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Exploring eight-year trajectories
of diet-related environmental
pressures in the NutriNet-Sante
cohort
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Few studies have explored individual diet-related environmental pressure changes, beyond
greenhouse gas emissions (GHGe) and land occupation (LO). This study evaluates the trajectories

in several environmental impacts of diets among 8,905 French adults from the NutriNet-Santé

cohort, who completed food frequency questionnaires (distinguishing organic vs. conventional

foods) in 2014, 2018, and 2022. Six environmental indicators—GHGe, LO, energy demand, ecological
infrastructure use, water use, and pesticide use—were estimated at the farm perimeter using a multi-
source approach. Latent class models identified trajectories for a composite environmental pressure
index (EPI) and each indicator, and mixed models adjusted for energy intake and sex modeled the
trajectories. On average, most environmental pressures decreased over time (e.g., GHGe by -12%,
water use by -1%), indicating a general improvement. However, ecological infrastructure also declined
(-9%), which represents a negative outcome as it is linked to biodiversity. Two to four trajectory profiles
were identified per indicator, with most individuals showing stable or modestly decreasing trends.
Four EPI trajectories emerged: increasing EPI profiles were associated with higher meat consumption,
whereas decreasing EPI reflected shifts toward more plant-based diets. Despite potential awareness
of the importance of sustainable diets, this study reveals that most individuals show moderate
improvements in their diet-related environmental pressures, with only a very small fraction showing
important decreases.

Keywords Greenhouse gas emissions, Environment, Food consumption, Trajectories, Sustainability,
Biodiversity

Abbreviations

BIC Bayesian information criterion

CED Cumulative energy demand

EPI Environmental pressure indicator

FFQ Food frequency questionnaire

GHGe  Greenhouse gases emissions

IPAQ International physical activity questionnaires
LCA Life cycle assessments

LO Land occupation

WU Water use

Six of the nine planetary boundaries have already been crossed (climate change, novel entities, biosphere
integrity, land system change, freshwater change and biogeochemical flows)!. In recent decades, environmental
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degradation due to anthropogenic activities accelerated, leading to climate disruption, the sixth mass extinction
of biodiversity, and intensified water use. For example, the global surface temperature was already 1.5 °C above
the pre-industrial period in 20242,

Global food systems, from field to plate, are responsible for a significant part of these deteriorations,
especially at the production level>*. They are responsible for about one-third of the greenhouse gas emissions
(GHGe)>, half of land use, 70% of freshwater withdrawals, and 78% of global ocean and freshwater pollutionG.
Food production is also responsible for the decline of biodiversity’. Environmental pressures associated with
industrial food systems and agricultural practices also include biodiversity loss, notably due to monocultures,
production of limited crop types and animal breeds, land-clearing for grazing and feed crops, and increased use
of fertilizers and pesticides’. For example, extensive use of pesticides have been responsible for 40% of insect
species threatened with extinction®’.

The variability of dietary patterns has been linked to important variations in environmental pressures
A recent study compared mean GHGe values of different European countries collected between 2010 and 2018,
ranging from 4.0 (Spain) to 6.5 kgCO,eq/day/person (France)'?. Similar figures were reported for land use, from
5.0 (Spain) to 8.2 m?year/day/person (France)'®. In the EPIC-Oxford cohort, a vegetarian diet has been linked
to 3.3 kgCO,eq/day, compared to 5.3 kgCO,eq/day for medium meat-eaters. Similarly, in the Unite-Kingdom,
in comparison to diets of medium meat-eaters, diets of vegetarians need approximately 50% less land use, 30%
less water use, 40% less for eutrophication, and have a 25% lower impact on biodiversity“. Similar results were
found in an study from Ireland where pescatarian,vegetarian, vegan and vegetable-focused dietary pattern had
the lowest GHGe, land use and water use'*. This wide diversity of environmental pressures between diets has
also been reported in French populations'>!¢. In addition to dietary patterns, farming practices have also been
associated with environmental pressures!”"!8. For instance, organic farming led to lower energy demand than the
conventional system. However, results are not consistent regarding its impact on GHGe!*%.

However, the recent dietary changes and their long-term impacts regarding environmental pressures, are
poorly documented. Few studies have documented how changes in GHGe relate to the evolution of food group
consumption?!-24, For instance, a Swedish study evaluating change in food-related GHGe between 2001-2004
and 2014-2018 reported a decrease over time at the individual level, in particular among the youngest age group
(-30%)*%.

Nevertheless, it remains unknown whether the evolution of various diet-related environmental impacts,
beyond GHGe, is homogeneous or varies among individuals, with distinct subgroups following different
trajectories based on their dietary changes. Overall, few studies have investigated how environmental pressures
from individual diets change over time.

This study aimed to describe the evolution patterns of various environmental pressures at three time points
(2014, 2018, 2022) and to describe these patterns in terms of dietary characteristics in a large French cohort.
This will enable to address the current lack of longitudinal analyses of diet-related environmental pressures and
to expand the focus beyond GHGe to include other environmental impacts.

10-12

Results

A comparison of the sample with subjects who completed the 1 st FFQ without data in 2018 and 2022 is presented
in Supplemental Table 1. Compared to excluded participants, those in this study tended to be older, less educated,
and more frequently non-smokers. Some differences were observed regarding environmental pressures, such as
CED, WU, and pesticide use. These factors were higher among included participants compared to excluded ones.

Characteristics of the sample

The description of the overall sample is presented in Table 1. The majority of the participants were women (70%),
and the average age was 56 (SD=12). In the entire sample, most of the environmental pressures decreased, as
follows: by 11.7% for GHGe, by 8.2% for CED, by 11.5% for LO, by 0.5% for WU, and by 8.4% for pesticide
use. However, a reduction of ecological infrastructures by 11.9% has also been observed. These infrastructures
are landscape features that support biodiversity and ecosystem services, so their decline indicates an increase
in this environmental pressure. However, when ecological infrastructures were related to the LO of the diets,
these infrastructures decreased by only 1.7%. The means and standard deviation and the means adjusted for
sex and energy intake are presented in Table 2. The EPI is highly correlated to CED (r=0.96), GHGe (r=0.91),
LO (r=0.86), pesticide use (r=0.85), and ecological infrastructures (r=0.78) but not with WU (r=0.39)
(Supplemental Fig. 2). Consequently, in the total sample, the aggregated score, EPI, decreased by 9.1% between
2014 and 2022.

Trajectory profiles and environmental pressures

Overall, most of the environmental pressures showed improvement over time, ranging from a —1% very
slight reduction in water use to a —12% reduction in GHGe. However, the ecological infrastructures values
deteriorated over time. The study identified four distinct groups based on their EPI changes over time (Fig. 1 and
Table 2). The deterministic starting values using the results of the 1-class model was always the best converged
solution (lowest BIC) and nearly all starting values led to the same solution, indicating high model stability. In
a sensitivity analysis using time as a categorical variable rather than a continuous one, the resulting trajectories
and class memberships were highly consistent with the main analysis. These profiles identified both on their
initial level and changes over time will be called trajectory profiles throughout the manuscript. The dominant
profile (EPI3, green profile, n=8421), representing 94.6% of the total population, remained stable over time. This
group experienced an 11% reduction in GHGe, and an 8% decrease in pesticide use, although WU remained
steady (+1%). The second most numerous profile (EPI4, purple profile, n=292), representing only 3.3% of
the population, also showed stable over time, although at lower EPI levels compared to the dominant group.
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Trajectory Trajectory
profile 1 profile 2 Trajectory Trajectory
(Decreasing | (Increasing profile 3 (Stable | profile 4 (Stable
Total EPI) EPI) mean EPI) low EPI) P-value
N (%) 8905 151 (1.7) 41 (0.5) 8421 (94.6) 292 (3.3)
Age (y) 56.2 (11.9) | 54.1(11.9) 54 (13.4) 56.3 (11.8) 54.7 (12.3) <0.01
Sex, (%) Men 2663 (29.9) | 40 (26.5) 12 (29.3) 2525 (30.0) 86 (29.5) 0.82
Women 6242 (70.1) | 111 (73.5) 29 (70.7) 5896 (70.0) 206 (70.5)
Energy Intake in 2014 (kcal/d) ?ggg‘; 2103.4 (570.9) | 1985.4 (670.1) | 2003.9 (591.6) | 1963.1 (653.1) | 0.13
Energy Intake in 2022 (kcal/d) ?201372) 2081.8 (757.3) | 2334.81 (582.0) | 2012.61 (601.6) | 1979.22 (657.7) | <0.01
% of organic food in the diet 30 (27) 30 (26) 29 (32) 28 (26) 67 (28)
Tobacco use, (%) Never-smokers 4377 (49.2) | 82 (54.3) 20 (48.8) 4114 (48.9) 161 (55.1) 0.1
Former smokers 3739 (42.0) | 55 (36.4) 16 (39.0) 3551 (42.2) 117 (40.1)
Current smokers 789 (8.9) 14 (9.3) 5(12.2) 756 (9.0) 14 (4.8)
Physical activity, (%) High 3117 (35.0) | 50 (33.1) 14 (34.1) 2951 (35.0) 102 (34.9) 0.98
Moderate 3245 (36.4) |57 (37.7) 14 (34.1) 3068 (36.4) 106 (36.3)
Low 1661 (18.7) | 33 (21.9) 8(19.5) 1567 (18.6) 53 (18.2)
Missing data 882 (9.9) 11(7.3) 5(12.2) 835 (9.9) 31 (10.6)
BMI in 2014 (kg/m?) 242(43) |23.6(4.1) 27.7(6.7) 243 (4.3) 21.9 (3.3) <0.01
BMI in 2022 (kg/mz) 24.3 (4.5) 23.5(4.1) 26.9 (6.4) 24.4 (4.5) 21.9 (3.5) <0.01
Education, (%) <High school diploma 1851 (20.8) |30 (19.9) 9(22.0) 1764 (20.9) 48 (16.4) 0.62
High school 1289 (14.5) | 25 (16.6) 6 (14.6) 1217 (14.5) 41 (14.0)
Post-secondary graduate 5765 (64.7) | 96 (63.6) 26 (63.4) 5440 (64.6) 203 (69.5)
Occupation, (%) Retired 3748 (42.1) | 45(29.8) 16 (39.0) 3586 (42.6) 101 (34.6) <0.01
gfsfce‘;;‘(’fnor higher intellectual 1882 (21.1) | 40 (26.5) 5(122) 1764 (20.9) 73 (25.0)
grr?rfltes;nan, trader, business manager, 130 (1.5) 3(20) 0(0) 121 (1.4) 6(21)
Intermediate occupation 1317 (14.8) | 22 (14.6) 5(12.2) 1245 (14.8) 45 (15.4)
Employee 1003 (11.3) | 26 (17.2) 4(9.8) 940 (11.2) 33(11.3)
Unemployed 271 (3.0) 5(3.3) 6(14.6) 245 (2.9) 15(5.1)
Others without professional activity | 405 (4.5) 6 (4.0) 3(7.3) 385 (4.6) 11 (3.8)
Student 73 (0.8) 2(1.3) 1(24) 66 (0.8) 4 (1.4)
Worker 76 (0.9) 2(1.3) 1(24) 69 (0.8) 4(1.4)
Residential area, (%) Rural area 2024 (22.7) | 25(16.6) 10 (24.4) 1923 (22.8) 66 (22.6) 0.36
Urban area <20,000 1394 (15.7) | 19 (12.6) 4(9.8) 1326 (15.7) 45 (15.4)
Urban area 20,000—200,000 1632 (18.3) | 32(21.2) 6(14.6) 1531 (18.2) 63 (21.6)
Urban area > 200,000 3855 (43.3) | 75 (49.7) 21 (51.2) 3641 (43.2) 118 (40.4)
ﬁ‘;{“?,z income per household | _,q¢ 790 (8.9) |10 (6.6) 6 (14.6) 736 (8.7) 38 (13.0) 0.16
1200-1800€ 1882 (21.1) | 36 (23.8) 9(22.0) 1770 (21.0) 67 (22.9)
1800-2700€ 2479 (27.8) | 44 (29.1) 12 (29.3) 2336 (27.7) 87 (29.8)
>2700€ 3303 (37.1) | 55(36.4) 11 (26.8) 3147 (37.4) 90 (30.8)
Missing data 451 (5.1) 6 (4.0) 3(7.3) 432 (5.1) 10 (3.4)
Marital status, (%) Alone 2168 (24.3) | 39 (25.8) 13 (31.7) 2016 (23.9) 100 (34.2) <0.01
In a relationship/cohabiting 6737 (75.7) | 112 (74.2) 28 (68.3) 6405 (76.1) 192 (65.8)

Table 1. Baseline sociodemographic, lifestyle, and anthropometric characteristics across clusters identified
using the EPI (NutriNet-Santé study, N=8,905, 2014) 1. 'Four trajectory profiles for environmental pressure
index (EPI) evolution were identified using a latent class model. The p-values are ANOVA for quantitative
variables and chi-square test for the qualitative variables.

Additionally, one minority profile (EPI2, blue profile, n=41) showed a significant increase in EPI (+137%),
while another minority profile (EPI1, orange profile, n=151) saw an EPI decrease, from a high baseline level to
eventually align with the stable low profile, reflecting a —61% change over time. This latter group had average
levels of environmental pressures at baseline, but over time, it demonstrated a 66% reduction in GHGe, a 35%
decrease in water use, and a 54% reduction in pesticide use. Sensitivity analyses after reclassification of the
excluded individuals did not modify the results (data not shown).
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Fig. 1. Estimated mean trajectory of summarized environmental pressure index (EPI) within each of the
trajectory profiles identified (NutriNet-Santé study FFQ, 2014-2022, N =8,905). EPI, Environmental pressures
index.

Similarly, between two and four trajectories of change were identified for the pressures related to individual
indicators (Supplemental Fig. 3). However, the identified subgroups differed for each environmental indicator
(Chi?<0.001 for all comparisons, Supplemental Table 2).

The profiles of change in WU over time were notably distinct from those of the other indicators. Indeed,
only two profiles could be identified, each one representing an important part of the population (32% and 68%).
More precisely, approximately one-third of the population increased (+13%) its food production-related water
use, and two-thirds decreased (—10%) it.

Two environmental indicators had three profiles, namely LO and pesticide use.

For LO, most of the population (83%) had a medium food production-related LO at baseline (in 2014) which
decreased later, 8% of the sample had a high LO at baseline which then increased and 9% had a low LO at
baseline which slightly reduced over time.

Regarding pesticide use, one profile was characterized with a stable high pesticide use (78% of the population),
one with a stable low pesticide use (11% of the population), and one with an intermediate and reducing pesticide
use (11% of the population).

The three other indicators (CED, GHGe, and ecological infrastructures) showed 4 trajectory profiles.
Generally, two profiles at different levels (low and medium) remained stable over time, collectively encompassing
the majority of the total sample. As for CED and ecological infrastructures, the other two profiles either showed
an increase or a decrease over time, with the latter starting at the highest level. The profiles with increasing
pressures had low levels for ecological infrastructures and medium levels for energy. Regarding GHGe, two
profiles showed decreasing pressures over time, but one of them increased again.

Figure 2 shows the evolution of food consumption for each EPI evolution profile. As expected, the profiles
showing an EPI increase or decrease were marked by a strong increase or decrease in meat consumption,
respectively, in contrast to dairy product consumption which did not substantially change over time. The profile
stable at low EPI levels was characterized by the lowest consumption of animal-based food (meat, fish, and dairy)
and high consumption of whole grains products, oil, and snacks. On the opposite, the profile with the highest
final level of EPI (at the 2022 time-point) exhibited an increase in red meat consumption.

Discussion

In the present study, we identified four groups derived from unsupervised trajectories of dietary-related
environmental pressures among French adults show that about 95% of the population (EPI3) has stable
environmental pressures over an 8-year period. Two other much smaller, groups (EP1 and EPI4; 1.7 and 3.3%)
with different starting points showed low final pressure in 2022, but the fourth group (EPI2), with only 0.5% of the
population, doubled its diet-related environmental pressures. In the groups with stable pressures, reallocations
of consumption between food groups were observed. Interestingly, the group with the lowest baseline pressures
(EPI4) remained at the lowest level, and the group with the highest baseline level decreased to reach a low
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Fig. 2. Evolution of the food group consumptions between 2014, 2018, and 2022 across clusters identified
using the EPI (NutriNet-Santé study, n=8,905)". 'Four trajectory profiles for EPI evolution were identified
using a latent classes model. N is the number of individuals classified in the profile. The mean (95% IC)
trajectories are represented with 95% confidence intervals. Food group consumptions are compared using
ANOVA. * p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001; **** p-value <0.0001.

level. The importance of the groups having stable environmental pressures is coherent with previous work on
this population? and was also found when analyzing trajectories identified using each environmental indicator
separately. It is important to note regression-to-the-mean cannot be eliminated in such analyses?. However, it
should be limited by having three data points.

Few studies have explored changes over time in the environmental pressures of individual diets. A study
by Biesbroek et al. reported a significant decrease in diet-related GHG over a 20-year period from 1993-1997
to 2015 in Denmark?!. This decrease was measured across the entire food production lifecycle, including
waste and losses at all stages. However, when adjusting for energy intake, this reduction vanished, and even
increased emissions were observed among men (+5%). This suggests that the dietary pattern, the distribution
of consumption across different food groups, in 2015 was more carbon-intensive, despite the overall decrease
in consumption, likely due to advancing age of the cohort. In contrast, a 12% overall decline in diet-related
GHGe was observed in this study. This average decrease varied from a reduction of 66% to an increase of 166%
depending on the trajectory group (-65% to + 139% when indicators were adjusted for sex and energy intake). It
is important to note that our study covers a more recent period and that participants are likely to be characterized
by greater awareness of both the environmental emergency?’ and its health effects, which could explain, among
other things, discrepancies between studies as well as differences in population characteristics. Two studies
also documented decreased GHGe over time in recent years?®?. Firstly, in the U.S., analysis of representative
NHANES repeated surveys shows that the average GHGe associated with the American diet decreased by about
40%, from 4.02 kgCO,eq/day to 2.45 kgCO,eq/day, between 2003 and 2018. During this period, average energy
intake remained stable, but the significant reduction in GHGe was mainly due to a 40% decline in per capita
beef consumption28. Then, a study based on the food balance sheet showed that between 1986 and 2017, GHGe
from the United Kingdom ‘s food supply decreased by 20%, with per capita emissions falling by 32%. According
to the authors of the study, this reduction was mainly driven by changes in supply rather than demand. When
comparing different food groups, it was noted that the decreased supply of beef, lamb, and pork significantly
contributed to this overall reduction?.

Research exploring the relationships between environmental pressure indicators and dietary choices is
becoming more common in the scientific literature*~33. Among the various environmental metrics examined,
GHGe and LO are the most frequently studied indicators and are highly correlated®!-*2. Numerous population-
based observational studies have consistently shown that diets primarily based on plant products produce
significantly lower GHGe and require less land than meat-inclusive diets. In particular, beef, pork and processed
meat, along with dairy products to a lesser extent, are associated with the highest environmental impacts across
various indicators, including GHGe, land and water use, acidification and eutrophication®-3¢. Despite the
varying degrees of reduction, this explains the reduction in GHGe in most trajectories. For example, trajectory
EPI1 with the highest decrease in EPI score is characterized by a decrease over 8 years of all types of meat (beef,
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pork, poultry, and offal). In contrast, the trajectory that indicates an increase in GHGe (EPI2) over time consists
of participants whose consumption of various types of meat, especially beef and poultry, rose across the study
period. Of note, this last group was very small (n=41), corresponding to 0.5% of the analyzed sample, and the
increase in GHGe is accompanied by an increase in water use and density of ecological infrastructures. This aligns
with scientific knowledge about food groups that require significant water, including cereals and fruits, with
some discrepancies noted when considering total blue or green water?”-%. As a factor of ecosystemic services,
ecological infrastructures indicator can be seen as a proxy for functional biodiversity. Extensive farming systems
generate the most ecological infrastructures per kilo of food product. Therefore, ruminants raised on grasslands
(for milk and meat) are the main contributors to biodiversity related to agriculture. While pastures provide
important ecosystem services and functional biodiversity*, livestock farming is a major factor of deforestation,
which is detrimental to wild biodiversity**.

Overall, the group with the lowest and consistently low EPI was underrepresented in this population,
comprising only about 3.3% (n=292). These individuals tended to have a low intake of animal products and
consume a significant amount of organic foods. This may reflect the eating habits of committed populations who
maintain these habits over time, compared with the trajectory (1.7%, EPI1) which increases the environmental
pressures associated with their food consumption. Conversely, the group that strongly increased the EPI may
illustrate some segments of the population with difficulties in maintaining sustainability over time possibly due
to economic issues, as these participants often have low levels of education, low levels of monthly income, or are
unemployed.

This study was conducted within the French context and is based on a substantial cohort providing longitudinal
data on diet through the same data collection instrument, differentiating between modes of production.
However, the applicability to other nations, particularly those in Western regions, remains uncertain, given
that dietary customs, responsiveness to the crucial transition towards sustainable consumption, and agricultural
methodologies may vary. Consequently, it would be advantageous for this approach to be replicated in other
settings contexts.

While the study was based on a population voluntarily recruited to participate in a nutrition and health
research, and thus, which has been shown to exhibit more sustainable and healthier behaviors than the general
population?’, the decrease in environmental pressures appeared to be rather low, if compared with what might
have been expected to keep food within planetary limits*. Furthermore, certain segments of our study’s
sample still exhibit significant food-related environmental pressures, and some individuals, though very few in
proportion, even increase their diet-related environmental footprints. These findings raise doubts about public
policies” effectiveness so far in encouraging the population to adopt more environmentally-friendly diets and
maintain these changes over time. Our findings align with previous work in which we reported that certain sub-
groups of the population resist changing their dietary profiles, especially regarding animal products*'*2, which
may be explained by sociocultural barriers*>. This issue must be viewed in light of the French public’s stance on
environmental policies, which necessitates targeted communication campaigns****.

The strengths of the study encompass that we distinguished between organic and conventional farming
methods to more accurately evaluate the impacts of different dietary patterns. Our study utilized various
environmental indicators, including some that have received less attention, such as water use, pesticide use,
and ecological infrastructures that reflect biodiversity. To the best of our knowledge, this is the first study
which includes all these indicators while considering two different types of farming. It is however important
to acknowledge the limitations of the water use indicator concerning different farming systems. Thus, in this
study, it was assumed that the percentage of irrigated area and the water use per hectare were identical for both
organic and conventional farming. However, this simplification may not accurately reflect actual differences.
Therefore, further research is needed to better characterize irrigation practices in organic and conventional
farming. Finally, our sample of nearly 9,000 individuals enabled us to capture a variety of dietary habits and track
changes in diet over a significant recent period, during which awareness of sustainable diets may have increased.
Some limitations of our study should be highlighted. First, our findings are based on a sample of volunteers
participating in a long-term cohort focused on nutrition and health. Therefore, caution is necessary when
generalizing these results to the broader population®, as not all behaviors may be represented. The respondents
were predominantly women, older participants, postgraduates and more healthier lifestyles on average, compared
to the general population. It is however difficult to limit this sampling of volunteers as longitudinal studies need
a strong implication and thus select a specific population. Second, our evaluation of environmental impacts was
limited to the production step and did not encompass downstream stages such as processing, transformation,
packaging, and transport. This restriction may understate the overall environmental impacts, particularly for
highly processed or imported products, but they typically occur mainly at the production stage®”. Therefore, it is
essential to conduct comprehensive farm-to-grave life cycle analyses that encompass the entire supply chain and
account the diversity of agricultural practices.

In an era where food systems account for nearly one third of global GHGe and contribute significantly to
environmental degradation, this study provides a unique perspective by analyzing long-term environmental
pressures related to changes in dietary patterns among a large sample of French adults. Using an extensive
set of environmental indicators, including novel metrics like ecological infrastructures and pesticide use,
our findings reveal that most participants in this specific cohort show a moderate decrease in dietary-related
environmental pressures over time, with only a small fraction showing substantial changes. Our results show
that while awareness of sustainability may be increasing, it has yet to be translated into significant behavioral
shifts for most individuals. This highlight the pivotal role that targeted policies can play in driving sustainable
changes, particularly among groups who struggle with maintaining environmentally friendly diets due to social
or economic barriers.
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Methods

Study population

The current study is based on longitudinal observational data from 2014 to 2022, using a sub-sample of the
NutriNet-Santé study. The NutriNet-Santé study is a prospective ongoing cohort conducted in French volunteer
adults with internet access. Informed consent was obtained from all individual participants included in the
study. Consent covered both participation in the research and the publication of the results. Since 2009, this
online-based cohort has examined the factors influencing diets, nutritional status, lifestyles, and their links
with health outcomes*®. Participants are required to complete annual or biannual questionnaires to collect this
information, and additional questionnaires are periodically administered. Sex, occupational status, income,
place of residence, physical activity levels (using the International Physical Activity Questionnaire (IPAQ)%,
anthropometric data, and smoking habits are all self-reported using validated questionnaires®*->2.

The NutriNet-Santé study was conducted in accordance with the principles of the Declaration of Helsinki.
The study protocol was reviewed and approved by the Institutional Review Board of the French Institute for
Health and Medical Research (INSERM) through its Ethical Evaluation Committee (CEEIL; reference no.
0000388FWA00005831). Approval was also obtained from the French National Commission on Informatics and
Liberty (CNIL; approval nos. 908450 and 909,216). Furthermore, the study is registered on ClinicalTrials.gov
(Identifier: NCT03335644).

Data collection

Dietary data

In 2014, 2018, and 2022, food consumption data were collected using an Organic Food Frequency Questionnaire
(Org-FFQ), assessing the consumption, over the 12 past months, of 264 food and beverage items, as previously
described®”**. Participants were asked to report the consumption frequency for each food and beverage item,
regarding the production method (conventional vs. organic). The portion size of each item consumed was
reported using unit portions (i.e., a slice of bread, a yogurt of 125 g, an egg), accurate quantities (i.e., a bowl,
a glass, a teaspoon), or photographs that allowed a visual estimation of the quantity consumed. Each item’s
consumption was then converted into grams per day. For each food item of the Org-FFQ, the frequency of
organic consumption was reported using a Likert scale: always, often, about half of time, rarely, or never. Then,
to obtain a consumption in g/d, this scale was translated into 100, 75, 50, 25, and 0% of the total food item
consumption. The overall organic consumption was, therefore, the sum of these consumptions?’.

Sociodemographic data and other covariates

Sociodemographic variables at baseline and yearly after were self-reported by each participant, including sex,
age, education (< School diploma, High school diploma, and Post-secondary graduate), tobacco status (non-
smoker, former smoker, and current smoker), socio-professional category (“Retired”, “Executive or higher
intellectual profession”, “Craftsman, trader, business manager, farmer”, “Intermediate occupation”, “Employee”,
“Unemployed”, “Others without professional activity”, “Student”, and “Manual Worker”), residential area
(Rural area, Urban area<20,000 inhabitants, Urban area 20,000—200,000 inhabitants, Urban area>200,000
inhabitants), physical activity level according to the IPAQ (High, Moderate, Low, Missing data)*!, monthly
household income per unit of consumption (< 1200€, 1200-1800€, 1800-2700€, > 2700€, unwilling to declare),
and marital status (Alone, In a relationship/cohabiting). Body mass index (BMI) was calculated based on self-
reported weight and height data®->2,

Environmental pressures

Food consumptions were merged with their corresponding environmental value. We considered six indicators,
namely GHGe, cumulative energy demand (CED), land occupation (LO, ecological infrastructures, pesticide
use estimated by the treatment frequency index, and water use (WU). The method to compute GHGe, CED,
and LO has been extensively described elsewhere®. Briefly, farm-to-farm life cycle assessments (LCA) from
the DIALECTE database developed by Solagro® were used to compute food-related environmental indicators
distinguishing organic and conventional farming methods. This database specifically covers conventional and
organic French farms. GHGe (the indicator calculated in this study is the Global Warming Potential (GWP) over
a 100-year time horizon (GWP, ) in kg of CO, equivalents (CO,eq)), CED (M]), and LO (m?) were computed
at the farm perimeter excluding downstream steps such as conditioning, transport, processing, storage or
recycling stages. Economic allocation (accounting for coproducts), as well as cooking and edibility coeflicients,
were applied to 92 raw agricultural products to estimate production environmental pressure for the 264 FFQ
food items, each displayed into their organic and conventional forms. Extensive details have been provided
previously®” and are provided in Supplemental Method 1.

Ecological infrastructures, pesticide use and WU indicators were used for the first time. These have been
computed for both organic and conventional foods using different databases, in particular the French annual
agricultural statistics, FAOSTAT, Surveys on farming practices in France (Agreste website, Agriculture minister),
Agribalyse, Graphic parcel register, BD Haie, BD Forét®, effectives wetlands. A detailed description of the
computation of the three newly developed indicators is provided in Supplemental Method 2.

For each indicator, a higher value reflects greater pressure, except for ecological infrastructures reflecting
preservation of biodiversity. Based on the six environmental indicators, a summary of the environmental
pressure index (EPI) was computed (in reverse order for ecological infrastructures). In detail, each indicator
was first standardized to a scale of 0 to 1 to ensure comparability across variables and remove differences in
magnitude or units. For agroecological infrastructures, a high value is considered positive; therefore, the result
was subtracted from one. The six standardized indicators were then summed with equal weighting and rescaled
to stay within the same range of 0 to 1. The final sum was then multiplied by 100 to produce an EPI that ranges
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from 0 to 100. A higher EPI indicates a greater environmental impact. The distribution of the EPI is shown in
the Supplemental Method 3.

Statistical analysis

A total of 9,095 participants who had data on food consumption for each collection period (2014, 2018, and
2022) were eligible for this study. Individuals classified as underreporting or overreporting their energy intake
or living overseas were excluded, as detailed in a previous publication?”. Individuals with more than 1,500 kcal
variation between 2014 and 2022 (corresponding to the 1% with the highest kcal increase or decrease) were
considered outliers and also excluded (n=190), leaving a population for the trajectory profile analyses of 8,905
(flowchart in Supplemental Fig. 1), for whom models were performed.

The trajectory profiles were identified using latent class modeling for each six environmental pressures
(GHGe, CED, WU, LO, pesticide use, and ecological infrastructures) and the EPI using the R package lemm?3°
adjusted for age, sex, and energy intake. The models included random intercepts and timepoints were treated
as continuous. The “beta” link function, belonging to the family of Beta cumulative distribution functions, was
employed to estimate the relationship. Models with one to six trajectory profiles were tested, and those failing to
converge after 5,000 iterations were excluded. To guide class enumeration, we relied primarily on the Bayesian
Information Criterion (BIC), and also examined AIC, SABIC, entropy, and ICL, which yielded consistent class
solutions. Because LCMMs are sensitive to local maxima, we implemented a multi-start procedure using the
1-class model as deterministic starting values together with nine additional random initial values for each model
with ng > 2. The best converged solution (lowest BIC) among the 10 runs was retained. Log-likelihood trajectories,
parameter estimates, and posterior classification quality were examined to ensure robust convergence. As a
sensitivity analysis, we also re-estimated the models using categorical rather than continuous time.

The profiles identified with the different environmental pressure variables were compared using x? tests and
the strength of each association was examined through a Cramer’s V test. The identified profiles were then
compared for sociodemographic data at baseline and food group consumption (n=25) using ANOVA or mixed
models. P <0.05 was considered statistically significant.

In sensitivity analyses, the 190 excluded individuals were reclassified into the respective profiles, after which
the profiles were compared based on environmental pressure and sociodemographic characteristics. Additionally,
among participants who completed the FFQ in 2014, excluded and included individuals were compared. R
Software (version 4.3.2, R Foundation for Statistical Computing, Vienna, Austria®®) and SAS Software ® (version
9.4, SAS Institute INC, Cary, NC, USA) were used for statistical analyses.

Transparency

Dr Kesse-Guyot (the guarantor) affirms that the manuscript is an honest, accurate, and transparent account of
the study being reported, that no important aspects of the study have been omitted and that any discrepancies
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procedure.

Received: 14 May 2025; Accepted: 19 November 2025
Published online: 06 December 2025

References
1. Richardson, K. et al. Earth beyond six of nine planetary boundaries. Sci. Adv. Am. Assoc. Adv. Sci. 9, eadh2458 (2023).
2. Copernicus. Copernicus: 2024 is the first year to exceed 1.5°C above pre-industrial level | Copernicus [Internet]. 2025 [cited 2025
Feb 24]. Available from: https://climate.copernicus.eu/copernicus-2024-first-year-exceed-15degc-above-pre-industrial-level
3. Corrado, S., Luzzani, G., Trevisan, M. & Lamastra, L. Contribution of different life cycle stages to the greenhouse gas emissions
associated with three balanced dietary patterns. Sci. Total Environ. 660, 622-630 (2019).
4. Burke, D. T., Hynds, P. & Priyadarshini, A. Quantifying farm-to-fork greenhouse gas emissions for five dietary patterns across
Europe and North America: A pooled analysis from 2009 to 2020. Resour., Environ. Sustain. 12, 100108 (2023).
5. Crippa, M. et al. Food systems are responsible for a third of global anthropogenic GHG emissions. Nat. Food 2, 198-209 (2021).
6. Ritchie H, Roser M. Environmental Impacts of Food Production. Our World in Data [Internet] 2020 [cited 2022 Mar 11]; Available
from: https://ourworldindata.org/environmental-impacts-of-food
7. Benton TG, Bieg C, Harwatt H, Pudasaini R, Wellesley L. Food system impacts on biodiversity loss. 2021
8. Sanchez-Bayo, F. & Wyckhuys, K. A. G. Worldwide decline of the entomofauna: A review of its drivers. Biol. Cons. 232, 8-27
(2019).
9. IPCC. ARG Synthesis Report: Climate Change 2023 — IPCC [Internet]. 2023 [cited 2023 Apr 7]. Available from: https://www.ipcc
.ch/report/sixth-assessment-report-cycle/
10. Nelson, M. E., Hamm, M. W,, Hu, E B., Abrams, S. A. & Griffin, T. S. Alignment of healthy dietary patterns and environmental
sustainability: A systematic review. Adv. Nutr. 7, 1005-1025 (2016).
11. Scarborough, P. et al. Vegans, vegetarians, fish-eaters and meat-eaters in the UK show discrepant environmental impacts. Nat. Food
4, 565-574 (2023).
12. Reinhardt, S. L. et al. Systematic review of dietary patterns and sustainability in the United States. Adv. Nutr. 11, 1016-1031 (2020).

Scientific Reports |

(2026) 16:412 | https://doi.org/10.1038/s41598-025-29786-6 nature portfolio


https://climate.copernicus.eu/copernicus-2024-first-year-exceed-15degc-above-pre-industrial-level
https://ourworldindata.org/environmental-impacts-of-food
https://www.ipcc.ch/report/sixth-assessment-report-cycle/
https://www.ipcc.ch/report/sixth-assessment-report-cycle/
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Alves, R., Perelman, J., Chang, K. & Millett, C. Environmental impact of dietary patterns in 10 European countries; A cross-
sectional analysis of nationally representative dietary surveys. Eur. J. Pub. Health 34, 992-1000 (2024).

Burke, D. T., Hynds, P. & Priyadarshini, A. Evaluating the GHG emissions, land use, and water use associated with contemporary
dietary patterns in the Republic of Ireland. Environ. Res. 270, 120974 (2025).

Perraud, E., Wang, J., Salomé, M., Mariotti, E & Kesse-Guyot, E. Dietary protein consumption profiles show contrasting impacts
on environmental and health indicators. Sci. Total Environ. 856, 159052 (2023).

Rabes, A. et al. Greenhouse gas emissions, energy demand and land use associated with omnivorous, pesco-vegetarian, vegetarian,
and vegan diets accounting for farming practices. Sustain. Prod. Consumpt. 22, 138-146 (2020).

Fuentes-Ponce, M. H. et al. Direct and indirect greenhouse gas emissions under conventional, organic, and conservation
agriculture. Agr. Ecosyst. Environ. 340, 108148 (2022).

Hashemi, F, Mogensen, L., van der Werf, H. M. G., Cederberg, C. & Knudsen, M. T. Organic food has lower environmental
impacts per area unit and similar climate impacts per mass unit compared to conventional. Commun. Earth Environ. Nat. Pub.
Group 5, 1-18 (2024).

Boschiero, M., De Laurentiis, V., Caldeira, C. & Sala, S. Comparison of organic and conventional cropping systems: A systematic
review of life cycle assessment studies. Environ. Impact Assess. Rev. 102, 107187 (2023).

Chiriaco, M. V., Castaldi, S. & Valentini, R. Determining organic versus conventional food emissions to foster the transition to
sustainable food systems and diets: Insights from a systematic review. J. Clean. Prod. 380, 134937 (2022).

Biesbroek, S. et al. Are our diets getting healthier and more sustainable? Insights from the European Prospective Investigation into
Cancer and Nutrition - Netherlands (EPIC-NL) cohort. Public Health Nutr. 22, 2931-2940 (2019).

Mehlig, K. et al. Secular trends in diet-related greenhouse gas emission estimates since 2000 - a shift towards sustainable diets in
Sweden. Public Health Nutr. 24, 3916-3921 (2021).

Canto-Osorio, F. et al. Trends in the contribution of greenhouse gas emissions from food and beverage purchases in Mexico:
1989-2020. Nutr. J. 23, 55 (2024).

Hjorth, T. et al. Changes in dietary carbon footprint over ten years relative to individual characteristics and food intake in the
Visterbotten Intervention Programme. Sci. Rep. Nat. Pub. Group 10, 20 (2020).

Toujgani, H. et al. Dietary consumption trajectory profiles over time of French adults from the NutriNet-Santé cohort (2014-
2022): multicriteria analysis of sustainability. Int. J. Behav. Nutr. Phys. Act. 22,76 (2025).

Barnett, A. G., van der Pols, J. C. & Dobson, A. J. Regression to the mean: What it is and how to deal with it. Int. J. Epidemiol. 34,
215-220 (2005).

Baudry, J. et al. Contribution of organic food to the diet in a large sample of French adults (the NutriNet-Santé Cohort Study). Nutr.
Multidisciplinary Digital Pub. Inst. 7, 8615-8632 (2015).

Bassi, C., Maysels, R. & Anex, R. Declining greenhouse gas emissions in the US diet (2003-2018): Drivers and demographic trends.
J. Clean. Prod. 351, 131465 (2022).

Stewart, K., Balmford, A., Scheelbeek, P, Doherty, A. & Garnett, E. E. Changes in greenhouse gas emissions from food supply in
the United Kingdom. J. Clean. Prod. 410, 137273 (2023).

Aldaya, M. M. et al. Indicators and recommendations for assessing sustainable healthy diets. Foods Multidisciplinary Digital Pub.
Inst. 10, 999 (2021).

Eme, P. E., Douwes, J., Kim, N., Foliaki, S. & Burlingame, B. Review of methodologies for assessing sustainable diets and potential
for development of harmonised indicators. Int. J. Environ. Res. Public Health Multidisciplinary Digital Pub. Inst. 16, 1184 (2019).
Jones, A. D. et al. A Systematic review of the measurement of sustainable diets. Adv. Nutr. 7, 641-664 (2016).

Aceves-Martins, M., Lofstedt, A., Godina Flores, N. L., Ortiz Hernandez, D. M. & de Roos, B. What environmental metrics are
used in scientific research to estimate the impact of human diets?. Nutr. Multidisciplinary Digital Pub. Inst. 16, 3166 (2024).
Poore, J. & Nemecek, T. Reducing food’s environmental impacts through producers and consumers. Sci. Am. Assoc. Adv. Sci. 360,
987-992 (2018).

Clark, M. A, Springmann, M., Hill, J. & Tilman, D. Multiple health and environmental impacts of foods. Proc. Natl. Acad. Sci. 116,
23357-23362 (2019).

. ADEME. Agribalyse v3.0 [Internet]. 2020 [cited 2021 July 22]. Available from: https://agribalyse.ademe.fr/app
. Harris, E et al. The water footprint of diets: A global systematic review and meta-analysis. Adv. Nutr. 11, 375-386 (2020).
. Tompa, O., Lakner, Z., Olah, J., Popp, J. & Kiss, A. Is the sustainable choice a healthy choice?—water footprint consequence of

changing dietary patterns. Nutr. Multidisciplinary Digital Pub. Inst. 12, 2578 (2020).

. Bengtsson, J. et al. Grasslands—more important for ecosystem services than you might think. Ecosphere 10, €02582 (2019).
. Willett, W. Food in the Anthropocene: The EAT-Lancet Commission on healthy diets from sustainable food systems. Lancet

British 393, 447-492 (2019).

Brunin, J. et al. Do individual sustainable food purchase motives translate into an individual shift towards a more sustainable diet?
A longitudinal analysis in the NutriNet-Santé cohort. Clean. Resp. Consumpt. 5, 100062 (2022).

Reuzé, A. et al. Stages of change toward meat reduction: Associations with motives and longitudinal dietary data on animal-based
and plant-based food intakes in french adults. J. Nutr. 153, 3295-3307 (2023).

De Backer, C. et al. Meat and masculinities. Can differences in masculinity predict meat consumption intentions to reduce meat
and attitudes towards vegetarians. Appetite 147, 104559 (2020).

Douenne, T. & Fabre, A. French attitudes on climate change, carbon taxation and other climate policies. Ecol. Econ. 169, 106496
(2020).

Sanchez-Sabate, R. & Sabaté, J. Consumer attitudes towards environmental concerns of meat consumption: A systematic review.
Int. J. Environ. Res. Public Health Multidisciplinary Digital Pub. Inst. 16, 1220 (2019).

Kesse-Guyot, E. et al. Lessons learned from methodological validation research in E-epidemiology. JMIR Public Health Surveill 2,
e160 (2016).

Clune, S., Crossin, E. & Verghese, K. Systematic review of greenhouse gas emissions for different fresh food categories. J. Clean.
Prod. 140, 766-783 (2017).

Hercberg, S. et al. The Nutrinet-Santé Study: A web-based prospective study on the relationship between nutrition and health and
determinants of dietary patterns and nutritional status. BMC Public Health 10, 242 (2010).

Hagstromer, M., Oja, P. & Sjostrém, M. The international physical activity questionnaire (IPAQ): A study of concurrent and
construct validity. Public Health Nutr. 9, 755-762 (2006).

Vergnaud, A.-C. et al. Agreement between web-based and paper versions of a socio-demographic questionnaire in the NutriNet-
Santé study. Int. J. Public Health 56, 407-417 (2011).

Touvier, M. et al. Comparison between web-based and paper versions of a self-administered anthropometric questionnaire. Eur. J.
Epidemiol. 25, 287-296 (2010).

Lassale, C. et al. Validity of web-based self-reported weight and height: results of the nutrinet-santé study. J. Med. Internet Res. 15,
€2575 (2013).

Kesse-Guyot, E., Castetbon, K., Touvier, M., Hercberg, S. & Galan, P. Relative validity and reproducibility of a food frequency
questionnaire designed for french adults. Ann. Nutr. Metab. 57, 153-162 (2010).

Hallal, P. C. & Victora, C. G. Reliability and validity of the international physical activity questionnaire (IPAQ). Med. Sci. Sports
Exerc. 36, 556 (2004).

Scientific Reports |

(2026) 16:412

| https://doi.org/10.1038/s41598-025-29786-6 nature portfolio


https://agribalyse.ademe.fr/app
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

55. Baudry, J. et al. Improvement of diet sustainability with increased level of organic food in the diet: Findings from the BioNutriNet
cohort. Am. J. Clin. Nutr. 109, 1173-1188 (2019).

56. Pointereau P, Langevin B, Gimaret M. DIALECTE, a comprehensive and quick tool to assess the agro-environmental performance
of farms. [Internet]. 2012. Available from: https://ifsa.boku.ac.at/cms/fileadmin/Proceeding2012/IFSA2012_WS1.3_Pointereau.p
df

57. Seconda, L. et al. Comparing nutritional, economic, and environmental performances of diets according to their levels of
greenhouse gas emissions. Clim. Change 148, 155-172 (2018).

58. R Core Team. _R: A Language and Environment for Statistical Computing_. [Internet]. Vienna, Austria: R Foundation for
Statistical Computing; 2023. Available from: https://www.R-project.org/

Acknowledgements

We thank Thi Hong Van Duong, Régis Gatibelza, Amelle Aitelhadj and Aladi Timera (computer scientists) and
Selim Aloui (IT manager); Julien Allegre, Nathalie Arnault, Nicolas Dechamp, Laurent Bourhis (data managers/
statisticians), Fabien Szabo de Edelenyi (statistician manager); Paola Yvroud (health event validator & oper-
ational coordinator); Maria Gomes and Mirette Foham (participant support); Alexandre de Sa, Laure Legris,
Laura Chaud (dieticians), Cédric Agaesse (dietician manager); and Marie Ajanohun, Tassadit Haddar (admin-
istration and finance) and Nadia Khemache (administrative manager) for their technical contribution to the
NutriNet-Santé study. Finally, we warmly thank all the volunteers of the NutriNet-Santé cohort.

Author contributions

EP, AC, SB, AR, PP, CC, JB and EK-G designed the research; EP conducted the research and the statistical analy-
ses; EP, and EK-G analyzed the data; EP drafted the first version of the manuscript; EP and EK-G wrote the man-
uscript, and all authors provided critical comments on the manuscript. EP and EK-G had primary responsibility
for the final content, and all authors read and approved the final manuscript.

Funding

The BioNutriNet project (PI EKG) was supported by the French National Research Agency (Agence Nationale
de la Recherche) in the context of the 2013 Programme de Recherche Systémes Alimentaires Durables (ANR-
13-ALID-0001). The TRANSFood project was supported by the French National Research Agency (Agence Na-
tionale de la Recherche) (ANR-21-CE21-0011-01). The NutriNet-Santé cohort study is funded by the following
public institutions: Ministére de la Santé, Santé Publique France, Institut National de la Santé et de la Recherche
Médicale (Inserm), Institut National de la recherche pour lagriculture, I'alimentation et lenvironnement (IN-
RAE), Conservatoire National des Arts et Métiers (CNAM) and Sorbonne Paris Nord University. The funders
had no role in study design, data collection and analysis, decision to publish, or manuscript preparation.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-29786-6.

Correspondence and requests for materials should be addressed to E.P. or E.K.-G.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

TRANSFood Consortium

Helene Charreire>®, Thierry Feuillet’:?, Jean-Francois Huneau*, Laurent Muller®, Sabrina
Teyssier® & Juhui Wang*

SMolSA, Univ Montpellier, CIRAD, CIHEAM-IAMM, INRAE, Institut Agro, IRD, Montpellier, France. ®Univ Paris Est
Créteil LabUrba, Créteil 94010, France. “Université de Caen Normandie, UMR 6266 IDEES CNRS, Caen, France.

Scientific Reports |

(2026) 16:412 | https://doi.org/10.1038/s41598-025-29786-6 nature portfolio


https://ifsa.boku.ac.at/cms/fileadmin/Proceeding2012/IFSA2012_WS1.3_Pointereau.pdf
https://ifsa.boku.ac.at/cms/fileadmin/Proceeding2012/IFSA2012_WS1.3_Pointereau.pdf
https://www.R-project.org/
https://doi.org/10.1038/s41598-025-29786-6
https://doi.org/10.1038/s41598-025-29786-6
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

8University Grenoble Alpes, CNRS, GAEL, INRAE, Grenoble INP, 38000 Grenoble, France.

Scientific Reports | (2026) 16:412 | https://doi.org/10.1038/s41598-025-29786-6 nature portfolio


http://www.nature.com/scientificreports

	﻿Exploring eight-year trajectories of diet-related environmental pressures in the NutriNet-Santé cohort
	﻿Results
	﻿Characteristics of the sample
	﻿Trajectory profiles and environmental pressures

	﻿Discussion
	﻿Methods
	﻿Study population
	﻿Data collection
	﻿Dietary data
	﻿Sociodemographic data and other covariates
	﻿Environmental pressures


	﻿Statistical analysis
	﻿Transparency
	﻿References


