 	 	 	 
	Vegetable oils
	0 – 10
	6.2 (2.3)
	6.6 (4.4 – 8.5)
	0.0
	10.0
	Vegetable oils
	0 – 10
	5.6 (2.8)
	5.8 (3.5 – 7.9)
	0.0
	10.0

	
Moderation components

	 	 	 	 	 	
Moderation components

	 	 	 	 	 
	Chicken & other poultry
	0 – 10
	6.8 (4.3)
	10.0 (1.3 – 10.0)
	0.0
	10.0
	 	 	 	 	 	 
	 	 	 	 	 	 	Palm oil
	0 – 10
	4.7 (4.6)
	4.4 (0.0 – 10.0)
	0.0
	10.0

	Red meats
	0 – 10
	4.9 (4.9)
	3.2 (0.0 – 10.0)
	0.0
	10.0
	Red meats
	0 – 10
	4.9 (4.9)
	3.2 (0.0 – 10.0)
	0.0
	10.0

	Animal fats
	0 – 10
	5.4 (4.8)
	10.0 (0.0 – 10.0)
	0.0
	10.0
	Animal fats
	0 – 10
	5.4 (4.8)
	10.0 (0.0 – 10.0)
	0.0
	10.0

	Added sugars
	0 – 10
	0.2 (1.0)
	0.0 (0.0 – 0.0)
	0.0
	10.0
	Added sugars
	0 – 10
	0.2 (1.0)
	0.0 (0.0 – 0.0)
	0.0
	10.0

	
TOTAL

	
0—150

	
40.7 (12.1)

	
40.5 (32.4 – 49.0)

	
3.1

	
80.0

	
TOTAL

	
0—150

	
50.1 (14.6)

	
50.0 (39.5 – 59.8)

	
9.6

	
97.6



Abbreviations: PHDI Planetary health diet index, PHDI-C Planetary health diet index for children and adolescents, FECHiC Food environment chilean cohort, DGV Dark green vegetables, ReV Red and orange vegetables, SD Standard deviation, IQR Interquartile range, Min Minimum, Max Maximum
aExamples of food items included in each component are described in Cacau et al.’s supplemental Table 1 [19]
bPHDI scores were calculated as described by Cacau et al. [19]
cExamples of food items included in each component are described in Supplemental Table 6
dPHDI-C scores were calculated as described in Table 2



Individual component scores were very low for nuts & peanuts, legumes, dark green vegetables, whole cereals, tubers & potatoes, and added sugars across both indices, with at least three quarters of the sample scoring less than 1 point (Table 4). Furthermore, when diets were scored using the original PHDI, at least three-quarters of the sample scored 0 points for the dairy products, eggs, and fish & seafood components, whereas when diets were scored using the PHDI-C, the median scores for the dairy products and eggs & white meats components were 3.6 (IQR 0.0 – 7.0) and 0.7 (IQR 0.0 – 5.8) points, respectively. Regardless of the index applied, the only component where at least half of the sample obtained 10 points was animal fats.

Associations between total PHDI-C score, dietary recall characteristics and nutritional composition of children’s diets
We observed that the mean total PHDI-C score was significantly lower on weekends compared to weekdays (47.52 [95%CI 45.08, 49.95] vs 50.49 [95%CI 49.50, 51.49]) and when the type of eating pattern on the day of the dietary recall was reported as atypical (because of celebration, sickness, or vacation) compared to typical (47.14 [95%CI 44.86, 49.41] vs 50.64 (95%CI 49.63, 51.65]) (Table 5). Mean total PHDI-C score was significantly higher when children reported having a special diet (e.g., vegetarian diet) compared to a normal diet (i.e., omnivorous) (53.96 [95%CI 50.04, 57.88] vs 49.84 [95%CI 48.89, 50.79]). Moreover, total PHDI-C score was positively associated with total protein, plant-based protein, total carbohydrates, and total fibre intake, and negatively associated with animal-based protein, total fat, saturated fats, trans fats, and total sugars intake. These associations remained statistically significant after adjusting for child’s gender and age.[image: ]
Fig. 1Application of the decision tree and food disaggregation methodology to allocate calories from reported food items into corresponding index components. Abbreviations: PHDI, Planetary Health Diet Index; PHDI-C, Planetary Health Diet Index for children and adolescents. a Includes refined cereals, cocoa powder, baking powder, baking soda, yeast, salt, herbs and spices, artificially sweetened beverages, tea, coffee, water, and alcoholic beverages (i.e., wine used in culinary preparations). b Includes cocoa powder, baking powder, baking soda, yeast, salt, herbs and spices, artificially sweetened beverages, tea, coffee, water, and alcoholic beverages (i.e., wine used in culinary preparations)

Table 5Associations between total PHDI-C score, dietary recall characteristics, and nutritional composition of children’s dietsa


	 	
TOTAL PHDI-C SCORE b


	 	
Unadjusted estimates c

	
Adjusted estimates d


	 	
Mean (95% CI)

	
Diff (95% CI)

	P-value
	
Mean (95% CI)

	
Diff (95% CI)

	
P
-value


	
Dietary recall characteristics


	
Day of the dietary recall


	 Weekday
	50.49 (49.50, 51.49)
	 	 	50.51 (49.51, 51.50)
	 	 
	 Weekend/holiday
	47.52 (45.08, 49.95)
	-2.97 (-5.61, -0.34)
	0.027*
	47.42 (44.97, 49.87)
	-3.09 (-5.73, -0.44)
	0.022*

	
Type of eating pattern e


	 Typical
	50.64 (49.63, 51.65)
	 	 	50.65 (49.65, 51.66)
	 	 
	 Atypical
	47.14 (44.86, 49.41)
	-3.50 (-5.99, -1.02)
	0.006*
	47.08 (44.80, 49.36)
	-3.57 (-6.06, -1.08)
	0.005*

	
Type of diet f


	 Normal
	49.84 (48.89, 50.79)
	 	 	49.84 (48.89, 50.79)
	 	 
	 Special
	53.96 (50.04, 57.88)
	4.12 (0.09, 8.15)
	0.045*
	53.98 (50.06, 57.90)
	4.14 (0.11, 8.18)
	0.044*

	
Reliability of the dietary recall g


	 Reliable
	50.26 (49.31, 51.21)
	 	 	50.27 (49.31, 51.22)
	 	 
	 Unreliable
	46.82 (42.94, 50.71)
	-3.44 (-7.44, 0.56)
	0.092
	46.72 (42.83, 50.60)
	-3.55 (-7.55, 0.45)
	0.082

	
Diet nutritional composition


	
Energy


	 Total energy intake, kcal/day
	 	-0.00 (-0.00, 0.00)
	0.835
	 	-0.00 (-0.0, 0.0)
	0.733

	
Macronutrients


	 Total protein intake, % total energy
	 	0.44 (0.19, 0.69)
	0.001*
	 	0.44 (0.19, 0.69)
	0.001*

	 Animal protein intake, % total energy
	 	-0.46 (-0.69, -0.22)
	 < 0.001*
	 	-0.45 (-0.69, -0.22)
	 < 0.001*

	 Plant protein intake, % total energy
	 	1.94 (1.59, 2.28)
	 < 0.001*
	 	1.94 (1.60, 2.28)
	 < 0.001*

	 Total fat intake, % total energy
	 	-0.41 (-0.54, -0.27)
	 < 0.001*
	 	-0.41 (-0.55, -0.27)
	 < 0.001*

	 Saturated fats intake, % total energy
	 	-2.00 (-2.24, -1.76)
	 < 0.001*
	 	-2.01 (-2.25, -1.76)
	 < 0.001*

	 Trans fats intake, % total energy
	 	-11.03 (-14.12, -7.93)
	 < 0.001*
	 	-11.12 (-14.23, -8.01)
	 < 0.001*

	 Carbohydrates intake, % total energy
	 	0.29 (0.17, 0.41)
	 < 0.001*
	 	0.29 (0.17, 0.41)
	 < 0.001*

	 Total sugars intake, % total energy
	 	-0.14 (-0.24, -0.03)
	0.012*
	 	-0.14 (-0.24, -0.03)
	0.011*

	 Total fibre intake, g/1000 kcal
	 	1.49 (1.32, 1.66)
	 < 0.001*
	 	1.49 (1.32, 1.66)
	 < 0.001*


Abbreviations: PHDI-C Planetary Health Diet Index for children and adolescents, CI Confidence interval, diff difference
a958 participants (4–6 years) from the Food Environment Chilean Cohort (FECHiC) were included in the analysis
bTotal PHDI-C score range: 0–150 points
cEstimates and p-values from linear regressions models including one characteristic at a time
dEstimates and p-values from linear regression models including one characteristic at a time, adjusted for child’s gender (female vs male) and age (i.e., 3–4 years vs 5–6 years)
eTypical eating pattern refers to a recall from a regular day; atypical eating pattern refers to a recall from a special occasion such celebration, vacation, or sickness
fNormal diet refers to an omnivorous diet with no dietary restriction of any kind; special diet refers to lactose free, gluten free, vegetarian, or vegan diets
gUnreliable recalls refer to recalls where there is missing information on the amount consumed of some food items
*P-value < 0.05





Discussion
We adapted the PHDI developed and validated by Cacau et al. [19] to better reflect children and adolescents’ micronutrient requirements. We piloted the adapted index among a sample of Chilean pre-schoolers and compared the scores obtained using the original and adapted versions of the index. Our results showed that the original PHDI accounted for 75% of children’s total caloric intake, whereas the adapted PHDI-C accounted for almost 100%. This was due to the inclusion of refined cereals within the PHDI-C components. Total PHDI & PHDI-C scores were low among this sample of Chilean pre-schoolers; however, the mean total score was lower when diets were scored using the PHDI compared to PHDI-C. Individual component scores were very low for nuts & peanuts, legumes, dark green vegetables, whole cereals, tubers & potatoes, and added sugars across both indices, and were particularly lower for the dairy products, eggs, and fish & seafood components when using the PHDI compared to the PHDI-C. Regardless of the index applied, animal fats was the only component where at least half of the sample obtained 10 points.
Differences observed in individual component scores between the indexes (e.g., higher scores for the dairy products and eggs & white meats components when the PHDI-C was used) are in line with the modifications we made to adapt the PHDI to better reflect children’s and adolescents’ nutritional requirements, including allowing a higher percentage of calories from the dairy products component and merging eggs, fish & seafood, and chicken & other poultry into a single index component (i.e., eggs & white meats).
Our results also showed that the mean total PHDI-C score shifted in the expected direction with dietary recall characteristics (e.g., decreasing on weekends and special occasions, and increasing when children reported having a special diet such as a vegetarian diet), and with the nutritional composition of children’s diet (e.g., increasing with total protein, plant-based protein, total carbohydrates, and total fibre intake, and decreasing with total sugars, saturated fats, trans fats, and animal-based protein intake). However, a validation of the PHDI-C against gold standard measures of diet quality and diet-related environmental impact indicators is still required.
Our findings are consistent with previous studies conducted in children and adolescents [10, 23, 42]. Montejano et al. [10] assessed adherence to the EAT-Lancet diet among participants from the DONALD study (≥ 15 years of age) using a dietary index specifically developed for that purpose. They found that adherence to the EAT-Lancet diet was moderate, with the majority of participants obtaining more than 50% of the maximum score. The dietary index score was positively associated with plant-based protein and fibre intake, and negatively associated with added sugars, total and animal-based protein, and cholesterol intake. Marchioni et al. [23] assessed adherence to the PHDI among a representative sample of the Brazilian population (≥ 10 years of age) and found that adherence was low (45.9 [95%CI 45.6, 46.1] out of 150 points), with lowest scores observed for the nuts & peanuts, whole cereals, dark green vegetables ratio, eggs, fish & seafood, and tubers & potatoes components. Lastly, Bäck et al. [42] described how far Finnish pre-schoolers (3–6 years) were from meeting the targets set by the EAT-Lancet Commission using dietary targets calculated based on children’s mean dietary intake. They found that children’s consumption of nuts, legumes, whole cereals, vegetables, and unsaturated oils was lower than recommended, and that consumption of added sugars, red meats, dairy products, and tubers & potatoes were above the EAT-Lancet recommendation. Similar to our findings regarding animal fats, Bäck et al. reported that there was a high proportion of Finnish pre-schoolers who met the target for saturated fats [42]. This collective evidence highlights the large dietary gap between current diets and sustainable healthy diets and calls for triple-duty actions aimed at improving children's adherence to sustainable healthy diets for better human and planet health.
Strengths and limitations
PHDI-C provides researchers with a nutritionally adequate tool for use in children and adolescents that allows comparison of current diets with sustainable healthy diets and provides a score that can be used to examine associations with a wide range of outcomes. The use of energy-adjusted cut-off values gives the PHDI-C the ability to account for age-specific energy and nutrient requirements, and the use of continuous scoring scales over dichotomous scales increases the index's discriminatory power [20].
An important contribution of this study is the development of a decision tree and food disaggregation methodology to guide the allocation of calories from reported food items into index components. Similar processes have been described in previous studies [8, 10, 12, 15, 19], but not in sufficient detail to replicate the methods, particularly when it comes to allocating calories from composite foods into multiple index components. Some studies allocated composite foods into a single index component, for example by allocating deep-fried potatoes into the ‘tubers or starchy vegetables’ component [8, 12], whereas others disaggregated composite foods into ingredients [10, 15, 19], for example by decomposing deep-fried potatoes into potatoes and vegetable oils, allocating each ingredient in the corresponding index component [19].
Among the three studies that disaggregated composite foods into ingredients [10, 15, 19], two provided a brief explanation on how to conduct this procedure on processed and ultra-processed products [10, 19]. Cacau et al. [19] created recipes based on Brazilian household standard recipes, whereas Montejano et al. [10, 43] created recipes based on the ingredients list and nutritional information panels of packaged products. Given the richness of our data, we were able to use the ingredients list and nutritional information panels to disaggregate 97.4% of composite products reported in our database, limiting the creation of recipes based on household standard recipes to less than 3% of products.
To counteract the lack of a replicable methodology explaining how to disaggregate processed and ultra-processed products into ingredients and allocate their calories into multiple index components [10, 15, 19], our study provides a detailed description of the assumptions and associated rationale guiding every decision. Assumptions were based on widely used methodologies, where possible, such as the PAHO method for estimating free sugars [41], and were supported by a group of expert dietitians. Because it does not rely on creating approximate recipes based on household standard recipes, it may be more useful for disaggregating ultra-processed products which contain ingredients created for industrial rather than household use [44]. Finally, along with the work of the EAT-Lancet Commission and others, this paper advances research on healthy diet metrics by including an explicit planetary component.
We have shown that the application of the PHDI-C is feasible among a sample of Chilean pre-schoolers; however, there are some limitations. Firstly, the availability of dietary data from a single 24-h recall limited our ability to provide a representative measure of children’s usual intake [45]. A better estimate of children’s usual intake could have been obtained if we had had access to a minimum of three 24-h multiple pass recalls conducted over weekdays and weekend days [45]; however, this information was not available. We also acknowledge that this type of dietary assessment method is susceptible to recall bias [46]; nonetheless, the involvement of trained dietitians in conducting the dietary recalls following the USDA multiple-pass method and using primary caretakers as proxy reporters likely contributed to minimizing the risk of recall bias [29, 45]. Secondly, the use of pre-existing data from a convenience sample of Chilean children aged 3–6 years means that the results reported in this study cannot be generalizable to the entire paediatric Chilean population. Furthermore, it restricted our ability to pilot the index applicability to preschool children only. While having data on school children and adolescents would have strengthened our analysis, we did not have access to this information. Future studies should be conducted among these age groups. Thirdly, the index application requires detailed dietary data, nutrient composition information and, ideally, the ingredients list for all reported packaged food items. Where sufficiently detailed information is not available, the methodology will lose precision and should be used with caution. Participating in the INFORMAS project might help countries obtain relevant information [35]. Fourthly, the use Chilean dietary data in this study means the decision-making process used to disaggregate composite foods and allocate calories into multiple index components may only be applicable to countries with a similar food supply to Chile. Nevertheless, the list of food items disaggregated was vast (more than 1,000 unique products), and countries could use the methodology to create approximate recipes after looking at ingredients lists for products manufactured locally. Fifthly, even though the PHDI-C is based on the PHDI, which has been previously validated against measures of diet quality and environmental sustainability among Brazilian adults, the adapted PHDI-C has yet to be validated for children and adolescents.
Our findings showed that the mean total PHDI-C score was lower on weekends and special occasions (e.g., holidays or celebrations), and was higher when mothers reported children had a special diet (e.g., vegetarian diet). Furthermore, the total PHDI-C score was positively associated with total protein, plant-based protein, total carbohydrates, and total fibre intake, and negatively associated with total sugars, saturated fats, trans fats, and animal-based protein intake. These results suggest that the adapted PHDI-C might be positively associated with diet quality, but an index validation is still required. Also, the lack of environmental impact data for Chile prevented us from exploring the association between the adapted PHDI-C and diet-related environmental impact indicators. However, given that the modifications introduced to create the PHDI-C did not surpass the maximum levels of energy intake recommended by the EAT-Lancet commission [5], it is likely that these associations remain for the PHDI-C. Although, a common limitation of indices developed based on the EAT-Lancet diet is that the EAT-Lancet Commission centred its recommendations on environmental impact indicators from life-cycle analyses of agricultural commodities [5]. Consequently, the PHDI-C may underestimate the overall diet-related environmental impact because it does not account for the environmental impact associated with processing, packaging, distributing, storing and preparing processed and ultra-processed foods [47]. Finally, the absence of micronutrient composition information on FECHiC participants’ dietary recalls prevented us from exploring associations between total PHDI-C score and micronutrient adequacy of children’s diets. This should be explored in future studies.


Conclusions
The PHDI-C provides a replicable method for measuring adherence to sustainable healthy diets among children and adolescents that takes into account their specific nutritional needs. The use of this tool will enable researchers and decision-makers with access to children's dietary data to monitor in-country trends and cross-country differences in adherence to healthy, nutritious, and environmentally sustainable diets that can help guide the food system transformation required to improve child and planetary health [5, 48]. Furthermore, it can serve as a dietary metric to measure the effectiveness of triple-duty actions aimed at improving children's diets towards addressing the global syndemic of obesity, undernutrition, and climate change.
Future studies should evaluate the validity of the PHDI-C for measuring the quality, nutritional adequacy, and environmental sustainability of diets among children and adolescents of different cultures and age groups.
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