Exploring Food Choices toward Sustainable and Healthy Diets
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Introduction: Achieving sustainable and healthy diets requires the development of food-
based dietary guidelines that incorporate sustainability considerations, including
nutritional health, lower environmental impacts, affordability, and cultural acceptability.
In Japan, the Japanese Food Guide Spinning Top (JFGST) was developed in 2005 to
promote adequate nutrient intake. However, the three dish categories of the JFGST (grain,
vegetable, and fish and meat dishes) include a wide variety of foods differing in
greenhouse gas emissions (GHGESs) and prices. While adherence to the JFGST has been
associated with improved nutrient intake, its relationship with GHGE and monetary cost
remains unclear.

Therefore, this study aimed to: (1) examine the associations between adherence
to the JFGST and nutrient density, GHGE, and monetary cost, considering animal protein
consumption patterns (Chapter 1); (2) classify foods on the basis of nutrient density,
GHGEs, and prices, and examine changes in nutrient density, GHGE, and monetary cost
through food substitution (Chapter 2.1); and (3) optimize dietary patterns that meet
nutrient requirements while reducing GHGEs and costs and minimizing deviations in
food consumption from observed diets (Chapter 2.2). Through these analyses, we sought
to identify desirable food choices that not only improve nutritional quality but also reduce
GHGE and dietary cost, thereby providing scientific evidence to support the development
of a more sustainable version of the JFGST.
Chapter 1: This dissertation used data from the 2017 Saitama Prefecture Nutrition
Survey throughout all analyses. A total of 479 participants (206 men and 273 women)
aged 30-65 years from Saitama Prefecture, Japan, were included in the analysis.
Participants were selected based on the completion of a self-administered questionnaire
and two-day dietary records showing plausible energy intake; those with implausible
intakes were excluded. Adherence to the JFGST (both the original score and a modified
score incorporating the white-to-red meat ratio), the Nutrient-Rich Food Index (NRF) 9.3,
GHGESs, and monetary costs were calculated from the dietary records. Multiple linear
regression analyses were performed to examine the associations of JFGST scores with
NRF9.3, GHGEs, and monetary costs.

Higher JEGST scores were associated with higher NRF9.3 in both sexes. No



significant associations were observed between JFGST scores and GHGEs or monetary
costs in men. Among women, both scores were associated with higher GHGEs and
monetary costs; however, the association with GHGE was weaker for the modified score.
After adjusting for energy intake, these significant associations disappeared.

In conclusion, nutrient density increased with higher adherence to the JFGST in

both sexes, whereas GHGE showed a positive association only in women. The impact of
incorporating animal-protein consumption patterns into the JFGST was limited for GHGE
and monetary cost. Further examination of specific food choices is needed to improve the
Japanese food guide by integrating considerations of cost and climate impact.
Chapter 2.1: A total of 599 home-cooked foods within the three dish categories of the
JFGST were classified into 3, 4, and 5 clusters using hierarchical cluster analysis
according to the NRF9.3, GHGE, and price. Substitution analyses were conducted by
replacing foods from other clusters with those from more desirable clusters at replacement
levels of 25—-100% within each dish category. Changes in dietary NRF9.3, GHGE, cost,
and nutrient adequacy based on the Dietary Reference Intakes for Japanese (DRIs) were
assessed.

Cluster A of grain dishes (mainly rice), vegetable dishes (including potatoes,
pulses, carrots, and cabbage), and fish and meat dishes (soy products, eggs, sardines, and
mackerel) showed higher NRF9.3 scores and lower GHGEs and prices across all
categories. In vegetable dishes, Cluster C (including spinach, bell pepper, other green and
yellow vegetables, and mushrooms) showed the highest NRF9.3 score but with higher
GHGE and price. When foods were replaced with those from Cluster A for grain and fish
and meat dishes and with those from Cluster A or C for vegetable dishes, overall nutrient
density increased (+6—28%), while GHGE and dietary cost decreased (—2—-23% and —2—
21%). The risks of excessive saturated fat and salt intake and of insufficient intake of
dietary fiber, potassium, calcium, magnesium, and several vitamins declined, whereas the
risks of insufficient protein, thiamin, niacin, and iodine increased.

In conclusion, foods with higher nutrient density, lower climate impact, and
lower costs were identified within each JFGST dish category. Substituting foods with

these options improved overall diet quality while simultaneously reducing GHGE and



cost, though certain nutrient inadequacies emerged.

Chapter 2.2: After excluding three 65-year-old participants, dietary data for 476 men and
women aged 30—49 and 50-64 years were analyzed. Food-group profiles for energy,
nutrients, GHGEs, and costs were developed on the basis of the classifications in Chapter
2.1, as weighted averages based on consumption amounts. Linear programming models
were applied to identify diets that met the DRIs while reducing GHGEs and cost with
minimal deviation from observed diets. Energy intake was fixed at observed levels, and
GHGE and cost reduction targets were tightened stepwise by 10% until no feasible
solution was obtained.

Optimized diets achieved at least 20% reductions in GHGEs and costs across all
sex and age groups, and up to 40% among women aged 50—64 years. In these diets,
intakes of foods within the grain, vegetable, and fish and meat dish categories increased,
particularly those in Cluster A (low GHGE and price), while oils, confectioneries,
seasonings, prepared meals, and eating-out foods decreased. Consumption of a cluster
including beef declined to zero in most groups.

In conclusion, linear programming identified dietary patterns that met nutrient
requirements while reducing GHGEs and costs by 20-40% with minimal deviation from
observed Japanese diets. The optimized patterns emphasized greater intake of lower-
GHGE, lower-cost foods while reducing high-GHGE items such as ruminant meats.
Conclusion: This study is the first to classify foods using cluster analysis based on
nutrient density, GHGE, and price, and to apply the resulting clusters to both food-
substitution and diet-optimization modeling. Adherence to the current Japanese food
guide was not associated with lower climate impact or dietary cost, highlighting the need
for food choices that consider sustainability. Replacing foods from less favorable clusters
with those from desirable ones improved nutrient density and reduced GHGE and cost,
and the optimized diets achieved 20—40% reductions in both while meeting nutrient
requirements. These findings provide empirical evidence to support the development of

an updated Japanese dietary guidelines that integrates sustainability considerations.
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