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Abstract

Climate change is increasingly recognized as a major determinant of human health, influ-
encing both environmental conditions and lifestyle-related risk factors. Within this context,
dietary patterns play a pivotal role because they affect chronic disease outcomes while also
shaping the environmental footprint of food systems. This study provides a descriptive
comparison between temperature trends, dietary habits, and diabetes prevalence across
four European macro-regions (Northern, Southern, Western, and Eastern Europe) through
a One Health perspective, with a specific focus on Italy following the recent UNESCO
recognition of Italian cuisine as Intangible Cultural Heritage. The analysis combines climate
data derived from the ERA5 reanalysis, diabetes prevalence data from the International
Diabetes Federation, and food consumption indicators from FAOSTAT. Regional dietary
patterns were assessed against the Planetary Health Diet (PHD) framework to evaluate
their alignment with sustainable nutrition principles. Results indicate that Southern Europe
shows the closest adherence to PHD recommendations, while Western Europe exhibits
the largest deviation. Across Europe, dietary patterns remain characterized by excessive
consumption of animal-derived products and insufficient intake of legumes and nuts.
At the same time, Southern Europe shows both the most pronounced warming and the
greatest increase in diabetes prevalence, whereas in the other macro-areas this pattern is
not replicated. Italy presents a comparatively more balanced dietary profile and lower
diabetes prevalence than the Southern European average, although important gaps remain
with respect to sustainable dietary targets. These findings motivate further investigation of
climate, health, and food systems. Promoting dietary transitions inspired by sustainable
and culturally rooted food practices may contribute simultaneously to reducing environ-
mental pressures and improving population health. The study emphasizes the relevance of
integrating environmental sustainability and social sustainability dimensions, including
cultural heritage, food traditions, and public well-being, within future strategies addressing
climate change adaptation and chronic disease prevention.
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1. Introduction

The impacts of global warming and the associated extreme events have a great rele-
vance in Europe, where changes in climate-influencing factors have already been observed,
as highlighted by Working Group I to the Sixth Assessment Report (WGI AR6) of the IPCC:
rises in average temperatures and extreme heatwaves [1]. In South-Eastern Europe, and in
mountainous areas, as detailed in the Working Group II (WGII) Fifth Assessment Report
(AR5) [2] and in the Intergovernmental Panel on Climate Change (IPCC) Special Report on
the 1.5°C target, the combined effects on tourism, agriculture, forestry, energy, health and
infrastructure make this area particularly vulnerable.

Among the sectors that contribute to climate change, the food system accounts for
21-37% of global greenhouse gas (GHG) emissions [3]. In Europe, a shift towards a more
sustainable diet could lead to a decrease of 40% in ammonia emissions and up to a 40%
reduction in non-CO2 GHG emissions [3]. The definition of a sustainable diet has been
debated in the literature [4], although Poore and Nemecek [5] and other authors have shown
that animal-based diets have a larger impact than plant-based ones [6]. In recent years,
the EAT-Lancet Commission has proposed the Planetary Health Diet (PHD), designed
to promote human well-being and environmental protection [7] simultaneously. The
diet takes into account the macronutrients needed for optimal health outcomes, and its
adoption would limit the environmental impacts within the planetary boundaries defined
by Rockstrém et al. [8]. The Planetary Health Diet is a flexitarian dietary pattern consisting
predominantly of plant-based foods (fruits, vegetables, legumes, whole grains, nuts, and
unsaturated oils), while limiting animal products and processed foods. It is designed to be
adaptable across different cultures and to reduce the incidence of various pathologies, such
as diabetes.

Climate change severely impacts health incidence, in particular diabetes incidence. In
the US, diabetes incidence increases with higher outdoor temperatures [9]. The primary
physiological mechanisms proposed to explain this correlation include: dehydration, when
reduced renal blood flow alters glucose excretion, leading to higher blood glucose retention;
physical stress, meaning that heat stress triggers the release of cortisol, which elevates blood
glucose levels; vasodilation, which refers to increased blood flow to the skin, accelerating
the absorption of subcutaneous (injectable) insulin. In this framework, Italy represents an
informative case study for several scientific reasons. It is one of the European countries
most exposed to increasing temperatures and heatwaves associated with climate change
[10], while also being historically linked to the Mediterranean dietary pattern. Moreover,
Italy has experienced substantial dietary transitions in recent decades, including increased
consumption of animal-based products compared with traditional Mediterranean dietary
habits. The UNESCO recognition of Italian cuisine as ‘Italian Cuisine: Sustainability and Bio-
cultural Diversity’ (10 December 2025) adds a cultural perspective on this study. No specific
culinary dish was recognised, but the entire cultural system of Italian cuisine, understood
as the sum of practices, knowledge, rituals, skills, and forms of social interaction [11,12].
However, such recognition should not be interpreted as scientific evidence of nutritional
superiority or direct health benefits. Rather, it offers a useful framework for discussing
how culturally rooted food systems may influence dietary behaviours and sustainability
transitions. It also acknowledges the social, cultural, educational, and sustainability-related
dimensions of Italian culinary practices, including intergenerational knowledge transfer,
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biodiversity conservation, food waste reduction, and community cohesion. This can serve
as a model of a highly significant cultural and geographical context within which dietary
habits are evolving to align with those of other European countries. In fact, traditional
Italian cuisine, how mentioned above, constitutes a key expression of the Mediterranean
Diet (MD), recognised by UNESCO on 16 November 2010, as an intangible cultural heritage
for reasons not only culinary, but also cultural and transnational (which concern Italy, Spain,
Greece, Morocco, and, subsequently, Cyprus, Croatia, and Portugal) [13-17]. The MD is
recognised worldwide as a healthy and sustainable dietary pattern, rich in plant-based
foods (grains, fruits, vegetables, legumes, nuts, seeds, and olive oil), with moderate con-
sumption of fish, eggs, poultry, and dairy products, and low consumption of red meat [18],
which coincides with the PHD recommendations [7]. Furthermore, it has been shown that
ideal adherence to the MD results in greenhouse gas emissions of approximately 2.3 kg of
CO;, equivalent per person per day, in line with global climate goals [7,19,20]. In their study
Castaldi et al., [19] analyse actual CO, emissions in the seven Mediterranean countries
examined (Cyprus, Croatia, Greece, Italy, Portugal, Spain, and Malta); the emissions associ-
ated with their diets are nearly double those of the ideal Mediterranean diet (4.46 kg CO,eq
per person per day). In the other EU countries (21 countries) they analysed, emissions
are similar (4.03 kg COyeq per person per day), showing that current dietary patterns
deviate from sustainability standards in both the seven Mediterranean countries and the
rest of the EU [19]. This aspect is primarily due to excessive meat consumption, which
accounts for 60% of the daily emissions surplus (1.8 kg CO,eq per person per day) and
tripled from approximately 68 g to 235 g per person per day between 1960 and 2017. Excess
animal protein (especially red meat) accounts for 70% of total excess emissions compared
to the ideal MD diet. Food policies should encourage the consumption of plant-based
foods and reduce meat and animal products [21]. Indeed, the adoption of the MD is in
line with the European “Farm to Fork” strategy and the European Green Deal for decar-
bonization by 2050 [19]. In summary, the MD is defined primarily as a nutritional model
and a lifestyle based on specific foods and health benefits. The MD safeguards a healthy
lifestyle shared by many people of the Mediterranean basin, whose mission is to protect,
promote, and highlight the MD, not only as a model for personal well-being [13,14], but
also as a key element in achieving the sustainable development goals of the 2030 Agenda.
Although numerous studies have separately investigated the relationships between climate
change, dietary patterns, and non-communicable diseases [9,22-25], few studies have ex-
plored these dimensions simultaneously at the European scale. Limited attention has been
given to the combined assessment of temperature trends, dietary transitions, and diabetes
prevalence across different European regions, despite their potential interactions within a
One Health framework. Furthermore, comparative analyses examining how deviations
from sustainable dietary models may interact with climate-related stressors at this spatial
scale remain scarce. Tackling this gap is important for understanding the interconnected
environmental and public health challenges emerging in Europe under climate change.
This study addresses the following research questions:

- RQ1: How do the four macro-areas relate to trends over time in rising temperatures

and the increasing prevalence of diabetes?

- RQ2: To what extent do current regional dietary patterns diverge from the recommen-

dations of the Planetary Health Diet?

- RQ3: How do regional differences in the prevalence of diabetes relate to the combined

analysis of climate and dietary indicators?

We analysed the energy supply of the population across four major European regions
(Northern Europe, Southern Europe, Western Europe, Eastern Europe) during the period
2014-2023. For each region, we assessed changes in the incidence and temperature trends
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of diabetes, as well as assessing the degree to which current energy supply deviates
from the recommendations of the PHD. Given the observational nature of the study, we
do not seek to establish causal relationships. Rather, we explore the hypothesis that
regions experiencing greater dietary deviation from sustainability-oriented dietary models
and increasing temperature trends may also exhibit less favourable diabetes outcomes.
It should be noted that differences in diabetes prevalence among European countries
may be influenced by multiple factors beyond dietary habits, including population age
structure, socioeconomic conditions, healthcare access, physical activity levels, genetic
predisposition, obesity prevalence, and diagnostic practices. Therefore, any observed
associations between dietary patterns, temperature trends, and diabetes indicators should
be interpreted with caution. The objective is not to establish causality, but rather to identify
patterns and generate evidence that may support future interdisciplinary research on the
interconnected challenges of climate change, nutrition, and health. This paper is structured
as follows. Section 2 (Materials and Methods), including Research Design, Temperature
in Europe, Dietary Habits in Europe, and Diabetes in Europe, describes the database and
methodologies adopted for the analyses. Section 3 (Results), comprising Temperature
Patterns, Dietary Habits Comparison, Diabetes Prevalence, and the Italian Case Study,
presents the statistical outcomes. Section 4 (Discussion) critically examines the findings,
highlighting limitations and future research perspectives. Finally, Section 5 presents the
main conclusions of the study.

2. Materials and Methods
2.1. Research Design

To understand the effects of climate change on human health, the study focuses on
the established relationship [22,24] between rising temperatures and the prevalence of
diabetes mellitus. A site-specific analysis was carried out to describe the co-occurrence of
the prevalence of the disease and changes in dietary habits across Europe, to ensure that
key factors were not overlooked in the analysis. A particular focus was placed on Italian
cuisine, due to its UNESCO's recent recognition. The aim is therefore to assess, across the
four main European regions and specifically in Italy, the association of food supply and
increasing temperatures with the prevalence of diabetes mellitus.

2.2. Temperature in Europe

The ERAS dataset (the fifth-generation ECMWEF reanalysis) was employed, to analyse
temperatures in the four European macro-areas. The parameter expressed in kelvins (K),
known as the “temperature at 2 m”, was used. This refers to the air temperature at a height
of 2 m above the surface of the land, sea or inland waters, calculated by interpolation
between the lowest level of the model and the Earth’s surface, taking atmospheric con-
ditions into account [26]. Using data from “2m Temperature”, an area-weighted average
was calculated for each region of Europe (Eastern, Western, Southern and Northern) on an
annual basis for the period 2014-2024. Concerning Italy, the data provided on the ISTAT
(Italian National Institute of Statistics) portal are available from 1971 to 2021 and have been
analysed to obtain a trend of yearly mean temperature of regional main cities [27].

2.3. Dietary Habits in Europe

We used FAOSTAT (https:/ /www.fao.org/faostat/en/#data/FBS accessed on: 21
September 2026) data to analyse changes in the dietary habits of the four European macro-
areas (more details on the countries included in each partition can be found in Table
A1l). Data range from 2010 to 2023, a 14-year-period that enables us to analyse the daily
average kcal per capita of food available in 62 countries. The food available is based on the
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food balance account, which includes the national supply of each food item for a specific
reference period. The per capita quantity is obtained by dividing the total food available
for human consumption by the country population. We used the daily food supply per
kcal/capita to account only for the food available for human consumption (FAOSTAT
differentiates between food exported, used for livestock, for seed, losses during storage
and transportation and put to manufacture for food and non-food uses). Our analyses do
not take into account food waste, which represented 19% of food at the consumer level
in 2022 [28]. This overestimates our analyses, since the actual food intake might be lower
than the supply available for human consumption. We consider this a study limitation,
which could be overcome by future studies. We excluded the following categories: infant
food; beverages (beer, alcoholic beverages, wine, tea, coffee, fermented beverages); rape or
mustard seed; coconuts (including copra); olives; oil crops; cottonseed; sunflower or sesame
seed; cocoa; pepper; pimento; cloves; spices; fish liver or body oil; sugar beet or cane; and
a miscellaneous category. The final dataset used to conduct our analyses is complete for
the countries specified in Table Al for all 14 years. Nevertheless, some countries have
no available data for some of the items (see Table A2 in Appendix A). The largest share
of non-available data is composed of whole grains, which represents 30.55% of the total
non-available data. It is followed by unsaturated plant oil (31.82%), tubers and starchy
roots (25.47%), and coconut and palm oil (10.25%). Less than 2% of the non-available data
is represented cumulatively by legumes (0.59%), milk and butter (0.26%), and fish and
seafood (0.55%). Considering only the included items in our analyses, only 8.27% of the
data is not available. To compare the energy intake of each macro area with the PHD
recommendations, we classified the food items into the following categories: whole grains,
tubers and starchy roots, vegetables, fruits, tree nuts and peanuts, legumes, milk and butter,
poultry meat, fish and seafood, eggs, meat, unsaturated plant oil, coconut and palm oil,
sugar and sweeteners. As authors reported in their recommendations, food should be
mostly whole and potentially unprocessed or minimally processed [7]. The kcal supply of
each food item was summed within each food category c:

ka,c,t = Zku,i,t (1)
i€c
where k, ; ; is the kcal supply of item 7 in area a in year t. Then, for each area 4 and category
¢, we computed the mean food supply across the 14 years as follows:

- 1
ka,c alr— 2 ku,c,t/ (2)
‘TH,C| t

€Tac

where k; ¢+ is the food supply (kcal/capita/day) of food category c in year ¢ of area a and
Tae € {2010,...,2023} is the set of years with an available observation. Averaging allowed
us to handle missing data in the dataset. We computed the ratio of each food category to
the total kcal supply k,, calculated by summing the food categories for each area: Y . ka,c,
where K is the set of food categories. We computed the ratio as follows:
I_Cll C
— _7', 3

Ya,c K, 3
which estimates how much each food category weighs on the daily average energy intake
per capita. The same ratio was computed for the PHD, rPHP = kPHD /v, kf,HD. Since the
shares are normalised, signed differences would sum to zero across categories. Therefore,
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the distance between each regional diet and the PHD was calculated as the absolute
difference between each category ratio and the PHD ratio:

PHD
doc = 7.

, (4)

Tac —
and the total distance of area a from the PHD resulted in D; = ) .cx da .

2.4. Diabetes in Europe

Diabetes mellitus represents a public health emergency in Europe. Type 2 diabetes
accounts for the majority of these cases, driven primarily by demographic ageing, rapid
urbanisation, and unhealthy lifestyle changes. Type 2 diabetes is characterised by insulin
resistance combined with a progressive decline in insulin secretion. This metabolic impair-
ment leads to chronic hyperglycaemia and alterations in carbohydrate, lipid and protein
metabolism, and also a lot of secondary medical complications. Data employed to produce
the plot related to diabetes in Europe are provided by the International Diabetes Federation
(IDF), which is an umbrella organisation of 264 national diabetes associations in 163 coun-
tries and territories [29]. Data were collected for the countries in the four macro-areas,
after which we computed the share of people with diabetes on the total population in each
region for the years 2011 and 2024. As regards Italy, the data provided on the ISTAT portal
are available from 1980 onwards and have been averaged at the national level [30].

3. Results
3.1. Temperature Patterns

A plot has been generated showing the trends for the four macro-areas, based on the
average temperature calculated for each region (Eastern, Western, Southern and Northern
Europe) annually for the period 2014-2024 (Figure 1). Figure 1 shows the trends of the av-
erage annual temperature by macro-area. The positive slope (angular coefficient) indicates
that the annual average temperature has risen over time. In particular, southern Europe
appears to be clearly affected by this increase

n
o
1

> NE data
—NE regression
SE data
SE regression

jy
=]
T

-
(=]
T

s EE data
—EE regression

> WE data
——WE regression

-
E-
T

y
N
T

Temperature [*C]
=)

=]
T

2 1 1 1 1
2014 2016 2018 2020 2022 2024
Years

Figure 1. Comparison between temperature patterns in the four macro-areas. The plot shows the
trends of the average annual temperature by macro-area (indicated by symbols of different shapes
and colours depending on the macro-region in question).

The results highlight some marked differences between the areas (Table 1).

As can be seen in the Figure 1 and Table 1, it is clear that temperatures in Northern and
Eastern Europe are lower and unlikely to fall within the ranges identified in the literature
as potentially stressful for diabetic patients [22,24]. On the other hand, the average increase
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in temperatures in Southern Europe over this period is pronounced [31], and it could
contribute to episodes of hypoglycaemia.

Table 1. Comparison of average temperatures over the entire period across the four macro-areas.

Macro-Region Mean Temperature 2014-2024 (°C)
Southern Europe 17.53

Western Europe 12.99

Northern Europe 3.05

Eastern Europe 6.97

3.2. Dietary Habits Comparison

We analysed the FAOSTAT data to compare the daily per capita kcal supply of Eu-
ropeans to the PHD recommendations. Table A4 shows the specific energy share per
category for each macro area and for the whole continent.

Figure 2 shows that, in Europe, the share of dietary energy from plant-based foods,
such as legumes and tree nuts, is lower than the recommendations from the PHD (the mean
in Europe is 0.8% and 1.3%, compared to the recommended 11.5% for both). On the other
hand, the share of animal-sourced foods, such as meat and milk and butter, is respectively
10.8% and 14.3% compared to the recommended ratios of 1.9% and 6.1%. Regarding fats
and sugar, the percentage of energy intake for sugar and sweeteners is approximately two
and a half times the PHD recommendations (12% compared to the recommended 4.8%).
It is worth noticing that the share of whole grains in Europe is perfectly aligned with the
PHD recommendations.

Among macro-areas, Eastern Europe records the highest share of energy from whole
grains, 34.5% compared to the other areas. Sugar and sweeteners, and milk and butter are
the second and third largest components of dietary energy in the region (12.8% and 12.7%,
respectively). Meat also plays an important role in the region’s kcal supply, representing
9.9% for meat and 3.3% for poultry of the daily 3142.3 kcal per capita. Plant-based proteins
are far from the PHD recommendations: legumes are 0.6%, while tree nuts are the lowest
on the continent at 0.6%.

The energy supply in Northern Europe is mainly composed of whole grains (29.9%),
milk and butter (15.6%) and unsaturated plant oils (11.9%). Animal-based foods are
prevalent in Northern and Western Europe, with the highest ratios of total energy supplied
by meat and milk, respectively, 10.5% and 12.7% for meat and 15.6% and 17.7% for dairy.
Northern Europe also has a higher share of poultry meat on the continent (3.6%). Southern
Europe is characterised by having the highest share of unsaturated plant oil (17.4%), the
only one that exceeds the PHD recommendations (14.8%). Among the main shares of
kcal per capita per day there are whole grains (30.4%); sugar and sweeteners (9.6%); and
milk (12%). Animal-based foods exceed the PHD recommendations in Southern Europe,
especially meat (10.3% compared to 1.9%) and fish and seafood, which show the highest
share on the continent 1.6%.

The composition of dietary energy of Western Europe sees sugar and sweeteners (13%)
and milk and butter (17.7%) exceeding the European average (12% and 14.3%). The share
of meat in energy is the highest on the continent (12.7%), while poultry is one of the lowest
(2.3%), below the mean (2.9%). On the other hand, Western Europe is closer to the PHD for
tree nuts (1.9%, the highest share on the continent).

In Figure 3, the sum of the differences in food categories between the regional energy
composition and the PHD showed that Southern Europe is closest to the PHD recommen-
dations compared to the other regions (47.3 percentage points (p.p.) difference in total).
Western Europe is farthest from the PHD (65.6 p.p.). See Table A5 for the full overview.
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Palm and coconut oil

Unsaturated plant oils
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Tree nuts and peanuts

Fruits

Vegetables

Tubers and starchy roots

Whole grains

Meat
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Milk and Butter
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1=}
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Energy (kcal/capita/day) Ratio

®WPHD ®Europe  ®Western Europe M Southern Europe ~ BNorthern Europe  BEastern Europe

Figure 2. Comparison between the Planetary Health Diet (PHD), Europe, and the four macro-areas.
For each area, the bars report the ratio of the daily kcal/capita supply of each food category to the
total daily kcal/capita supply. The green bars show the same ratio computed for the PHD.

045
0.4
035
03
025
02
0.15
0.1
la_ = X -
Milk and ~ Poultry meat  Fish and Eggs Meat ‘Whole grains  Tubers and ~ Vegetables Fruits Tree nuts and  Legumes  Unsaturated  Palm and Sugar
Butter shellfish starchy roots peanuts plant oils coconut oil

Difference in Energy Intake Ratio (kcal/capita/day)

WEastern Europe ~ MNorthern Europe M Southern Europe  ® Western Europe

Figure 3. Differences between the Planetary Health Diet (PHD) and each macro-area. The columns
report the cumulative absolute difference of the four macro-areas from the PHD for each food category.
The column segments represent the difference in the share of energy intake of each macro-area from
the PHD.
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3.3. Diabetes Prevalence

It is clear that diabetes mellitus is a widespread and increasing chronic disease through-
out Europe, according to data provided by the International Diabetes Federation (IDF)
(Figure 4 and Table 2). The precision of the prevalence of diabetes in Eastern Europe
may be affected by the availability of data in some countries during the reference period,
due to sensitive geopolitical situations that may have compromised and influenced the
actual transmission of data. In addition to this, it is clear that also other confounding
aspects (among others, genetic, individual behaviour, population ageing, obesity, physical
activity, socioeconomic status, healthcare accessibility), should be taken into account when
exploring diabetes prevalence. However, taking into account the evidence available in the
literature [22-25], it is possible, with due caution and without establishing causal links, to
analyse the general trends in temperature in relation to the prevalence of diabetes. This
exploratory can identify areas of greater sensitivity or exposure warranting attention.

Table 2. Comparison between diabetes prevalence among the four macro-areas.

Macro-Region

2011 Prevalence (%) 2024 Prevalence (%) Trend

Southern Europe
Western Europe
Northern Europe
Eastern Europe

6.40
5.31
4.66
7.27

9.27 Rapidly increasing (highest level in 2024)
6.54 Increasing

6.19 Increasing

5.97 Decreasing (was the highest in 2011)

As can be seen from Figure 4 and Table 2, the situation that appears to be the most
interesting is that of Southern Europe, which is experiencing a rapid rise in prevalence,
with the highest level among the regions in 2024.

Diabetes Prevalence (% of population aged 20-79)

6.4
SOUTHERN EUROPE
9.27

5.31
WESTERN EUROPE
6.54

2011
4.66 2024
NORTHERN EUROPE

6.19

7.27

EASTERN EUROPE
5.97

o
3]
=N
[=]
(o]

10

Figure 4. Comparison between diabetes prevalence among the four macro-areas.

3.4. Italian Case Study

At this stage, we focus our analyses on Italy, for the cultural relevance of its cuisine
and its climate vulnerability. We analyse data on temperature and prevalence of diabetes
mellitus in the country. The results show an increase (Figure 5) in the prevalence of
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the chronic disease under investigation and in mean air temperature values (r = 0.6;
12 = 0.36; m(slope) = 0.658). Both prevalence and temperature data were taken from the
ISTAT portal [27,30], where they have been available since 1980, averaged at the national
level and for each year.

6.6 T T

* data 2014 - 2024
__ y=0.65805"x - 3.2872
r=0.86 |

o
'S
T

>
(2] [\v]
T T

Diabetes[%]
o
(2]

o
[=2]
T

54} . J

5-2 L 1 1 L 1
134 13.6 13.8 14 14.2 14.4 14.6

Temperature (°C)

Figure 5. Scatterplot between Temperature and diabetes mellitus prevalence in Italy.

At the same time, we carried out the analysis of dietary habits. In Figure 6, we can
see that Italy exceeds the PHD recommendations for animal-sourced foods and fats and
sugar. Regarding the first main category, Italy’s distance to the PHD is 6.3 p.p. for milk and
butter, and 8.2 p.p. for meat and, to a smaller extent, eggs, fish and shellfish, both at 0.4 p.p.
Looking at fats and sugar and unsaturated plant oils, Italy differs from the PHD by 4.7 p.p.
and 2.3 p.p., respectively. Italy should increase plant-based food intake to be closer to PHD
levels. Legumes show the largest gap from the PHD, with Italy’s share 10 p.p. below the
recommendations. Tree nuts are also far from the recommendations (9.8 p.p. below the
PHD). A smaller difference is shown for vegetables and fruits, showing a difference of 1.6
and 1.4 p.p. In the specific case of Italy, therefore, we have 46 p.p. difference in total, which
means we are fairly close, given the macro-area values.
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Figure 6. Comparison between the Planetary Health Diet (PHD) and Italy. The bars report the ratio
of the daily kcal/capita supply of each food category to the Italian total daily kcal/capita supply. The
green bars show the same ratio computed for the PHD.

These findings show that although the deviation of Italian dietary habits from PHD is
generally less pronounced than the European trend, the prevalence of diabetes mellitus
continues to rise, as does the temperature (Table 3). This once again highlights, as has
already been documented in the literature, even if being limited to type 1 diabetes and relat-
ing specifically to episodes of hypoglycaemia [22,24], the association between atmospheric
conditions and chronic diseases, and encourages the study of the influence of a wide range
of factors, from individual habits to environmental characteristics, on the progression of
diabetes.

Table 3. Mean temperature, diabetes mellitus prevalence and deviation from PHD in Italy.

Mean Temperature 2014-2024 (°C) 2024 Prevalence (%) Deviation from the PHD (p.p.)

13.9

6.3 46

4. Discussion

The results presented above suggest that diabetes prevalence, dietary composition,
and temperature trends do not always move in the same direction across the four European
macro-regions. This apparent inconsistency is itself informative. Southern and Western
Europe show the highest and most rapidly increasing average temperatures, consistent
with the well-documented Mediterranean warming hot-spot [1,2]; in contrast, Northern
and Eastern Europe remain well below the thresholds identified in the literature as po-
tentially destabilizing for glycaemic control [22,24]. Temperature and diabetes trends are,
however, not aligned everywhere: Eastern Europe shows a warming trend but a decreasing
prevalence (although data availability and reporting issues in the region may have affected
this estimate), whereas Northern Europe shows a slightly negative temperature slope
alongside an increasing prevalence. These cases show that regional temperature trends
alone cannot account for the observed differences in prevalence.

Southern Europe is the macro-area closest to the PHD recommendations (47.3 p.p. total
deviation, versus 65.6 p.p. for Western Europe), but it also records the highest and fastest-
growing prevalence of diabetes. This apparent paradox indicates that dietary composition,
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as measured in terms of food supply, does not explain the regional pattern by itself. Indeed,
the FAOSTAT dataset used reports food availability rather than actual intake, so the PHD
distance reflects the food supply and not individual dietary behaviour. However, this result
is compatible with a role for thermal exposure, in line with physiological mechanisms such
as dehydration, cortisol-mediated stress response, and accelerated insulin absorption [9].
Given the ecological design, the small number of time points, and the absence of covariate
adjustment, this should be read as an exploratory association rather than as evidence that
temperature exerts an independent or dominant effect. Several unmeasured factors may
contribute to the Southern European pattern, including population ageing, obesity, physical
activity, socioeconomic conditions, genetic predisposition, and differences in diagnostic
coverage and healthcare access [22,24], as well as possible differences in how the IDF
estimates were produced for 2011 and 2024.

The Italian case study shows a positive association between mean annual temperature
and diabetes prevalence over 2014-2024 (r = 0.6, > = 0.36, n = 11; slope = 0.658 percentage
points per °C; Figure 5). This is a moderate correlation based on only eleven annual
observations, and both series show an upward trend. Shared temporal trends can produce
a correlation without any direct link, so this result should be considered descriptive and not
statistically robust. Italy shows both a lower PHD deviation (46 vs. 47.3 p.p.; the difference
is minimal) and a lower mean temperature than the Southern European average, together
with a diabetes prevalence below the regional mean. This is compatible with the hypothesis,
which will be assessed in future studies, that dietary quality and thermal exposure act as at
least partially independent risk modulators, but it does not demonstrate it. We also stress
that the UNESCO recognition [17] is a cultural and sustainability framework: here it serves
as the context that motivated the Italian case study, and our results neither confirm nor
refute any health benefit attached to it. At the same time, Italy’s own distance from the
PHD - particularly the marked shortfall in legumes and tree nuts, and the excess of meat,
dairy, and added sugars — shows that even a comparatively favourable position within
Europe leaves considerable room for improvement, and that the symbolic value of the
UNESCO inscription should not be mistaken for an already-achieved nutritional target.

Limitations and Future Perspectives

Several methodological limitations of the present study should be acknowledged, as
they also define concrete directions for future work.

First, the analysis is ecological in nature: all three data sources (temperature, dietary
supply, diabetes prevalence) are aggregated at the macro-regional or national level, and
no individual-level data linking exposure, diet, and disease status were available. As with
any ecological design, this raises the risk of the ecological fallacy, i.e., associations observed
at the aggregate level may not hold or may even reverse at the individual level. Future
studies should aim to replicate this analysis using individual-level or cohort data, allowing
dietary intake, thermal exposure, and diabetes status to be linked within the same subjects.

Second, the index was computed to measure the difference between the energy share
of each food category for each macro-area and the PHD. This index measures energy
composition, without accounting for over-consumption. Furthermore, we acknowledge
that food supply does not correspond to food intake, since it does not account for household
food waste and variation in intake across individuals. Similar studies on adherence of
regional or national diets to the PHD have used indices, such as the EAT-Lancet diet score
by Knuppel et al. [32] However, these studies are based on survey data, which measure
actual food intake [33-36]; hence, our supply data do not provide the level of granularity
required. Moreover, the FAOSTAT classification does not distinguish between whole and
refined cereals, so the “whole grains” category effectively includes all cereal products, and
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the close match with the PHD share for this category should be interpreted with caution.
The deviation index is also an unweighted sum of absolute differences, so categories with
large PHD shares (legumes and tree nuts) contribute substantially to the total and are
similar across regions; the ranking between regions is therefore driven mainly by dairy,
meat and added sugars.

Third, the temporal windows of the three datasets do not fully coincide (temperature:
2014-2024; diet: 2010-2023; diabetes prevalence: 2011 vs. 2024), and the trend for diabetes
is based on only two time points per region rather than a continuous series. This limits the
ability to establish temporal precedence, which is a precondition for any causal interpreta-
tion. A future extension of this work should use harmonised, continuous annual series for
all three variables, enabling time-series or panel-data approaches rather than a comparison
of period averages.

Fourth, the macro-regional aggregation itself masks substantial within-region hetero-
geneity. The Italian case study illustrates how a single country can depart considerably from
its macro-regional average, and the same is plausibly true for other countries within each
region (e.g., within Eastern or Northern Europe). A country-level, or even sub-national,
disaggregation would allow a more granular assessment of the diet-temperature—diabetes
relationship and should be prioritised in future analyses.

Fifth, in this study, we did not control for several known confounders of diabetes
prevalence, including the age structure of the population and the ageing rate, obesity
prevalence, levels of physical activity, socioeconomic status and access to diagnosis and
healthcare (which can itself bias the apparent prevalence through differential detection
rates between countries with different healthcare systems). No distinction is made between
type 1 and type 2 diabetes, which have largely different aetiologies and different expected
relationships with diet and temperature. This is particularly relevant because the literature
on temperature and glycaemic control cited here mainly concerns short-term outcomes
(e.g., hypoglycaemia) in type 1 diabetes, whereas the outcome analysed in this study is
prevalence, which is largely driven by type 2 diabetes. The two outcomes are therefore
related but not equivalent. Future work should adopt multivariate statistical models (e.g.,
mixed-effects or panel regression) capable of adjusting for these covariates, rather than
relying on the descriptive visual comparison of trends presented here.

Finally, the UNESCO recognition of Italian cuisine is very recent (December 2025),
therefore, there are currently no behavioral or health outcome data reflecting its impact.
The present study can only describe the pre-existing conditions (dietary composition,
temperature, diabetes prevalence) that motivated and contextualised the recognition, not
its consequences. A natural and valuable future perspective is a longitudinal follow-up
study that assesses whether and to what extent increased public attention to Italian dietary
heritage translates into measurable dietary changes and downstream health effects in the
coming years. Analyses at the individual level on a cohort of approximately 200,000 patients
of a Local Health Authority in Central Italy, currently in preparation for publication, will
allow these hypotheses to be tested while adjusting for the confounders discussed above.
A country-level analysis based on rank correlation (e.g., Spearman) between temperature,
PHD deviation and prevalence would also provide a more robust statistical test than the
four macro-regional aggregates.

Taken together, these limitations do not undermine the exploratory value of the
present analysis, but they indicate that its findings should be interpreted as hypothesis-
generating rather than confirmatory, and they outline a clear roadmap — individual-level
data, harmonised time series, sub-national disaggregation, confounder adjustment, and
longitudinal follow-up — for strengthening the evidence base on the interplay between
climate, diet, culture, and chronic disease within a One Health framework.

https:/ /doi.org/10.3390/su182111264


https://doi.org/10.3390/su182111264

Sustainability 2026, 18, 11264

14 of 20

5. Conclusions

Diabetes is a chronic disease influenced by several parameters: individual behavioural,
clinical, physiological and environmental factors. This exploratory study provides a de-
scriptive overview of the relationship between atmospheric parameters, prevalence of
diabetes, and dietary habits within a One-Health framework. At the macro-regional level,
there is a parallel increase in average temperature and the prevalence of diabete (in South-
ern Europe, Western Europe), although it is not possible to establish a cause-and-effect
relationship based solely on temperature and prevalence. Nevertheless, the differences
observed in Northern and Eastern Europe pave the way for assessing the importance of
the absolute temperature values, and not just the role of temperature variation. Regarding
dietary habits, Southern Europe appears to be more in line with PHD recommendations;
nonetheless, the prevalence of diabetes in this area is the highest among the macro-regions,
and the three other areas are more or less comparable to each other. Italy shows a lower
PHD deviation, a prevalence of diabetes and a mean temperature lower than the average for
its relevant macro-region (Southern Europe). This finding on the one hand, highlights the
important role of individual habits, on the other hand, it paves the way for a reassessment
of environmental stressors in the epidemiology of chronic diseases.
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Appendix A

Table A1l. Classification of European countries into macro-areas, and inclusion in the analysis.

Country Included

Eastern Europe

Belarus
Bulgaria
Czechia
Czechoslovakia

NI NENEN

Hungary
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Table Al continued.

Country

Included

Poland

Republic of Moldova
Romania

Russian Federation
Slovakia

USSR

Ukraine

NS NENENENEN

Northern Europe

Aland Islands

Channel Islands

Denmark

Estonia

Faroe Islands

Finland

Guernsey

Iceland

Ireland

Isle of Man

Jersey

Latvia

Lithuania

Norway

Sark

Svalbard and Jan Mayen Islands

Sweden

United Kingdom of Great Britain and Northern Ireland
Northern Europe, unspecified (population)

X NN X X NN A X X A X A X A X X

Southern Europe

Albania

Andorra

Bosnia and Herzegovina
Croatia

Gibraltar

Greece

Holy See

Italy

Kosovo

Malta

Montenegro

North Macedonia
Portugal

San Marino

Serbia

Serbia and Montenegro
Slovenia

Spain

CAX A X CNAAX QX QXS X S
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Table Al continued.

Country

Included

Yugoslav SFR
Southern Europe, unspecified

X X

Western Europe

Austria

Belgium
Belgium-Luxembourg

France

Germany

Liechtenstein

Luxembourg

Monaco

Netherlands (Kingdom of the)
Switzerland

Western Europe, unspecified (population)

N N NN R NEN

Table A2. Country-item combinations with missing years in FAOSTAT food supply (kcal/capita/day),

2010-2023, for items and countries included in the analysis.

Food Category Item Country Missing Years
Whole grains Maize and products Czechia 2017, 2022
Slovakia 2015
Poland All years missing
Barley and products Iceland 20142015
North Macedonia 2014-2018
Millet and products Belarus 2014-2023
All except Austria, Belarus, Germany, Montenegro, Portugal, Russia,
Switzerland, Ukraine
Sorghum and products  Iceland 2010-2022
Montenegro 2010-2019
Russian Federation, Ukraine 2018
All except Bosnia and Herzegovina, Iceland, Montenegro, Russia, Spain,
Ukraine
Tubers and All except Albania, Belarus, Bosnia and Herzegovina, Bulgaria, Estonia,

starchy roots

Cassava and products
Moldova, Russia, Serbia, Ukraine

Hungary, Latvia, Lithuania, Malta, Montenegro, North Macedonia, Poland,

Sweet potatoes
Yams

Roots, other

Belgium, Germany, Ireland, United Kingdom

Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Czechia, Estonia, Greece,
Hungary, Lithuania, Poland, Moldova, Serbia

North Macedonia

All years missing
All years missing

All years missing
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Table A2. Cont.

Food Category Item Country Missing Years
Legumes Beans Lithuania, Ukraine 2010-2018
Milk and butter Cream Montenegro 2014-2017, 2020-2023
Fish and seafood Aquatic animals, others ~ Bosnia and Herzegovina 2010, 2011, 2017
Greece 2011
Montenegro 2010-2011
North Macedonia 2015-2019, 2021-2023
Serbia 2020
Switzerland 2010-2011
Coconut and  p o1 Spain 2010-2021
palm oil
Estonia 2019-2023
Portugal 2015, 2017
Palm kernel oil Austria, Czechia 2010-2017
Albania 2010-2015
Estonia 2019-2023
Finland 2022-2023
France 2020
Portugal 2015, 2017
Lithuania, Russia, Slovakia, Ukraine All years missing
Lithuania, Netherlands, Norway, Russia, Slovakia, Slovenia, Ukraine All years missing
Coconut oil Portugal, Russian Federation 2010-2018
Czechia 20102017
Albania 2010-2015
Finland 2023
France 2020
Italy, Netherlands, Slovakia, Slovenia, Spain, Ukraine All years missing
Unsatu.rated Groundnut oil Finland 2023
plant oil
Montenegro 2020
North Macedonia 2021-2023
Soya bean oil Finland 2023
Rice bran oil Italy 2018-2023
All except Italy, North Macedonia, Poland All years missing
Cottonseed oil Portugal 2010-2018
Moldova 2014-2023
Ireland, Lithuania, Netherlands, Poland, Russia, Slovakia, Slovenia, ..
Ukraine All years missing
Maize germ oil Switzerland All years missing
Rape and mustard oil Bosnia and Herzegovina, Bulgaria, Greece, Lithuania, Netherlands, All years missing
North Macedonia, Portugal, Romania, Serbia
S . Bosnia and Herzegovina, Bulgaria, Czechia, Latvia, Netherlands, ..
esame seed oil Mold Serbi All years missing
oldova, Serbia
Note: Food items with no data in some years between 2010 and 2023 are listed by country. For food items where
more than 20 countries have no data for any year between 2010 and 2023, we reported only the countries with
available data on that food item; this refers to millet, sorghum and cassava and their respective products.
Table A3. FAOSTAT items included in each dietary category.
Category FAOSTAT Items
Milk and butter Milk (excl. butter); Butter, Ghee; Cream
Poultry meat Poultry Meat

Fish and seafood

Eggs

Meat

Whole grains

Tubers and starchy roots
Vegetables

Fruits

Tree nuts and peanuts

Freshwater, Demersal, Pelagic, Marine (other) Fish; Crustaceans; Cephalopods; Molluscs,
other; Aquatic Animals, other

Eggs

Bovine; Mutton & Goat; Pigmeat; Meat, other; Offals; Animal Fats

Wheat; Rice; Barley; Maize; Rye; Oats; Millet; Sorghum; Cereals, other

Potatoes; Sweet potatoes; Cassava; Yams; Roots, other; Plantains

Tomatoes; Onions; Vegetables, other; Aquatic Plants

Apples; Bananas; Oranges/Mandarines; Lemons/Limes; Grapefruit; Citrus, other;
Grapes (excl. wine); Pineapples; Dates; Fruits, other

Nuts; Groundnuts
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Table A3. Cont.

Category

FAOSTAT Items

Legumes
Unsaturated plant oil

Coconut and palm oil
Sugar and sweeteners

Beans; Peas; Pulses, other; Soyabeans
Soyabean, Groundnut, Sunflowerseed, Rape/Mustard, Cottonseed, Sesameseed, Olive,
Ricebran, Maize Germ, Oilcrops (other) Oils

Palm Oil; Palmkernel Oil; Coconut Oil*

Sugar (Raw Equiv.); Sweeteners, other; Honey

Rape/Mustardseed; Coconuts (Incl. Copra); Olives; Oilcrops, other; Cottonseed;

Sunflower/Sesame seed; Cocoa; Coffee; Pepper; Pimento; Cloves; Spices, other; Fish

Excluded (Other) Liver/Body Oil; Misc.; Sugar beet/cane; Infant food, Beverages (beer, alcoholic

beverages, wine, tea, fermented beverages)

* Coconut Oil is included for the macro-areas; no record exists for Italy.

Table A4. Dietary energy composition by European macro-area compared with the Planetary Health

Diet.

Macro-Area

Food Group Eastern  Northern  Southern Western Europe Italy PHD
Animal-sourced foods
Milk and butter 12.7 15.6 12.0 17.7 14.3 12.4 6.1
Poultry meat 3.3 3.6 2.6 2.3 29 2.0 2.5
Fish and seafood 1.0 1.4 1.6 1.1 1.2 1.4 1.0
Eggs 1.6 1.3 1.3 1.5 1.5 1.2 0.8
Meat 9.9 10.5 10.3 12.7 10.8 10.1 1.9
Plant foods
Whole grains 34.5 29.9 30.4 25.8 30.7 31.5 30.7
Tubers and starchy roots 5.6 4.6 29 3.5 4.3 2.1 2.1
Vegetables 2.8 24 29 23 2.6 24 4.0
Fruits 2.8 3.9 45 3.8 3.6 4.6 6.1
Tree nuts 0.6 1.5 1.8 1.9 1.3 1.7 11.5
Legumes 0.6 0.9 1.4 0.5 0.8 1.5 11.5
Fats and sugar
Unsaturated plant oil 10.9 11.9 174 12.1 12.7 17.1 14.8
Coconut and palm oil 0.7 1.1 1.3 1.7 1.1 2.6 2.3
Sugar and sweeteners 12.8 11.6 9.6 13.0 12.0 9.6 4.8
Total (kcal/capita/day) 3142.3 3094.4 3245.8 3274.2 3191.1 3467.4 2395.0

Notes: Values are percentages of total dietary energy from the food groups listed. Macro-area figures are FAOSTAT

food supply averaged over 2010-2023; food supply measures availability at retail and exceeds actual intake. The

Europe column is the unweighted mean of the four macro-areas and is not population-weighted. Italy does not include

coconut oil in “Palm and Coconut 0il” category due to missing data. Columns may not sum to 100 due to rounding.

Table A5. Differences in dietary energy composition between European macro-area compared and
the Planetary Health Diet.

Difference from PHD (p.p.)

Food Group Eastern Europe Northern Europe Southern Europe Western Europe Europe Italy
Animal-sourced foods

Milk and butter 6.7 9.6 59 11.6 8.2 6.3
Poultry meat 0.8 1.1 0.1 0.3 04 0.5
Fish and seafood 0.0 0.3 0.6 0.1 0.2 0.4
Eggs 0.7 0.5 0.5 0.6 0.6 0.4
Meat 8.0 8.6 8.4 10.8 8.9 8.2
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Table A5. Cont.

Difference from PHD (p.p.)

Food Group Eastern Europe Northern Europe Southern Europe Western Europe Europe Italy
Plant foods

Whole grains 3.8 0.8 0.3 49 0.0 0.8
Tubers and starchy roots 3.6 2.5 0.8 14 2.3 0.8
Vegetables 1.2 1.6 1.1 1.6 1.3 1.6
Fruits 32 22 15 22 2.5 14
Tree nuts 10.8 10.0 9.7 9.5 10.1 9.8
Legumes 10.9 10.6 10.1 10.9 10.7 10.0
Fats and sugar

Unsaturated plant oil 3.9 29 2.6 2.7 21 2.3
Coconut and palm oil 1.6 1.2 1.0 0.6 1.2 0.3
Sugar and sweeteners 8.0 6.8 4.8 8.2 7.2 47
Total 63.1 58.7 47.3 65.6 55.8 46.7

Notes: Values are absolute differences between each macro-area’s share of dietary energy and the corresponding
PHD share, in percentage points. Italy is included in the Southern Europe aggregate and is reported separately for
comparison. Butter is included with milk, following the energy accounting in Rockstrom et al. [7]. Macro-area
figures are FAOSTAT food supply averaged over 2010-2023; food supply measures availability at retail and
exceeds actual intake. Italy does not include coconut oil in “Palm and Coconut 0il” category due to missing data.
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