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FAO principles: Sustainable healthy diets… 
• ….are based on a great variety of unprocessed or 

minimally processed foods, balanced across food 
groups, while restricting highly processed foods 
and beverages. 

• … include wholegrains, legumes, nuts and an 
abundance and variety of fruits and vegetables. 

• … can include moderate amounts of eggs, dairy, 
poultry and fish; and small amounts of red meat. 

• … include safe and clean drinking water as the 
fluid of choice. 

• … reduce food loss and waste. 

 



What are healthy nutrient dense foods? 
 



The concept of nutrient density @2010 

What are healthy nutrient dense foods? 
 



The concept of nutrient density @2010 

What are healthy nutrient dense foods? 
 



Nutrient density in US Dietary Guidelines 



FAO does not mention “affordable” – why? 



Sustainability includes an economic component 

• The four domains of sustainable healthy diets are 
nutrition, economics, society and the 
environment.  

• Sustainable healthy diets need to be nutrient-
rich, affordable, socially acceptable and culturally 
appropriate, and with low impact on the 
environment. 
• Drewnowski, A.; Darmon, N.; Monsivais, P. Affordable Nutrient Density: Toward 

Economic Indicators of Sustainable Healthy Diets. Sustainability 2021, 13, 9300.  
https://doi.org/10.3390/su13169300  
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All four domains need metrics and measures 

Nutrition 
and health  

 

Sustainable  
diets 

Nutrient density: Nutrient 
profiling of foods, meals and 
food patterns 

Affordability: 
Kcal or 
nutrients/penny 
in relation to wages  

Environmental cost: What is the 
nutrition-relevant functional unit nFU? 

Minimally processed, 
processed, and ultra-
processed foods: 
NOVA 
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The four domains are not additive 

Nutrition 
and health  

 

Sustainable  
diets 

Nutrient dense foods have high 
environmental cost (animal 
protein, fresh produce) 

Lowest cost foods (oil, 
sugar) are nutrient 
poor but have low 
carbon cost 

Empty calories (sugar) have low 
impact on the environment (land, 
water, energy use) 

Minimally processed 
foods are expensive 
and generate more 
waste at consumer 
level. UPF are low 
cost but can have 
low nutritional value 



One:  
Measuring nutrient density of foods 



What is nutrient density? 



Nutrient-by-nutrient models 

Nutrient-by-nutrient models 
• Calories. 

• Total, added, or free sugar. 

• Total fat, saturated fat, trans fat. 

• Salt (sodium). 

Nutrient-by-nutrient profiles for Front of 
Pack labels (FoPL) FOP  went from neutral 
Guideline Daily Amounts, to colored Traffic 
Lights and to black warning signs 



Composite nutrient profiles for FoPL 

• Foods are rated (or ranked) based on their overall 
nutritional value per reference amount. 
– 100g, 100 kcal, or serving size 

• Each food is awarded a single score based on: 
– Negative nutrients only (saturated, fat, total, added or free 

sugars, sodium) 

– Positive nutrients only (protein, fiber, vitamins and minerals). 

– A balance of positive and negative nutrients (compensatory 
models).  

• Models can be across-the-board or category specific. 

• NP models can include dietary components 
 

 
 



Nutrition Reviews, Volume 66, Issue 1, 1 January 2008 

The NRF index and Nutri-Score 

Nutri-Score point system  

Vitamin D 
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NRF7.3 nutrient density score 

Fortification 



Nutri-Score for plant based “milks” 
Score depends on policy decisions -- plant based beverages are treated as solids in France 

Plant-based beverages treated as liquids Plant-based beverages treated as solids 



Nutrition Reviews, Volume 66, Issue 1, 1 January 2008, Pages 23–39, https://doi.org/10.1111/j.1753-4887.2007.00003.x 

NRF 9.3 also captures micronutrients 

Vitamin D 

https://doi.org/10.1111/j.1753-4887.2007.00003.x
https://doi.org/10.1111/j.1753-4887.2007.00003.x
https://doi.org/10.1111/j.1753-4887.2007.00003.x


NR Macronutrients Vitamins Minerals Reference 

Nutrients to encourage – positive NRn subscore 

NR5 Protein, fiber Vit C Ca, Fe AFSSA 2008   

Priority Protein (PDCAAS) Folate, vit A, vit B12 Ca, Fe, Zn Beal et al.  

NR6 Protein, fiber Vit A, C Ca, Fe Drewnowski et al 2008 

NR9 Protein, fiber Vit A, C, E (D)  Ca, Fe, Mg, K Drewnowski  et al 2008 

NR12 Protein, fiber Vit A, C, E, B1, B2, B12 Ca, Fe, Zn, K Drewnowski et al 2008 

NR14 Protein, fiber Vit C, D, E, B1, B2, B12, , folate Ca, Fe, Zn, K Drewnowski et al 2008 

NNR15 Pro, fiber, MUFA Vit C, D, E, B1, B2, B12, folate Ca, Fe, Zn, K Drewnowski 2005 

Nutrients to limit – negative LIM subscore 

LIM Saturated  fat, added sugar Sodium (Na)  Drewnowski 2008, Darmon 2006 

LIMt Saturated  fat, total sugar Sodium (Na)  Drewnowski 2008, Darmon 2006 

A family of NRFn.3 profiling models 

NRFn.3 = NRn - LIM 

Nutrient standards from FDA, Andes, WHO, FAO, 



Nutrient profiling for LMIC? 

• The purpose of nutrient profiling is to promote 
dietary guidelines and improve population health. 

• HIC health issues are obesity, diabetes, and CVD.  
Dietary guidelines recommend reducing calories, 
fat, sugar and salt. 

• Nutrient density is defined by the absence of 
calories, fat, sugar and salt. 

• Should this be true for LMIC where undernutrition 
and hidden hunger remain a problem? 

• Is water the “highest nutritional quality” beverage 
for Africa? 



• Educational  and Regulatory 
– Front-of-pack letters, symbols, and logos. 
– Nutrition or health claims (EU, US). 
– Marketing to children (FSA-Ofcom) 

• Innovation and reformulation:  
– Product (re)formulation by food industry. 
– Screening of product portfolios (ATNI). 

• Development of new metrics for: 
– Affordable nutrient density 
– Environmental impact (GHGE) 
– Shared social value. 

 

 

Summary: nutrient profiling metrics 



Two: 
What is affordable nutrient density? 



Food expenditures determine nutrient density 
A new focus on affordable nutrient density 

Energy sufficient Nutrient adequate 
(minimum diversity) 

Healthy 
(FAO/Dietary Guidelines) 

Starchy staples Starchy staples Whole grains 

Vegetable oils Animal source foods Total protein foods, dairy, seafood 

Sugar Legumes Legumes, beans, plant proteins 

Vegetables Vegetables (dark green) 

Fruits Fruits (whole) 

Fats and oils PUFA+MUFA/SFA ratio 

Limit starchy staples, sugar, satfat 

Lowest cost  ~1$ Medium cost 3$ Highest cost  5$ (FAO report) 

Will Masters: Food Price in Nutrition project 
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NRF9.3 nutrient density of 6581 foods 
Data for 6581 foods in the FNDDS 2015-16 

Fresh produce 

RTE cereals 

Nuts 

SSB 

Snacks and sweets 

Sweet bakery 

Nutrient Rich Food Index NRF9.3 

Sugar 
Grains 

Meat dishes 

Milk and yogurt 
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Focus on affordable protein: animal and plant 
Data for 6581 foods from USDA FNDDS 2015-16 

bacon 

beef 

lamb 
turkey 

pork 

cheese 

chicken 

ground beef 

fish 

liver 

cold cuts 

Meat mixed dishes 

nutrition bars 

shellfish 

Nuts and seeds 

burgers 
sausages 

tofu 

cheese sandwich 

pizza 

pbj 
cakes 

pasta 

crackers 
RTE cereal 

chocolate 

Size of bubble denotes number of foods in each USDA WWEIA category 
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Focus on affordable protein: animal and plant 
Data for 6581 foods from USDA FNDDS 2015-16 

bacon 
beef 

lamb 

turkey 

pork 

cheese 

chicken 

ground beef fish 

liver 

cold cuts 

Meat mixed dishes 

nutrition bars 

shellfish 

Nuts and seeds 

burgers 

sausages 

tofu 

cheese sandwich 

pizza 

pbj 
cakes 

pasta 

crackers 
RTE cereal 

chocolate 

Size of bubble denotes number of foods in each USDA WWEIA category 

cheese 



The protein quality issue: PDCAAS 

Protein source Factor Protein source Factor 

Cow’s milk, eggs 1.0 Peas/legumes 0.70 

Casein, whey 1.0 Fruits, fresh 0.64 

Pork 0.98 Cereals 0.59 

Beef 0.92 Nuts (pecans) 0.71 

Soy 0.91-1.0 Peanuts 0.52 

Chickpeas, soybeans  0.78 Rice 0.50 

Black beans 0.75 Dried fruit 0.48 

Vegetables 0.73 Wheat 0.42 

Protein Digestibility Corrected Amino Acid Score (PDCAAS) 

Animal proteins are not affected by 
PDCAAS - compare e.g. relative places for 
nuts and seeds and grains after PDCAAS 

Size of bubble denotes number of foods in each WWEIA category 
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Yes, fresh produce is nutrient rich 
Data for 2751 foods from USDA Thrifty Food Plan with  2021 national food prices 

lettuce 

Dk green vegetables 

Size of bubble denotes number of foods in each USDA WWEIA category 

Red/orange veg 
Broccoli 

Cabbage 
Citrus fruit 

Carrots 

Vegetable juice 

RTE cereals low sugar 

RTE cereals 

Nuts and seeds 

Soft drinks 



Healthier diets cost more 
HEI 2010 scores by diet cost quintiles Rehm et al Preventive Medicine 2015 

Men                                                                         Women 



Diet quality depends on where you live 
Soda (SSB) and salad consumption (servings/wk) and HEI scores by Seattle census block 

HEI 2010 diet quality Salad eaters Soda drinkers 



Three: 
Nutrition sensitive Lifecycle Analysis 

nLCA 



FAO 2021 report on nLCA 

• Lifecycle assessments (LCA) evaluate the environmental 
impact of different products, usually on mass-volume basis. 

• The main function/purpose of food items is to provide 
calories and nutrients – not weight. 

• Nutrition provided by different food items varies widely on 
a mass/volume basis 

• We need to define the all-important nutritional ‘functional 
unit’ (FU) for nLCA analyses. 

• We need a nutritional LCA (nLCA). What will it be? 
• FAO report: 30 experts from 18 countries, May-Nov 2021.  

 



Plants will save the planet: EAT-Lancet  

Rice, wheat, corn 
Potatoes, cassava 
Vegetables,  
Fruits 
 
Dairy 153 kcal 
 
Beef, pork – 30 kcal 
Legumes, nuts – 575 kcal 
 



Environmental cost is measured per kilo 
The notion that all plant foods are planet friendly rests on the GHGE per kg metric 



Median GHGE per 1000g PDCAAS protein 
Recalculated data from Poore and Nemecek 2018 
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Nuts

Peas

Groundnuts

Bread, wheat & rye

Cornmeal

Potatoes

Cabbage

Fish (farmed)

Eggs

Poultry

Rice

Pork

Bananas

Tomatoes

Cassava

Milk

Cheese

Other Fruit

Crustaceans (farmed)

Beef (dairy herd)

Lamb & Mutton

Beef (beef herd)

• Planet friendly protein 
• Nuts, peas, peanuts, bread, corn,potatoes 

 
• Cassava < milk, cheese 
• Rice < pork, poultry, eggs 

 



FAO proposes novel functional units - nFU 

LCA metrics: 
GHGE, land use, 

water use 

Kilogram 

1000 kcal        

100g protein 

1000 mg Zn?    

NRF 6.3  score                      

NRF 9.3  score                  

Nutrient profiles   

Health outcomes                      

NCD risks                                    

Affordability/ monetary cost  

Mass-volume 

Calories or protein 
or a nutrient 

Nutrient density 
- Composite scores 

Individual and 
population health risks 

Not considered by FAO 



NRFn.3 nutrient profiles as the new nFU? 



Four: 
The two protein transitions 



The two protein transitions: animal vs. plant 

• Low-income countries replace plant 
with animal proteins – for reasons of 
nutrient adequacy and better health. 

• High income countries replace animal 
proteins with plant proteins – also for 
reasons of nutrient density and better 
health (tipping point at >40,000 USD?). 

• This is predicted by Bennett’s Law 1941. 

• HIC efforts to reduce animal proteins 
may be health oriented but may also 
reflect waning purchasing power of 
Western societies. 

 



Animal protein and plant protein choices in SE Asia 

India GDP 1,900 USD 
Indonesia GDP 3,870 USD 
Malaysia GDP 10,402 USD 
China GDP 10,500 USD 



Growing demand for animal protein: Bennett’s Law 

Is there a tipping point around here? 



Finally: 
The role of minimally processed  

vs. processed and ultra-processed 
foods 



Foods classified as ultra-processed 
• Percent energy from ultra-processed foods (UPF) has been linked to higher risks of 

obesity, type 2 diabetes, metabolic syndrome, hypertension, cardiovascular disease, 
depressive symptoms, cancer, and all-cause mortality.  

• What is the connection? 



What is NOVA about, really? 
• UPFs are industrial formulations of food-derived 

substances that contain little or no whole food and often 
include synthetic flavorings, colorings, emulsifiers, etc.  

• UPF contain additives designed to make the final product 
palatable or more appealing (flavors, flavor enhancers, 
colors, emulsifiers, sweeteners, thickeners etc.  

• UPF have unique non-nutritional attributes, assembled 
into ready-to-consume hyper-palatable foods, that are 
quasi-addictive and promote overconsumption. 

•  UPFs are typically energy-dense products, high in 
calories, added sugar, saturated fats, and salt, and low in 
dietary fiber, protein, vitamins, and minerals. 

 



NOVA categories in 2015-16 FNDDS                                    

NOVA Examples 

Unprocessed Fresh, dry, or frozen fruit, vegetables, grains, legumes, meat, fish, and milk; 

Processed Canned fish, vegetables, artisanal cheeses, and products made by adding 
salt, sugar, oil, or other culinary ingredients to minimally processed foods 

Ultra-processed Instant and canned soups; reconstituted meat and fish; ready-made sauces, 
gravies, and dressings; French fries and chips, RTE and dry-mix desserts; 
confectionery; sweet and savory snacks, granola and protein bars, sugar 
sweetened and diet soda, fruit drinks, bottled tea and coffee, energy drinks, 
and dairy-based drinks; flavored  yogurt; commercial cakes, cookies, and 
pies; dry cake and pancake mixes; breads; sweet breakfast cereals; frozen 
and RTE meals; ice cream, frozen yogurt, ices; meatless patties and fish sticks  

Culinary 
ingredients 

Table sugar, oils, fats, and salt 

Juul et al. published in AJCN January 2022.  
Data codes available on application and approval.  



Are NOVA assignments consistent? 
NOVA category assignments for 8032 FNDDS 2015-16 foods published in Nature Food 2021 



• As many as 6,227 foods out of 8,032 
(77%) in the USDA FNDDS 2015-16 were 
classified as UPF. 

• Only 339 foods (out of 8,032) were 
classified as unprocessed or minimally 
processed (fruit, juice, milk, yogurt). 

• Nobody has questioned this so far. 



NOVA explained: 
Foods falling into the UPF category 

have lower NRF scores  
and are inexpensive 
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Foods classed as UPF cost less per 100 kcal 
Table 2 from Gupta et al 2019  

Gupta S, Hawk T, Aggarwal A, Drewnowski A. Characterizing Ultra-Processed Foods 
by Energy Density, Nutrient Density, and Cost. Front Nutr. 2019 May 28;6:70. doi: 
10.3389/fnut.2019.00070. PMID: 31231655; PMCID: PMC6558394. 
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• Many low-cost refined grains, 
vegetable oils, added sugars and 
sodium fall into the category of 
ultra-processed foods. 

• These foods are inexpensive, if 
nutrient poor 

• Percent energy from UPF is linked 
to lower food expenditures. 

• Low-cost foods of minimal 
nutritional value are often 
“chosen” by lower income groups. 

• Lower-income groups have 
cheaper diets and worse health 
outcomes. 

 



Diet quality (UPF) depends on where you live 
Soda (SSB) and salad consumption (servings/wk) and HEI scores by Seattle census block 

HEI 2010 diet quality Salad eaters Soda drinkers 



Thank you 

Adam Drewnowski, PhD 
Director, Center for Public Health Nutrition,  

Professor of Epidemiology, University of Washington, Seattle, WA, USA 

 

 

 

 

  

 

  



Innovations in nutrient profiling 

Category specific is 
better suited to setting 
reformulation goals 

Encourage novel ingredients, 
plant proteins, phyto 
nutrients, bioactives 

Not only these nutrients –
Priority nutrients for LMIC. 
Also food components.  

Total/added/free 
sugars; sodium targets 

Food prices 

Environmental 
impact per nFU 

Affordability 

Carbon cost 

Nutrient density 

Protein quality: PDCAAS 


