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Abstract

Objective: To study (1) the differences in dietary climate impact between sociodemographic
groups, (2) the differences in food consumption and macronutrient intake as absolute amounts
and in relation to energy intake by dietary climate impact level and (3) food groups as
contributors of dietary climate impact. Design: Food consumption and energy and
macronutrient intakes were calculated based on two non-consecutive 24-hour dietary recalls.
Dietary climate impact was calculated using national coefficients produced with life cycle
assessment. Regression analysis was used to test the mean differences between socio-
demographic groups and sex-specific dietary climate impact tertiles. Setting: Finnish national
food consumption survey FinDiet 2017. Subjects: In total, 565 men and 682 women (age 18-74)
after exclusion of energy under-reporters. Results: The mean daily dietary climate impact was
higher in men than in women (5:6 v. 4-0 kg CO,eq) and in younger age group (18-44 years)
than in older age group (65-74 years). The association of food consumption and dietary climate
impact was mainly different for food consumption as absolute amounts (g/d) and in relation to
energy (g/M]). In relation to energy, the consumption of animal-based foods was higher and
plant-based foods lower in the highest dietary climate impact tertile compared with the lowest
tertile. Red and processed meat was a major contributor to dietary climate impact. Conclusion:
Our study emphasises the importance of considering food consumption and nutrient intake
both as absolute amounts and in relation to energy intake. Our findings support the advantages
of plant-based diets in being both healthier and more climate-friendly.

The benefits of plant-based diets for the health of both humans and the planet have been widely
confirmed"¥. Diets must change to promote health and well-being of humans and to avoid
exceeding planetary boundaries. This is increasingly acknowledged in recent food-based dietary
guidelines®~®. The updated Nordic Nutrition Recommendations 2023, including food-based
dietary guidelines, are primarily based on health, but environmental aspects are integrated into
the recommendations more extensively than previously®. The Nordic Nutrition
Recommendations recommend predominantly plant-based diets with limited intake of red
meat and poultry and minimal intake of processed meat. The recent update of the Finnish
National Nutrition Recommendations, published in 2024, is based on the Nordic
recommendations and similarly addresses the environmental aspects in the food-based dietary
guidelines but additionally takes the local food culture of Finland into account®).

Food systems are one of the major contributors to anthropogenic global warming with an
estimated share of about one third of global greenhouse gas emissions (GHGEs)!*!!), Nearly
half of the GHGE from food systems is caused by crop and livestock production, about one fifth
from land-use change and about one third from pre- and post-production processes, such as
food manufacturing, retail, household consumption and food disposal').

Although many studies based on actual food consumption data suggest an association
between healthier diets and lower dietary GHGEs, i.e. climate impact®>-17), not all studies
confirm this association3-29, For example, in a study based on self-selected diets of French
adults, high-nutritional-quality diets had significantly higher dietary climate impact after the
GHGEs were adjusted for energy intakes!”). On the other hand, a study from the Netherlands
found that the consumption of both animal-based and plant-based foods with no adjustment for
energy intake was higher in the high dietary climate impact group compared with the low
climate impact group®V. Under-reporting was, however, found to be more common in the low
climate impact group, which suggests that the actual dietary GHGEs of the low climate impact
group may have been higher than estimated.
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Opverall, in addition to the type of food consumed, both the
amounts of food consumed and the energy intake are correlated
with the dietary climate impact. Therefore, when the dietary
climate impact is high, it is more likely that dietary recommen-
dations are achieved for foods and nutrients for which exceeding a
certain amount of food or nutrient is recommended. This may
apply to, for example, achieving the recommended levels of fruit
and vegetable consumption or fibre intake. Therefore, considering
food consumption or nutrient intake adjusted for total energy
intake might increase understanding of the relationship between
the nutritional quality and environmental impacts of diets while
considering the absolute amounts refers to actualised nutrient
intakes and dietary environmental impacts.

In addition to accounting for energy intake, consideration of
energy under-reporting is essential. A study from the UK
examined the association between diet quality and dietary climate
impact assessed with three different diet scores??). Energy
misreporting was evaluated based on the ratio of reported energy
intake to estimated energy requirement. The analyses revealed
inconsistent associations for the different diet quality scores when
energy misreporting was not adjusted for. After adjusting for
energy misreporting, an inverse association between diet quality
and dietary climate impact was seen for all three diet quality scores.
The analyses were also performed excluding the energy mis-
reporters. Among plausible reporters, the association between diet
quality and dietary climate impact was inverse, irrespective of
adjustments. Thus, energy under-reporting/misreporting may
complicate the analyses and interpretations and requires attention
in studies on dietary climate impact.

Different methods to account for energy intake, as well as
including/excluding misreporters, were compared in a recent study
from Sweden examining the relation between the dietary climate
impact and micronutrient intake®?. The different methodologies
included in the comparison lead to varying results and conclusions.
Currently, the means of taking these issues into account are not
established.

These methodological concerns also apply to the study
questions on whether the dietary climate impact varies between
sociodemographic groups, which has been examined in some
studies®"**>), The studies show higher dietary climate impact
among men than among women(!3-162124-20) " which is not
surprising given the higher energy requirement of men compared
to women. The evidence is less clear for other sociodemographic
groups(1424-28),

Red and processed meat and other animal-based products have
been estimated to be among the major contributors to dietary
climate impact?!?2242629) " Furthermore, the contribution of
different foods to the dietary climate impact has been analysed
in the Netherlands for adults and children by sex, and meat and
cheese contributed about 40 % of the dietary climate impact in all
included subgroups, i.e. among girls, boys, women and men®",

Examining how dietary climate impacts are distributed across
different sociodemographic groups helps to identify the population
groups with the highest impacts. This information is useful when
public health strategies and measures pursuing reductions in
climate impacts are planned. Simultaneously, the measures should
aim at improving the quality of diets in the whole population. In
addition, knowledge of food groups with major contribution to the
dietary climate impact nationally is essential to target the dietary
change interventions effectively. Our aims were to study (1) the
differences in dietary climate impact between different socio-
demographic groups in Finland, (2) the differences in food
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consumption and macronutrient intake as absolute amounts and
in relation to energy intake by dietary climate impact level and (3)
the contribution of each food ingredient group (%) to the total
dietary climate impact by sex, age and dietary climate impact level.

Methods
Study population

FinDiet 2017 Survey

Data from the national FinDiet 2017 Survey were used. The
FinDiet 2017 was a sub-sample of the national FinHealth 2017
Study, a health examination survey carried out in Finland between
January and May 201732, For the FinHealth 2017 Study, a
representative sample of adults aged 18 years and above (n 10 247)
was drawn from the Population Register. A sub-sample of those
aged 18-74 years (n 3099, 30 % of the FinHealth 2017 Study
sample) was invited to participate in the FinDiet 2017 Survey. Of
these, 59 % participated in the health examination and were eligible
for the dietary data collection. Diet was assessed by two non-
consecutive 24-hour dietary recalls carried out by trained dietary
interviewers. After exclusion of persons with incomplete or
missing dietary data (n 159 for whom two accepted recalls were not
achieved), 1655 adults aged 18-74 years (53 % of the invited)
formed the FinDiet 2017 Survey data (780 men and 875 women).

Foods consumed by the study participants were disaggregated
into their ingredients using standard recipes of the national food
composition database Fineli®®¥. The average daily consumption
of food ingredients and intake of energy and macronutrients were
calculated using an in-house dietary software®¥ and Fineli®. The
energy intake was calculated as MJ/d and the intake of macro-
nutrients as energy percentage (E%). The intake of fibre was
calculated in relation to energy (g/M]). Food ingredient
consumption was calculated both as absolute amounts (g/d) and
in relation to energy (g/M]).

For this study, energy under-reporters were excluded (215 men
and 192 women) (more information below in chapter Dietary
climate impact tertiles). The energy under-reporters were identified
following the EU Menu methodology®®®. In addition, one person
was excluded due to missing background information. After these
exclusions, the data of the present study included 1247 respondents
(565 men and 682 women).

Food ingredient groups
Fourteen food ingredient groups, classified according to the Fineli®
food grouping system, were chosen to represent major animal-
based and plant-based food groups: (1) vegetables and fruit
(including berries), (2) potatoes, (3) legumes, (4) nuts and seeds,
(5) beef, (6) pork, (7) red and processed meat (including beef, pork,
lamb, game, offal, sausages and cold cuts), (8) poultry, (9) fish and
seafood, (10) liquid dairy products (including milk and most sour
milk products such as yogurt), (11) cheese (matured cheeses), (12)
butter and butter-containing spreads, (13) vegetable oil and
margarine (including salad dressings and mayonnaise) and (14)
cereals. Beef and pork are included in the red and processed meat
group but also reported as separate food groups because of their
different climate impacts. Liquid dairy products, cheese and butter
and butter-containing spreads were kept as separate indicators as
they may be related to somewhat different dietary patterns.

The selected 14 food ingredient groups do not cover the whole
diet but serve as indicators of major animal-based and plant-based
food groups. However, all food ingredient groups and not only the
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fourteen selected indicator groups are included in the dietary
climate impact calculation.

Dietary climate impact calculation
In this paper, the dietary GHGE sum is referred to as the dietary
climate impact. The dietary climate impact was calculated from
food consumption data (FinDiet 2017 Survey), covering the whole
diet of the participants, using climate impact (GHGE) coefficients
for foods (kg CO, eq/kg food). Climate impact coefficients
produced with the life cycle assessment were linked to food
ingredient groups of the food composition database Fineli®.
Coefficients for food ingredient groups were retrieved from the
Natural Resources Institute Finland’s FoodMin dietary model®®
and were based on the institute’s previous life cycle assessment
studies and scientific literature. The FoodMin dietary model
consists of life cycle assessment-based climate impact estimations
for ninety-one food product groups and following the food
categorisation used in the FinDiet 2017 survey and Fineli® food
composition database. For each product group, minimum and
maximum values were set based on the available data, and the
average of these values was used to calculate estimates for this
study. The FoodMin model contains coefficients for both Finnish
and imported products. For this study, they were combined into
one value for each food group based on self-sufficiency rates®?,
thus representing foods consumed in Finland. Further, only
climate impacts derived from food production were accounted for
in FoodMin model, excluding consumption-related activities such
as cooking, shopping, food storage and consumer’s food waste, as
well as part of manufacturing phases and packaging. However,
these phases are roughly similar for all diets.

Individual-level dietary climate impact covering the whole diet,
i.e. GHGE sum/d (kg CO, eq/d), was estimated by multiplying the
consumption of each food ingredient group (g/d, mean of the two
dietary recalls) by the respective group’s climate impact coefficient,
and by summing the climate impacts of all consumed ingredient
groups. These absolute GHGE sums/d were used in all analyses, i.e.
GHGE sums were not adjusted for total energy intake.

Dietary climate impact tertiles

Preliminary inspection of dietary climate impacts was performed
with data including under-reporters. The preliminary analyses
revealed that the proportion of under-reporters was notable among
participants with low dietary climate impact; about half of the
subjects in the lowest climate impact group were classified as
energy under-reporters. Therefore, we examined the correlation
between energy intake and dietary climate impact, and the
Spearman’s rank correlation coefficient was 0-63 for women and
0-64 for men. Based on these preliminary analyses, we excluded
under-reporters as described under chapter FinDiet 2017 Survey
(28 % of men, 22 % of women) from the final analysis data set.
After exclusions, the respondents were divided into sex-specific
climate impact tertiles based on dietary climate impact per day.

Background information

Data on sex and age were obtained from the sampling frame,
information for the sociodemographic variables (education and
income) was obtained from the FinHealth 2017 Study question-
naires and information on residential area was obtained from the
Population Register Centre (coordinates of the residence of the
participants) and Statistics Finland (categorisation of urbanisation
level of residential area based on these coordinates).
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The three educational categories used here — low’, ‘middle’ and
‘high’ education level — were created by dividing self-reported
number of years of full-time studying (including primary school)
into tertiles by sex and birth year. Questions on total household
income before tax deductions during the previous year, and on
number of adult and underage household members, were utilised
to determine the income group. The household income question
contained ten categories: from ‘less than EUR 15 000" and ‘EUR
15001-25 000’ to ‘more than EUR 90 000’ income per year. For this
study, the upper limits of the bottom nine original response
categories (e.g. EUR 15 000 for the lowest category and EUR 25 000
for the next category), and the lower limit of the highest category
(i.e. EUR 90 000) multiplied by two, were divided by weighted sum
of household members, assigning a weight of 1-0 to the first adult,
0-7 to additional adults and 0-5 to underage household
members®”). The resulting individual values were grouped into
sex-specific quartiles, which in turn were combined into three
groups: ‘lowest quartile’, ‘middle quartiles’ (2.-3. quartiles
combined) and ‘highest quartile’. Urbanisation levels were
categorised as follows: ‘urban’ (urban areas), ‘semi-urban’ (areas
near urban areas and rural centres) and ‘rural’ (remote rural areas).
The proportions of study population in the categories of these
sociodemographic variables are presented in Table 1.

Statistical methods

All analyses were performed separately for men and women.
Survey weights were used to adjust for non-participation bias and
to improve the generalisability of the results to the Finnish adult
population®®,

Mean consumption of food ingredients or intake of macro-
nutrients was calculated using the mean of the two days for each
subject. Regression analysis was used to test the mean differences
between sociodemographic groups as well as between dietary
climate impact tertiles. Age was included as a covariate in the
regression models. Consumption or intake data were transformed
prior to regression analysis using cubic root transformation to
achieve normality. For pair-wise tests, multiple comparisons were
taken into account using the Tukey-Kramer adjustment. For some
episodically consumed food groups, it was not possible to
transform the consumption data into a normal distribution. For
these, the Kruskal-Wallis non-parametric test was used. Pair-wise
comparisons were not performed for non-parametric tests.
Consumption of food groups and macronutrients both as absolute
amounts (g/d) and in relation to energy (g/M] or E%) was used in
the analyses.

The contribution of food ingredient groups to the total dietary
climate impact (per cent of the total) was calculated by sex as well
as by dietary climate impact tertiles and age groups (separately for
men and women). To cover all food ingredient groups, food
ingredient groups which were not among the fourteen food
ingredient groups selected for reporting were combined to group
‘other’. The components of red and processed meat as contributors
of dietary climate impact were also examined separately: (1) beef,
(2) pork and (3) other red meat or processed meat (including lamb,
game, offal as well as sausages and cold cuts). For Figure 1 and see
online supplementary material, Supplemental Figure 1, the sum of
(1) liquid dairy products, (2) cheese (matured cheeses) and (3)
butter and butter-containing spreads was calculated. This sum
variable ‘dairy products’ does not, however, cover all dairy
products and excludes, for example, cream, ice cream, cream
cheese and quark.
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Table 1 The numbers and proportions of participants and means and Cls of dietary climate impact (greenhouse gas emission sum) in age, education, income and
urbanisation level groups by sex (FinDiet 2017 survey, n 1247, under-reporters excluded)

Men Women
Dietary climate impact Dietary climate impact
(kg CO, eq/d) (kg CO, eq/d)
n % Mean (kg CO, eq/d) 95% CI  General test n % Mean (kg CO, eq/d) 95% ClI  General test
All 565 56 54,58 682 4.0 39,41
Age (years) < 0-001" < 0-001"
18-44 210 37% 62 58, 6:6 241 35% 43 41, 4-5
45-64 208 37% 54 51, 5-7 247 36% 39 38,41
65-74 147 26% 43 4.0, 4-6 194 28% 35 33,36
Education NS NS
Low 193 34% 55 51,58 197 29% 39 37,41
Middle 178 32% 59 54,64 225 33% 42 39, 44
High 191 34% 54 5.0, 5-8 250 37% 4.0 38,42
Income NS NS
Lowest quartile 145 26% 57 52,62 131 20% 40 37,44
Middle (2.-3. quartiles) 290 52% 54 51,57 322 49% 40 38,41
Highest quartile 123 22% 59 5-3, 6:5 206 31% 41 39,43
Urbanisation level NS NS
Urban 312 55% 57 5.3, 6-0 426 62% 4-1 39, 42
Semi-urban 154 27 % 5.7 53,62 146 21% 4~0 38,43
Rural 99 18% 50 47,53 110 16% 39 37,41

*Pairwise comparison: All pairwise comparisons for differences between age groups were statistically significant (P < 0-05).

% Men Women
50 -

30 -

20 -

10 |

Vegetables Red and  Poultry  Fish and Dairy Cereals Vegetables Red and  Poultry  Fish and Dairy Cereals
and fruit processed seafood products* and fruit processed seafood products*
meat meat

m Lowest tertile m Middle mHighest tertile
*Dairy products are a sum of liquid dairy products, cheese and butter and butter-containing spreads.

Figure 1 Proportion of food ingredient groups as contributors of dietary climate impact in dietary climate impact tertiles by sex (FinDiet 2017 Survey, n 1247, under-reporters
excluded).

Results younger age groups compared to older age groups (Table 1). In the
youngest age group (18-44 years), the climate impacts were 6-2 and
4-3 kg CO, eq/d, respectively, while in the oldest age group (65-74
years), the respective figures were 4-3 and 3-5 kg CO, eq/d. No
The mean dietary climate impact was higher among men than  significant differences by education, income or urbanisation level
among women, 5-6 v. 4-0 kg CO, eq/d, respectively, and higher in ~ were seen.

Differences in dietary climate impact between
sociodemographic groups
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Food consumption by dietary climate impact tertiles

The mean consumption of foods classified into fourteen food
ingredient groups is presented both as absolute amounts per day
(g/d) and in relation to energy (g/M]) in sex-specific dietary
climate impact tertiles (Tables 2 and 3).

Higher climate impact was mostly associated with higher
absolute consumption of food groups (g/d). This applied to red and
processed meat, beef, poultry, liquid dairy products, cheese and
vegetable oil and margarine among both sexes, and to butter and
butter-containing spreads as well as cereals among women. For
example, the consumption of red and processed meat in the lowest
and highest climate impact tertiles was 69 g/d and 215 g/d in men,
respectively, and 40 g/d and 118 g/d in women, respectively. As an
exception, fish and seafood consumption among men was lowest in
the middle dietary climate impact tertile.

The relationship of food consumption in relation to energy
(g/M]) and dietary climate impact varied between animal-based
and plant-based foods. The consumption of red and processed
meat, beef, poultry and cheese among both sexes and in addition
that of liquid dairy products among women was higher in higher
climate impact tertiles. The consumption of red and processed
meat in relation to energy in the lowest and highest climate impact
tertiles was 8-2 g/MJ and 18-1 g/M]J in men, respectively, and 6-0 g/
MJ and 13-5 g/MJ in women, respectively. By contrast, the
consumption of vegetables and fruit as well as cereals was lower
among higher dietary climate impact tertiles. The consumption of
vegetables and fruit in relation to energy in the lowest and highest
climate impact tertiles was 38 g/MJ and 30 g/MJ in men,
respectively, and 58 g/M]J and 43 g/M] in women, respectively.

Macronutrient intake by dietary climate impact tertiles

The focus in the case of the intake of macronutrients in dietary
climate impact tertiles was on the figures expressed as energy
percentage (E%) and in relation to energy (g/M]) for fibre. The
intakes of energy (MJ/d) and protein (E%) were higher in higher
dietary climate impact tertiles (Table 4). The intake of total fat
(E%) did not differ by climate impact tertiles. The intake of SFA
(E%) was higher in higher dietary climate impact tertiles with
significant differences between all tertiles among women. Among
men, the intake of saturated fat (E%) was higher in the middle
tertile compared to the lowest tertile. The intake of carbohydrates
(E%) and fibre (g/M]) was lower in higher dietary climate impact
tertiles. The intake of PUFA (E%) among women was lower in the
highest dietary impact tertile compared to the lowest tertile.
Among men, the intake of PUFA (E%) did not differ between the
climate impact tertiles.

The intake of macronutrients as g/d is presented in online
supplementary material, Supplemental Table 1. The intake (g/d) of
protein, total carbohydrates, fat, SFA and PUFA was higher in
higher climate impact tertiles. The intake of fibre (g/d) did not
differ between the climate impact tertiles.

Food ingredient groups as contributors to dietary climate
impact

The contribution of different food ingredient groups to the total
dietary climate impact by sex is presented in online supplementary
material, Supplemental Table 2. Red and processed meat was a
major contributor to dietary climate impact with a share of 40 % in
men and 30 % in women. Within the red and processed meat
group, beef was the main contributor to dietary climate impact.
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Beef contributed 20 % and 16 % of total climate impact in men and
women, respectively.

The proportions of different food ingredient groups as
contributors to total dietary climate impact varied between the
climate impact tertiles (Figure 1). The share of red and processed
meat was 49 % and 41 % in the highest tertile and 20 % and 15 % in
the lowest tertile in men and women, respectively. On the other
hand, the share of vegetables and fruit was 6 % and 9 % in the
highest tertile and 10 % and 16 % in the lowest tertile in men and
women, respectively. Some variation by climate impact tertiles was
also seen for dairy products as contributors to total dietary climate
impact with a share of 17 % and 19 % in the highest tertile and 26 %
and 23 % in the lowest tertile in men and women, respectively. The
share of poultry and fish and seafood as contributors to total
dietary climate impact seemed quite even across the climate impact
tertiles.

The results by age showed that red and processed meat
contributed 43 % and 33 % in the youngest age group and 37 % and
28 % in the oldest age group of total dietary climate impact in men
and women, respectively (see online supplementary material,
Supplemental Figure 1).

Discussion

Based on actual food consumption data from Finland, the dietary
climate impact was lower among women than among men and
lower among older age groups compared to younger age groups.
The association between the consumption of different food
ingredient groups and the dietary climate impact was somewhat
different considering food consumption as absolute amounts (g/d)
and in relation to energy (g/MJ]). Our results support the
conclusion of a recent study from Sweden that to comprehensively
understand dietary sustainability, more than one analytical
approach may be needed®. For several food groups, higher
absolute consumption (g/d) was associated with higher climate
impact. When food consumption was examined in relation to
energy (g/M]), the consumption of animal-based foods such as red
and processed meat, poultry and cheese was associated with a
higher dietary climate impact, whereas the consumption of plant-
based foods such as vegetables and fruit as well as cereals was
associated with a lower dietary climate impact. Presenting both
approaches increases understanding of the different aspects of
dietary climate impacts. The results based on absolute consump-
tion provide a general picture of the associations, whereas results
for food consumption in relation to energy illustrate the quality of
diets in relation to their climate impact. In our study, results of
macronutrient intakes in relation to energy (i.e. energy percentages
or fibre as g/MJ) point to higher intakes of energy, protein and SFA
(E%), and lower intakes of carbohydrates (E%) and fibre (g/M]) in
higher dietary climate impact tertiles. In general, food consump-
tion and macronutrient intakes in the lowest dietary climate
impact tertile were closer to the Nordic Nutrition recommenda-
tions® than in the other tertiles.

The absolute dietary climate impact was higher in men than in
women, which is in line with earlier literature(13-1621:23-26) The
difference between the sexes is probably related both to the higher
overall food consumption as well as differences in food choices, for
example, almost twofold consumption of red and processed meat
in men compared to women, according to our study. In our study,
the dietary climate impact was lower among older age groups
compared to younger age groups, which is in line with recent
findings from Finland based on food frequency questionnaire
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Table 2 Means and Cls of consumption of food ingredient groups (g/d and g/MJ) in men by dietary climate impact (greenhouse gas emission sum) tertiles (FinDiet 2017 survey, n 565, under-reporters excluded)

Men (g/d)

Men (g/MJ)

Climate impact tertile

Climate impact tertile

All General Pairwise General Pairwise
men Lowest (1) Middle (2) Highest (3) test comparison Lowest (1) Middle (2) Highest (3) test comparison
95 % 95 % 95 %
Mean  Mean 95% Cl Mean 95% CI Mean 95% CI P value Sign. diff.” Mean Cl Mean Cl Mean Cl P value Sign. diff.”
Vegetables 3326 3256 2948, 3144 281.0, 353-3 3138, NS 377 343, 314 281, 29-8 26-4, 0-002 1>2,1>3
and fruit' 3564 3478 3927 411 34.8 331
Potatoes 914 823 709, 95.5 81.8, 94.8 814, NS ¥ 9:6 83, 9-4 81, 7-8 67, NS ¥
936 109-1 108-2 109 10-7 89
Legumes 143 147 9.8,196 103 56,151 1744 97,251 NS i 1.7 1.1, 09 06, 14 09, NS t
2-2 13 2-0
Nuts and 7-6 7-6 41,111 7.0 4.0, 9-9 8.0 5.5, 10-5 NS t 0-8 0-5, 07 0-4, 0-6 0-5, NS t
seeds 12 0-9 0-8
Red and 1487 694 572, 1422 130.0, 214-6 198-3, <0:00001 1<2,1<3, 82 69, 139 12.9, 18-1 166, <0-00001 1<2,1<3,
processed 816 154.5 230-9 2<3 9-5 15.0 19-6 2<3
meat
Beef 344 32 1-6, 4-8 14-6 11-6, 74-9 64-3, < 0-00001 i 0-4 02, 1-6 1.3, 6-5 5.6, < 0-00001 ¥
177 85.5 0-6 2:0 74
Pork 39-2 30-7 20-9, 42-1 32.9, 43-3 334, NS ¥ 3.5 2.5, 4.0 31, 35 27, NS i
40-5 514 531 4.5 4.8 4.3
Poultry 47-8 27-7 18.9, 50-8 39:8, 60-6 45.8, 0-003 ¥ 31 22, 52 4.0, 5.0 3.8, 0-03 i
36-6 61-9 75-4 4.1 6-4 6-2
Fish and 386 43.9 34.3, 299 231, 419 232, 0-03 ¥ 51 4.0, 29 23, 32 2.0, 0-001 i
seafood 53-6 36-7 60-7 6-1 36 4.4
Liquid dairy 412-3 330-8 274-0, 439-1 384-2, 451-6 390-3, 0-01 1<2 39:2 325, 43-0 377, 36-5 321, NS
products 3876 494.0 512-9 45.9 482 40-8
Cheese® 373 25-4 21-6, 349 30-6, 48-4 41.9, < 0-00001 ¥ 3:0 2.5, 34 3.0, 4.0 3.5, 0-005 ¥
293 393 54.8 34 3-8 4.5
Butter and 20-7 17-8 14.5, 23-2 19:8, 20-8 16-7, NS 2:0 1.7, 23 2.0, 1.8 1.4, NS
butter- 211 266 24.8 24 26 21
containing
spreads
Vegetable oil 328 283 25-1, 30-8 27-4, 380 321, 0-01 1<3 33 2.9, 3.0 27, 31 27, NS
and margarine 314 343 43-8 3.7 32 34
Cereals!l 166:1 1566 1480, 163-9 1520, 1752 155.7, NS 182 17-2, 15.9 150, 14-3 13-2, < 000001 1>2,1>3,
165-2 175-8 194-8 192 16-7 153 2>3

Sign. diff., significant difference.

*Considered significantly different with group rankings as indicated, if for the general test P < 0-05 and for pair-wise comparison P < 0-05.

tincluding berries.

tPair-wise comparisons not produced for food ingredient groups where the non-parametric general test had to be used.

$0nly matured cheeses included.

lincluding wheat, barley, oat, rye, rice, starch, other cereals and cereal bars.
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Table 3 Means and Cls of consumption of food ingredient groups (g/d and g/MJ) in women by dietary climate impact (greenhouse gas emission sum) tertiles (FinDiet 2017 survey, n 682, under-reporters excluded)

Women (g/d)

Women (g/MJ)

Climate impact tertile

All General Pairwise

Climate impact tertile

General Pairwise
women Lowest (1) Middle (2) Highest (3) test comparison Lowest (1) Middle (2) Highest (3) test comparison
95 % 95 % 95 % 95 % 95 % 95 %
Mean Mean Cl Mean Cl Mean Cl P value Sign. diff.” Mean (o] Mean Cl Mean Cl P value Sign. diff.”
Vegetables and 4032 4108 3669, 4111 3772, 3894 3584, NS 57.7  52:8, 52:0 480, 434 401, 0-002 1>3,2>3
fruit! 454.7 445.0 420-5 626 559 46-8
Potatoes 62-7 59-6 503, 61-4 53-4, 66-5 582, NS # 87 7.3, 77 67, 7-4 6-5, NS &
69-0 69-4 747 10-1 8.7 8:3
Legumes 125 16-6 11.9, 10-0 71, 11-2 7-4, NS # 23 17, 13 09, 12 0-8, NS &
214 129 15.0 29 1-6 1-6
Nuts and seeds 10-6 12-3 9.6, 9.0 7.0, 10-6 82, NS # 1.7 1.3, 11 08, 11 0.9, NS ¥
151 11.0 13.0 2:0 13 14
Red and 765 40-1 34.7, 660 59:1, 1175 1092, < 0-00001 t 60 5.2, 86 77, 135 125, < 0-00001 t
processed meat 45.6 73:0 125-8 6-8 9-6 14.5
Beef 195 2:5 1.5, 104 81, 42-6 367, < 0-00001 ¥ 0-4 0-2, 1.5 1.1, 5.0 4.3, < 0-00001 ¥
35 126 48-5 0-6 1-8 5.7
Pork 191 186 14-0, 189 14-1, 19-7 14-7, NS ¥ 28 2-1, 23 18, 22 1.7, NS ¥
232 236 24-8 3.5 29 2-7
Poultry 36-8 20-8 14.9, 43-8 34-6, 44.3 354, 0-001 ¥ 3.0 22, 5.6 4.4, 4.9 3.9, 0-007 ¥
26-7 53-0 53-2 39 6-8 5-9
Fish and seafood 295 313 25.5, 29-2 229, 28-2 231, NS # 4.5 37, 36 2.8, 31 2.5, NS #
37-0 354 332 53 4.3 36
Liquid dairy 3235 253-2 2223, 3338 2948, 375-0 3369, 0-00001 1<2,1<3 36-3 31.9, 42-3 37-5, 41-2 37.0, 0-01 1<2,1<3
products 284-1 372-8 413-1 40-7 47-0 45.4
Cheese® 24.8 167 14-5, 24-4 21.9, 320 287, < 0-00001 ¥ 2.5 21, 31 2.8, 35 32, 0-00001 #
189 27-0 354 2-8 35 39
Butter and butter- 14-8 126 10-5, 153 13.0, 163 14-1, 0-009 1<3 1.8 1.5, 1.9 1.6, 1.7 1.5, NS
containing spreads 14-6 175 185 2:1 2:1 2:0
Vegetable oil and 22.5 20-7 18:4, 21-6 19.0, 24-8 22.4, 0-04 NS 29 2-6, 27 2:4, 27 2:4, NS
margarine 23-0 242 272 32 31 3.0
Cereals! 121-4 1143 1083, 1166 1102, 1318 1260, 0-0008 1<3,2<3 16-4 155, 14-6 13.9, 14-5 13.9, 0-003 1>2,1>3
120-4 1229 137-6 17-2 154 151

Sign. diff., significant difference.

*Considered significantly different with group rankings as indicated, if for the general test P < 0-05 and for pair-wise comparison P < 0-05.
tincluding berries.

tPair-wise comparisons not produced for food ingredient groups where the non-parametric general test had to be used.

$0nly matured cheeses included.

”Including wheat, barley, oat, rye, rice, starch, other cereals and cereal bars.

uonLINN YIIoaH 211Gnd


https://doi.org/10.1017/S1368980025101730

ssaud Aisianun abpliquied Aq auluo paysiiand 0£/L01SZ008689€ 1S/2101°0L/B10"10p//:sdny

Table 4 Means and Cls of energy and macronutrient intakes in men and women by dietary climate impact (greenhouse gas emission sum) tertiles (FinDiet 2017 survey, n 1247, under-reporters excluded)

Men

Women

Climate impact tertile

Climate impact tertile

All General Pairwise All General Pairwise
men Lowest (1) Middle (2) Highest (3) test comparison women Lowest (1) Middle (2) Highest (3) test comparison
95 % 95 % 95 % 95 % 95 % 95 %
Mean  Mean (] Mean Cl Mean Cl P value Sign. diff.” Mean Mean Cl Mean Cl Mean Cl P value Sign. diff.”
Energy (MJ) 10-5 8.7 84, 10-3 10-0, 122 11.7, 0-00001 1<2,1<3, 81 7-0 69, 80 7-8, 91 8.9, 0-00001 1<2,1<3,
8-9 10-6 12.7 2<3 7-2 82 9-4 2<3
Protein (E%) 177 160 15.5, 17-2 16-7, 195 18.8, 0-00001 1<2,1<3, 17-0 159 15-4, 169 16.5, 179 17-3, 0-00001 1<2,1<3,
16-5 17-6 20-2 2<3 16-3 17-4 185 2<3
Total 41-4 44.1 428, 41-4 40-5, 393 382, 0-0001 1>2,1>3 42-3 44.0 43-1, 41-8 40-8, 41-1 40-3, 0-00001 1>2,1>3
carbohydrates 45.4 42.4 40-4 45.0 42-8 42.0
(E%)
Fibre (g/MJ) 2:4 2:8 2.7, 2.4 2.3, 22 2.1, 0-00001 1>2,1>3 2:8 32 3.0, 2.7 2:6, 2.5 2.4, 0-00001 1>2,1>3
3.0 2:6 23 33 29 2.7
Fat (E%) 389 3717 363, 39.5 385 394 385, NS 385 375 365, 39.1 380, 389 381, NS
39-0 40-4 40-4 385 40-1 39-8
SFA (E%) 152 14-6 14-0, 157 152, 153 147, 0-04 1<2 145 135 12.9, 149 14.4, 151 14-7, 0-00001 1<2,1<3
152 16-3 15-8 14.0 155 155
PUFA (E%) 68 7.0 66, 68 65, 68 65, NS 7.1 7.3 7.0, 71 68, 68 65, 0-02 1>3
73 71 71 77 74 71
n-3 PUFA (E%) 1-6 1.7 1.5, 1.5 1.4, 1.5 1-4, 0-04 NS 1.7 1-8 1.7, 1.7 1-6, 1-6 1.5, NS
1.8 1-6 16 2:0 1.8 1.7

Sign. diff., significant difference.

*Considered significantly different with group rankings as indicated, if for the general test P < 0-05 and for pair-wise comparison P < 0-05.
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data®), while inconsistency in results for age groups has generally
been seen in previous studies®”. Interestingly, our results also
suggest that the share of red and processed meat as a contributor to
dietary climate impact was highest in the youngest age group in
both sexes. Thus, our results do not suggest that people in younger
age groups would have adopted more plant-based diets and would
try to avoid the consumption of red and processed meat. However,
in our analyses, the youngest age group did not only include young
adults, but the age range was quite wide: 18-44 years, as our data
did not allow a finer age categorisation. In our study, no significant
differences by education, income or urbanisation level were seen.
However, in another Finnish study utilising food frequency
questionnaire data and comprising a considerably larger sample
than ours, sociodemographic differences in dietary climate impact
were examined for several sociodemographic indicators*”. The
absolute dietary climate impact was higher among women living in
remote rural areas compared to more urban living areas, whereas
the dietary climate impact was the lowest in men in the lowest
income quintile and the highest in men in the highest quintile.
Differences by education were not observed.

Red and processed meat and dairy products were major
contributors to the total dietary climate impact, supporting the
findings from other studies?">>2%2) In Finland, currently about
93 % of men and 60 % of women exceed the recommendation of a
maximum of 350 g of red and processed meat per week,
indicating a need for changes in diets’®. We further examined the
aspect of food ingredient groups as contributors to dietary
climate impact by age and climate impact tertiles. In a study from
the Netherlands, including participants aged seven and older, the
contribution of meat and cheese to the dietary climate impact
was 40 % in all included subgroups by sex and age, i.e. among
girls, boys, women and men®". However, as our data only
included adults, our results by age cannot be directly compared
with the findings from the Netherlands. Overall, the results on
food consumption and on the contributors of dietary climate
impact by dietary climate impact tertiles highlight the marked
role of red meat in high climate impact diets.

Under-reporting of energy intake is a well-founded concern
in all dietary studies based on participants’ self-reports©?).
We examined under-reporting among all FinDiet 2017 Survey
participants and about half of the subjects in the lowest dietary
climate impact group were classified as energy under-reporters.
To enable reasonable comparisons between dietary climate
impact groups, we excluded energy under-reporters from the
data. Exclusion of energy under-reporters may have resulted in
misclassification of some subjects but was necessary because
of the high proportion of under-reporters in the lowest dietary
climate impact group. Exclusion of energy under-reporters
also improved the reliability of the estimates of the actual dietary
climate impact, as under-reporting of food consumption and
thereby energy intake also leads to underestimates of the
climate impact. Even after the exclusion of under-reporters,
dietary climate impact increased along with energy intake,
which is plausible. Higher share of under-reporters in lower
dietary climate impact groups has also been seen in other
studies?'?%), Accounting for energy under-reporting in earlier
studies seems inconsistent. Energy under-reporters have
been excluded from the analyses in some studies in all
analyses!>19 or in selected analyses®”, whereas in other
studies under-reporting has been accounted for by adjusting
for estimated energy requirement®” or by comparing several
approaches?,

https://doi.org/10.1017/51368980025101730 Published online by Cambridge University Press

The ways to account for the positive relationship between
energy intake and dietary climate impact have varied as well. In
some studies, food consumption and nutrient intakes have been
adjusted for total energy intake!>!”); in some studies, the dietary
GHGEs have been adjusted for energy intake'*!®), while in one
study both of them were considered in relation to energy intake(!%).
A study from Sweden, which focused on the relations between
dietary GHGEs and micronutrient intake, compared several
methods to adjust for energy intake: GHGE per day, GHGE per
1000 kcal as well as adjusting for energy intake by including total
energy intake as a covariate in the statistical model or using the
residual method®®). We formed the dietary climate impact tertiles
based on absolute dietary GHGE sums without adjustment for
energy intake so that they would reflect real diets and the
interpretation would remain as concrete as possible. Energy intake
was accounted for in the food consumption and macronutrient
intake calculations, which were explored both as absolute
consumption (g/d) and in relation to energy (g/MJ] or E%),
reflecting the composition of diet. The contrasting results based on
the two approaches confirm the relevance of thorough consid-
eration of the association of energy intake and climate impact of
diets in future studies and underline the need for an explicit and
transparent description of how energy intake and under-reporting
are accounted for. Considering the quality of diets is essential in the
pursuit of decreasing dietary climate impacts, while on the other
hand, in the real world, environmental impacts are related to
actual diets.

The strengths of this study include the food consumption data
from the National FinDiet 2017 Survey representing the Finnish
adult population® and the nationally produced climate impact
coefficients obtained from the Natural Resources Institute
Finland®®. Another strength of our study is our approach. It
included a thorough consideration of the role of energy intake,
which broadens the understanding of the relationship between
diets and their climate impacts.

Ideally, multiple sustainability indicators would be considered
simultaneously in dietary analyses!”). A limitation of our study was
that, of the different dietary environmental impact indicators, we
used only GHGEs, i.e. the climate impact. Climate impact is the
most abundantly used indicator for dietary environmental impact
in research literature®, but in future studies, it is relevant to shift
the focus to the impacts on water use, eutrophication and
biodiversity loss, among others. Our analyses also focused on food
consumption and on macronutrients. In future studies, examining
micronutrient intakes by dietary climate impact level would
complement the current findings.

Our data are from year 2017, and possible changes in food
consumption patterns thereafter in different population groups in
Finland could not be taken into account. For example, the variety
of plant-based foods has widened and the discussion on the
environmental aspects of food consumption has increased in the
Finnish society. More broadly, the COVID-19 pandemic and
recent changes in the geopolitical situation in Europe have led to a
greater focus on food security and may thereby also have affected
food consumption.

Further, it is possible that all existing population group
differences could not be observed because of the restrictions in the
size of the data after the exclusion of energy under-reporters. It is
essential to examine the population group differences when more
recent dietary data from Finland is available with thorough
consideration of energy intake also in the population group
comparisons.
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Conclusions

Our study from Finland showed that the dietary climate impact
was lower among women than among men and lower among older
age groups compared to younger age groups. The relations between
food consumption and macronutrient intake and the dietary
climate impact were somewhat different when food consumption
and macronutrient intake were considered as absolute amounts
(g/d) compared to considering them in relation to energy (g/M] or
E%). In relation to energy intake, the consumption of animal-based
foods was higher and that of plant-based foods lower in higher
climate impact tertiles compared to lower tertiles. For macro-
nutrient intakes, our results suggest more favourable diets with
respect to the recommendations in lower dietary climate impact
tertiles compared to higher tertiles. Higher intake of carbohydrates
(E%) and fibre (g/M]) as well as PUFA (E%) among women was
associated with a lower dietary climate impact. Our results also
suggest an association between higher SFA intake (E%) and higher
dietary climate impact. Overall, our study emphasises consid-
eration of the quality of diets, i.e. food consumption in relation to
energy intake (g/M]), not just absolute consumption (g/d), when
the characteristics of diet in different environmental impact
categories are studied. Our study showed that red and processed
meat was a major contributor to dietary climate impact and that
red and processed meat consumption was highest in the highest
climate impact tertile.

Thus, at a research and policy level, it is essential to design and
implement effective measures for dietary changes among the
Finnish population towards the current Nordic and Finnish
national nutrition recommendations®” as this would promote
both healthier and more climate-friendly diets. As the dietary
climate impact is higher among men than among women and also
somewhat higher among adults aged 18-44 years than among
older age groups, measures targeting these population groups are
required especially. Examples of suitable measures might include,
for instance, engaging young or early middle-aged parents at child
health clinics or school health care with dietary advice directed to
whole families or urging the food industry and the work catering
services to develop or serve more plant-based foods that would be
appealing also to working-age men.

Supplementary material. For supplementary material accompanying this
paper, visit https://doi.org/10.1017/S1368980025101730
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