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Abstract
Objective: The objective of this study was to examine climate impact from diet
across background and sociodemographic characteristics in a population-based
cohort in northern Sweden.
Design: A cross-sectional study within the Västerbotten Intervention Programme.
Dietary data from a 64-item food frequency questionnaire collected during
1996–2016 were used. Energy-adjusted greenhouse gas emissions (GHGE) for
all participants, expressed as kg carbon dioxide equivalents/day and 4184 kJ
(1000 kcal), were estimated using data from life cycle analyses. Differences in back-
ground and sociodemographic characteristics were examined between participants
with low and high GHGE from diet, respectively. The variables evaluated were
age,BMI, physical activity,marital status, level of education, smoking, and residence.
Setting: Västerbotten county in northern Sweden.
Participants: In total, 46 893 women and 45 766 men aged 29–65 years.
Results:Differences in GHGE from diet were found across the majority of examined
variables. The strongest associations were found between GHGE from diet and age,
BMI, education, and residence (all P< 0·001), with the highest GHGE from diet
found amongwomen andmenwhowere younger, had a higher BMI, higher educa-
tional level, and lived in urban areas.
Conclusions: This study is one of the first to examine climate impact from diet across
background and sociodemographic characteristics. The results show that climate
impact fromdiet is associatedwith age,BMI, residence and educational level amongst
men and women in Västerbotten, Sweden. These results define potential target pop-
ulations where public health interventions addressing a move towards more climate-
friendly food choices and reduced climate impact from diet could be most effective.
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The food and agricultural sector has a significant role in
greenhouse gas emissions (GHGE)(1–4). Food production
contributes between 19 and 29% of total GHGE worldwide
today(5). In Sweden, the food sector accounts for about 25%
of all emissions(6). There are significant options to reduce
GHGE from food production by reduced waste, new tech-
nology and improved management. Springmann and col-
leagues estimate the potential for reducing GHGE globally
by such measures to be in the range 13–18%(3). However,

in Sweden and in most parts of Europe, productivity is
already high and residual potential for reducing GHGE
through increased productivity and technical solutions is
not as significant(7,8). For these countries, changes in dietary
habits and food intake are more important as they have great
potential to reduce total GHGE(9-11). However, to achieve a
reduced climate impact from diet, more information is
needed on where, and among who, public health messages
for reduced dietary carbon footprint should be directed(12).
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Relatively few studies have examined how climate impact
from diet relates to background and sociodemographic char-
acteristics. A study from Ireland evaluated GHGE from diet
among Irish adults and found thatmales, younger consumers
and individuals with secondary education had higher GHGE
from diet compared with women, older consumers and indi-
viduals with either tertiary education or below secondary
education(13). Another study among 5364 Swedish partici-
pants aged 18–45 years also found lower GHGE from diet
among women than men; however, in this study, GHGE
from diet increased with age(14). This was also found in a
study from America within the National Health and
Nutrition Examination Study 2005–2010, where individuals
were divided into quintiles depending on energy-adjusted
GHGE from diet. Adult women as well as younger individ-
uals (18–29 years) were more likely to have diets in the low-
est quintile group(15). Themost recent national food survey in
Sweden from 2010 to 2011 found that consumption of differ-
ent food groups varies between groups in the population
depending on, for example, gender, age, level of education
and BMI(16). The results showed that women have higher
intake of fruit and vegetables than do men and that men
eat more meat, fish, and dairy products than do women.
Furthermore, the findings showed that older men
(65–80 years) generally eat less meat than younger
men (18–64 years), and that individuals with a university
education have a higher intake of fruit, vegetables, cheese,
and alcohol compared with those with a lower level of
education.

Through national food surveys in Sweden, food con-
sumption across different groups in the population has been
mapped(16). However, less is known regarding differences
in climate impact from diet across background and socio-
demographic variables. This information is needed to better
understand how and why GHGE from diet differ within the
population and to identify target populations for public
health interventions to reduce climate impact from diet.
Hence, the aim of this paper was to identify how different
background and sociodemographic characteristics relate to
climate impact from diet among women and men within a
population-based cohort in northern Sweden.

Methods

Study design and participants
The Västerbotten Intervention Programme (VIP) is an
ongoing, population-based prospective study that was initi-
ated 1985 and runs in the county of Västerbotten in northern
Sweden(17). The county has approximately 260 000 inhabi-
tants, of which more than 120 000 live in the city of
Umeå. Every year, all inhabitants turning 40, 50, and 60 years
are invited to participate in the study. The study participants
receive a mailed invitation letter inviting them to their local
health centre for a standardized medical examination. They
also complete a comprehensive questionnaire on diet and

lifestyle. The participation rate has varied over time, with
an average of 60%. Reports of significant social selection
bias in relation to age, unemployment or income have been
limited(18). Until 1996, 30-year olds were also invited, but
for financial reasons today this only persists in some
communities(17). The Research Ethics Committee at Umeå
University approved the original study in 1984, and the
Regional Ethics ExaminationBoard inGothenburg approved
the current study in 2017. Written informed consent was
obtained from all participants.

Dietary assessment
At the health examination within VIP, participants complete
a 64-item food frequency questionnaire (FFQ) including
nine frequencies, ranging from never to ≥4 times per day.
The FFQ is semi-quantitative and includes four pictures with
increasing amounts of meat, vegetables, and potato/rice/
pasta to indicate portion sizes of these three food groups.
For other foods, either gender- or age-specific portion sizes
or predetermined sizes, such as a fruit, are used(17). Before
1996, a longer version of the FFQ was used, with questions
on 84 foods. The longer version of the FFQ has been vali-
dated against ten repeated 24-h recalls among 246 study par-
ticipants(19). The validation study showed that the FFQ
captures a relatively higher intake of dairy products, bread,
cereals, vegetables, fruit, rice, potatoes, and pasta, and a rel-
atively lower intake of meat, fish, sweets, and alcohol, than
the 24-h recalls. Spearman’s correlation coefficients between
the two methods ranged from 0·15 to 0·69 for different food
groups, which is in linewith other similar prospective cohort
studies using FFQ to measure dietary intake(19).

Sample selection
For the current paper, only participants who had com-
pleted the short version of the FFQwere included, i.e. from
1996 to 2016. Participants were excluded if the food intake
level was below the first percentile or over the 99th percen-
tile calculated separately for women and men, and if data
on body weight were missing. Food intake level was calcu-
lated as the estimated total energy intake divided by basal
metabolic rate according to Schofield’s equation(20).
Furthermore, if more than 10 % of the answers from the
FFQwere missing, and/or if any of the three questions indi-
cating portion size were not filled out, individuals were
excluded. Finally, individuals under the age of 29 and over
65 years, and with a height of less than 130 cm or above
210 cm, a body weight less than 35 kg, or BMI below
15·0 kg/m2 were also excluded, in line with previous pub-
lications from the VIP study.

Estimation of dietary climate impact
Estimations of GHGE from diet were made for all food items
in the FFQ. All 64 foods were categorized into ten main food
groups; fats; cereals, rice and potato; fruit and berries; veg-
etables; dairy products; meat; poultry; fish; sugar-containing
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foods and snacks, and beverages. As GHGE varied within
these groups, the tenmain food groupswere further divided
into 53 subgroups. Life cycle analysis data from scientific
publications and compilations, as well as from the climate
database from the Research Institutes of Sweden(8,21–32),
were used to estimate GHGE for all subgroups of foods,
see Supplemental Table S1. To capture variations in
GHGE within a subgroup, emission values were for some
subgroups based on consumption weighted averages
reflecting differences in emission values due to type of food
(e.g. between beef, lamb, pork, and game in the subgroup
‘Meat’), and production method (e.g. between land-based
production, unheated, and heated greenhouse production
in the subgroup ‘Tomatoes and cucumbers’); this is further
explained in the Supplementary Material.

Carbon dioxide equivalents (CO2e) were used to indi-
cate GHGE of various foods, with the functional unit kg
CO2e/kg edible food product. For foods consumed in pre-
pared form (e.g. pasta, beans, meat), the functional unit
refers to cooked weight. Emissions caused by producing
food that is wasted throughout the life cycle, including con-
sumer waste (e.g. food wasted at home or restaurant), are
included in the overall estimation of the climate impact of
food. Hence, the GHGE values represent the climate
impact from the production of 1 kg of food reaching the
consumer, including the food wasted along the food chain.
The system limits used were primary production (including
production of inputs such as, for example, fertilizers and
fuels) up to and including the retail phase. Emissions after
retail phase such as consumer transportation, storing, cook-
ing, and waste management (e.g. collection, sorting, incin-
eration, recycling) were not included, nor were emissions
related to land-use change. If the life cycle analysis data did
not include the same system boundaries, standard emis-
sions were added for different stages in the food system(22).
Calculations were based on global warming potential
factors from the fourth assessment report by the
Intergovernmental Panel on Climate Change (IPCC) from
2007(33). However, for animal-based foods and rice,
updated global warming potential factors for methane from
the fifth assessment report (IPCC, 2014) were used(1). After
the GHGE for all individual foods included in the FFQ had
been estimated, the total GHGE from diet were calculated
for all study participants, expressed in kg CO2e/day.

Non-dietary variables
The background and sociodemographic variables examined
in relation to climate impact of foodwere: age, BMI, physical
activity, marital status, level of education, smoking, and
residence. Information about these variables was collected
during the standardized medical examination and through
the comprehensive questionnaire on diet and lifestyle.
BMI was examined both as a continuous and categorical
variable and was calculated as:

weight kgð Þ
height � height mð Þ

Physical activity was measured using the Cambridge
index of physical activity, which is a validated index based
on questions regarding physical activity during working
hours and free time, respectively(34). For participants with
a missing value for any of the two questions, this was
replaced with the lowest intensity level for that variable.
The four categories used for analysis were inactive, moder-
ately inactive, moderately active, and active. For marital
status the four categories used for analysis were unmarried,
married/cohabitant, divorced/separated, and widow/
widower. Smoking status was originally divided into five cat-
egories; smoker; ex-smoker; non-smoker; smokes some-
times, and smoked sometimes in the past. For the current
analysis the five categories were merged into three catego-
ries; currently smoking; has smoked, and does not smoke.
Furthermore, the variable residence consisted of urban and
rural areas. If the study participants lived in the three most
populous cities Umeå, Skellefteå or Lycksele, this was cat-
egorized as urban area, whereas smaller cities and the
countryside were referred to as a rural area. For level of edu-
cation three categories were used for the analysis: basic level
of 9 years, high school, and university. The category ‘basic
level of 9 years’ was created by merging two categories in
the original variable: one reflecting current educational sys-
tem and one reflecting an older educational system.

Statistical analysis
Both energy-adjusted and unadjusted GHGE from diet
were examined in relation to background and socio-
demographic variables. Only energy-adjusted results are
presented as similar results were found for both analyses;
however, differences that did emerge are mentioned in the
results section. The total climate impact of diet was energy-
adjusted by using the following equation:

kgCO2e=day

kJ=day

� �
� 4184

Normally distributed variables are presented using
mean and SD. Non-normally distributed variables are
presented using median and the first and third quartiles.
Women and men were ranked and divided into
quintiles based on their overall GHGE from diet. Thus,
quintile one represents women and men with the lowest
GHGE from diet, and quintile five represents women and
men with the highest GHGE. Differences in background
and sociodemographic variables between quintiles one
and five were examined using Mann-Whitney U test
for non-normally distributed variables, and Student
t-test for normally distributed variables. For categorical
variables, chi-square tests were used.
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Type III tests based on the General Linear Model pro-
cedure were used to evaluate associations between back-
ground and sociodemographic variables and GHGE from
diet, given all covariates in the model. The variables evalu-
ated in the model were age, BMI, physical activity, marital
status, level of education, smoking, and residence. All var-
iables were added to the model as categorical variables
except for age and BMI, which were examined as continu-
ous variables. GHGE from diet was log transformed to cor-
rect for skewness before being entered into the model. All
analyses were stratified on gender. For statistical analyses,
SPSS Version 24 (IBM SPSS Statistics) was used. Statistical
significance was set to P< 0·05.

Results

Study participants
In total, 49 710 women and 48 644 men were included in
VIP during 1996–2016. After exclusion based on previously
mentioned exclusion criteria related to food intake level,

age, height, weight, and BMI, 46 893 women and 45 766
men remained. The age range for women was 29–65 years,
and 29–63 years for men. Among women, 38 % reported to
have attained a university degree, and mean BMI was
25·8 kg/m2. The corresponding numbers for men were
38 % and 26·8 kg/m2, respectively. Background informa-
tion for the included participants can be found in Table 1.

Background and sociodemographic variables
related to energy-adjusted GHGE from diet
Importantly, as seen in Table 2,menwith the highest GHGE
fromdiet, represented in quintile five, were characterized by
being younger, having a higher BMI, higher educational
level, and by livingmore often in urban compared with rural
areas than men with the lowest GHGE from diet, repre-
sented in quintile one, all P< 0·001. For example, men in
quintile five had a median age of 40·3 years compared with
50·3 years among men in quintile one. Similarly, women
with the highest GHGE (quintile five) were younger, had
higher BMI, were married/cohabitant more often, had
higher educational level, and lived more often in urban

Table 1 Background and sociodemographic characteristics of individuals participating in the Västerbotten
Intervention Programme during 1996–2016 (n 92 659)

Variable

Women (n 46 893) Men (n 45 766)

Mean, median
or %

SD or 1st;
3rd quartile

Mean, median
or %

SD or 1st;
3rd quartile

Age* (y) 49·9 40·1; 59·6 49·9 40·1; 59·6
Weight†,‡ (kg) 70·6 13·6 85·8 13·8
Height†, ‡ (cm) 165·2 6·1 178·9 6·7
BMI†,‡ (kg/m2) 25·8 4·8 26·8 3·9
Underweight, <18·5 (%) 1·1 – 0·3 –
Normal, 18·5–25·0 (%) 50·2 – 34·2 –
Overweight, 25·0–30·0 (%) 31·8 – 48·5 –
Obese, >30·0 (%) 16·9 – 17·0 –

Physical activity§ (%)
Inactive 17·5 – 18·1 –
Moderately inactive 29·0 – 28·3 –
Moderately active 27·1 – 29·0 –
Active 26·0 24·2

Marital status§ (%)
Unmarried 7·5 – 13·0 –
Married/cohabitant 80·5 – 78·7 –
Divorced/separated 9·1 – 7·0 –
Widow/widower 2·2 – 0·6 –

Level of education§ (%)
Basic level, 9 years 28·9 – 34·3 –
High school 33·0 – 38·4 –
University 37·6 – 26·8 –

Smoking§ (%)
Currently smoking 17·8 – 16·2 –
Have smoked 30·8 – 30·5 –
Do not smoke 50·7 – 51·8 –

Residence§ (%)
Urban area 74·3 – 73·2 –
Rural area 24·7 – 25·8 –

Energy intake†,‡ (kJ/day) 6067 1799 8075 2552
Climate impact from diet* (kg CO2e/day) 2·9 2·3; 3·5 3·6 2·9; 4·5

*Presented using median and first; third quartiles.
†Presented using mean and SD.
‡Adjusted for age and year of study participation.
§Missing values for; physical activity, n 352 (women n 206, men n 146); marital status, n 610 (women n 313, men n 297); level of education,
n 490 (women n 288, men n 202); smoking, n 1013 (women n 349, men n 664); residence, n 931 (women n 471, men n 460).
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compared with rural areas than women with the lowest
GHGE (quintile one), all <0·001 (Table 3). As an example,
women in quintile five had a mean BMI of 26·6 kg/m2 com-
pared with 25·2 kg/m2 among women in quintile one.

Association among individual characteristics and
energy-adjusted GHGE from diet
Among men, age (P< 0·001), BMI (P< 0·001), physical
activity (P= 0·018), marital status (P< 0·001), educational
level (P< 0·001), smoking (P< 0·001), and residence
(P < 0·001) were all associated with GHGE from diet
(Table 4), and together explained 10·0 % of the variation
in energy-adjusted GHGE from diet. Among these varia-
bles, age, BMI, and level of education explained the most
variation in GHGE from diet (range 0.3–5.7 %, Table 4).
Among women, age (P< 0·001), BMI (P< 0·001), physical
activity (P< 0·001), marital status (P= 0·008), educational
level (P< 0·001), smoking (P< 0·001), and residence

(P< 0·001) were all associated with GHGE from diet (see
Table 5), and together explained 2.6 % of the variation in
energy-adjusted GHGE from diet. Among these, BMI,
age, level of education, and residence explained the most
variation in GHGE from diet (range 0·3–1·5 %, Table 5).

Unadjusted GHGE from diet
In general, similar results were found for both energy-
adjusted and unadjusted GHGE, except for BMI, residence,
and physical activity. For BMI and residence, differences
between individuals in quintiles one and five faded when
unadjusted GHGE from diet were used compared with
energy-adjusted value, such that the statistical significance
for residence disappeared. For physical activity, the
differences between quintiles became more distinguished,
with quintile five having a higher physical activity level than
quintile one when unadjusted GHGE from diet were used
compared with energy-adjusted GHGE (data not shown).

Table 2 Background and sociodemographic characteristics for men in quintiles one and five based on energy-adjusted greenhouse gas
emissions from diet within the Västerbotten Intervention Programme (n 18 306)

Variable

Quintile one (n 9153) Quintile five (n 9152)

Mean,
median or %

SD or 1st;
3rd quartile

Mean,
median or %

SD or 1st;
3rd quartile P-value

Age* (y) 50·3 40·7; 60·0 40·3 40·0; 50·1 <0·001§
Weight† (kg) 83·0 12·9 89·1 14·8 <0·001||
BMI† (kg/m2) 26·2 3·7 27·7 4·2 <0·001||
BMI, subgroups (kg/m2) <0·001¶
Underweight, <18·5 (%) 0·4 – 0·3 –
Normal, 18·5–25·0 (%) 39·9 – 26·0 –
Overweight, 25·0–30·0 (%) 47·0 – 50·1 –
Obese, >30·0 (%) 12·8 – 23·6 –

Physical activity‡ (%) <0·001¶
Inactive 18·6 – 18·6 –
Moderately inactive 29·3 – 26·4 –
Moderately active 29·2 – 28·8 –
Active 22·4 – 25·9 –

Marital status‡ (%) <0·001¶
Unmarried 14·6 – 14·7 –
Married/cohabitant 77·2 – 76·1 –
Divorced/separated 6·7 – 8·0 –
Widow/widower 0·8 – 0·5 –

Level of education‡ (%) <0·001¶
Basic level, 9 years 47·3 – 24·4 –
High school 28·4 – 45·7 –
University 23·7 – 29·5 –

Smoking‡ (%) <0·001¶
Currently smoking 16·0 – 17·8 –
Have smoked 33·8 – 27·3 –
Do not smoke 48·8 – 53·5 –

Residence‡ (%) <0·001¶
Urban area 69·8 – 76·6 –
Rural area 29·5 – 22·1 –

Energy intake† (kJ/day) 8786 2636 7531 2594 <0·001||
Climate impact from diet/4184 kJ*
(kg CO2e/day and 4184 kJ)

1·5 1·4; 1·6 2·5 2·4; 2·7 <0·001§

CO2e, carbon dioxide equivalents.
*Presented using median and first; third quartiles.
†Presented using mean and SD.
‡Missing values for; physical activity quintile one n 42, quintile five n 27; marital status quintile one n 64, quintile five n 60; level of education quintile one n 50, quintile five n 32;
smoking quintile one n 125, quintile five n 135; residence quintile one n 68, quintile five n 120.
§Estimated using Mann–Whitney U test.
||Estimated using a Student t test.
¶Estimated using chi-square test.
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Discussion

The aim of this study was to examine GHGE from diet in
relation to background and sociodemographic characteris-
tics in a population-based sample of women and men in
northern Sweden. Overall, the results demonstrate distinct
differences in age, BMI, level of education, and residence
across participants with high v. low GHGE from diet. For
both genders, participants with high GHGE from diet were
characterized by being younger, having a higher BMI,
higher educational level, and more often living in urban
areas than those with low GHGE.

The current study revealed a clear association between
age andGHGE from diet, with participants aged 35–44 years
having the highest, and participants aged 55–65 years the
lowest, GHGE from diet. In contrast to our findings, another
Swedish study recently reportedGHGE from diet to increase
with age(14). However, that study examined a younger
population within a more narrow age range (18–45 years)

compared with VIP (29–65 years), and this restrains a direct
comparison of results. In line with our results, a study from
Ireland among 1500 individuals aged 18–87 years found
that the youngest participants (aged 18–35 years) to have
the highest GHGE from diet, followed by participants
aged 36–50 years(13). However, the authors from the Irish
study stressed that differences in GHGE between socio-
demographic groups were mainly affected by differences
in quantity of food consumed, i.e. energy intake. Also, the
Irish study found that individuals with secondary education
had the highest GHGE from diet compared with individuals
with either tertiary education or below secondary educa-
tion(13). Again, the authors highlighted that this finding was
mainly influenced by differences in quantity of food con-
sumed. In the current study, energy-adjusted GHGE from
diet were therefore used in an attempt to minimize
differences in GHGE related to differences in energy intake.
Hence, a strict comparison of results between the two studies
is not possible. Still, both studies report results in the same

Table 3 Background and sociodemographic characteristics for women in quintiles one and five based on energy-adjusted greenhouse gas
emissions from diet within the Västerbotten Intervention Programme (n 18 759)

Variable

Quintile one (n 9380) Quintile five (n 9376)

Mean, median or %
SD or 1st;
3rd quartile Mean, median or %

SD or 1st;
3rd quartile P-value

Age* (y) 50·0 40·1; 59·6 40·6 40·0; 50·4 <0·001§
Weight† (kg) 68·5 13·1 73·0 14·2 <0·001||
BMI† (kg/m2) 25·2 4·6 26·6 5·0 <0·001||
BMI, subgroups (kg/m2) <0·001¶
Underweight, <18·5 (%) 1·6 – 0·7 –
Normal, 18·5–25·0 (%) 55·5 – 43·4 –
Overweight, 25·0–30·0 (%) 29·2 – 34·0 –
Obese, >30·0 (%) 13·6 – 21·9 –

Physical activity‡ (%) <0·001¶
Inactive 16·7 – 18·4 –
Moderately inactive 31·5 – 26·7 –
Moderately active 27·1 – 25·6 –
Active 24·2 – 28·9 –

Marital status‡ (%) <0·001¶
Unmarried 9·2 – 7·3 –
Married/cohabitant 77·6 – 81·1 –
Divorced/separated 10·1 – 9·1 –
Widow/widower 2·5 – 1·9 –

Level of education‡ (%) <0·001¶
Basic level, 9 years 33·0 – 21·7 –
High school 30·1 – 37·2 –
University 36·1 – 40·5 –

Smoking‡ (%) <0·001¶
Currently smoking 16·8 – 18·4 –
Have smoked 29·9 – 33·3 –
Do not smoke 52·5 – 47·4 –

Residence‡ (%) <0·001¶
Urban area 71·0 – 77·5 –
Rural area 28·0 – 21·4 –

Energy intake† (kJ/day) 6485 1883 5648 1757 <0·001||
Climate impact from diet/4184 kJ*
(kg CO2e/day and 4184 kJ)

1·6 1·5; 1·7 2·6 2·5; 2·8 <0·001§

CO2e, carbon dioxide equivalents.
*Presented using median and first; third quartiles.
†Presented using mean and SD.
‡Missing values for; physical activity quintile one n 49, quintile five n 34; marital status quintile one n 60, quintile five n 57; level of education quintile one n 68, quintile five n 60;
smoking quintile one n 68, quintile five n 83; residence quintile one n 94, quintile five n 106.
§Estimated using Mann–Whitney U test.
||Estimated using Student t test.
¶Estimated using a chi-square.
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direction, indicating that differences in energy intake do not
explain all of the variation observed. Instead, true underlying
differences in food intake patterns are likely to explain some
of the variation in GHGE from diet across age groups and
education level in this population. The finding that individ-
uals with high GHGE from diet also have higher educational
level could possibly be explained by higher income, ena-
bling higher and more frequent consumption of foods that
aremore expensive and usually generate higher GHGE such
as meat, fish, and cheese. In support of this argument, the
latest national food survey in Sweden found that individuals
with higher income (equal to or above the median income)
consume more animal products than do individuals with
lower income. The survey also showed that individuals with
lower income consume more sweets and snacks, i.e. foods
with lowGHGE(16). Furthermore, individualswith either high
school or university education were found to have the high-
est intake of cheese compared with those with lower educa-
tional level(16), which may indicate generally higher GHGE

from diet as cheese is one of the foods with the highest
GHGE per kg food product(25).

Furthermore, we found a clear positive association
between GHGE from diet and BMI. As energy-adjusted
GHGE were used, this finding cannot solely be explained
by greater energy intake among those with higher BMI.
Thus, this could indicate more climate-friendly food
choices among individuals with lower BMI compared with
those with higher BMI. Another explanation could be that
individuals with higher BMI under-report to a higher
degree(35,36). As under-reporting of food intake usually
involves specific foods considered ‘unhealthy’, such as
sweets, cakes, pastries etc. (foods associated with low
GHGE)(37), this could mean that the meat and dairy share
of the diet is overestimated, which would give falsely
higher GHGE from diet. However, when under-reporting
was examined in VIP, under-reporting men were found
to have significantly fewer intakes of meat and under-
reporting women of dairy products, in addition to sweet

Table 4 Association between energy-adjusted climate impact from diet and background and sociodemographic
characteristics for men within the Västerbotten Intervention Programme (n 45 766)*

Variable n
Median

(kg CO2e/day/4184 kJ)
1st; 3rd quartile

(kg CO2e/day/4184 kJ) R2† (%) P-value

Age (y) 5·9 <0·001
29–34 652 1·98 1·78; 2·22
35–44 19 025 2·05 1·82; 2·32
45–54 14 063 1·94 1·73; 2·20
55–65 12 026 1·79 1·58; 2·03

BMI, subgroups (kg/m2) 2·3 <0·001
Underweight, <18·5 121 1·85 1·58; 2·17
Normal, 18·5–25·0 15 740 1·90 1·68; 2·15
Overweight, 25·0–30·0 22 112 1·96 1·73; 2·23
Obese, >30·0 7793 2·03 1·79; 2·33

Physical activity 0·0 0·018
Inactive 8303 1·95 1·71; 2·23
Moderately inactive 12 964 1·93 1·71; 2·19
Moderately active 13 295 1·95 1·72; 2·22
Active 11 058 1·97 1·74; 2·24
Missing value 146 1·87 1·61; 2·14

Marital status 0·1 <0·001
Unmarried 5968 1·94 1·70; 2·25
Married/cohabitant 36 009 1·95 1·72; 2·21
Divorced/separated 3211 1·99 1·74; 2·27
Widow/widower 281 1·88 1·65; 2·16
Missing value 297 1·94 1·72; 2·26

Level of education 0·4 <0·001
Basic level, 9 years 15 709 1·86 1·64; 2·12
High school 17 567 2·00 1·78; 2·28
University 12 288 1·98 1·75; 2·25
Missing value 202 1·90 1·67; 2·15

Smoking 0·2 <0·001
Currently smoking 7424 1·96 1·72; 2·25
Have smoked 13 961 1·92 1·70; 2·19
Do not smoke 23 717 1·96 1·73; 2·23
Missing value 664 1·95 1·72; 2·23

Residence 0·3 <0·001
Urban area 33 513 1·96 1·73; 2·23
Rural area 11 793 1·91 1·69; 2·17
Missing value 460 2·01 1·77; 2·31

CO2e, carbon dioxide equivalents.
*Type III tests, based on the General Linear Model procedure, were used to evaluate associations between a priori selected variables and
GHGE from diet, given all covariates in the model. GHGE from diet were log transformed to correct for skewness. Study participants who did
not have complete information for all covariates were also used in the model.
†Adjusted.
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products, breads and ‘high-fat’ products(36), which disputes
this hypothesis. Still, the finding that the correlation between
BMI and GHGE from diet was weaker in unadjusted models
could be explained by a higher degree of under-reporting
amongst individuals with a higher BMI(35,36). Moreover, we
found a stronger association between GHGE from diet and
BMI among men compared with among women, which is
in line with similar findings from the latest national food sur-
vey in Sweden(16). The results from the current paper also
show that individuals who live in urban areas have higher
GHGE fromdiet, and consequently less climate-friendly food
choices, than have individuals who live in more rural areas.
This difference could potentially be due to that people living
in rural areas often having less access to food stores com-
paredwith people living in urban areas. Theymight therefore
do their grocery shopping more seldom, and consequently
buy fewer goods with short durability, such as meat and
dairy, which have high GHGE per kg food product(25). The
difference could also be because individuals in rural areas

have greater access to local foods and nature and therefore
hunt, fish and pick foods from the forest to a higher degree
compared with individuals living in urban areas of Skellefteå
and Umeå. However, as it is not possible to determine the
origin of meat, fish, berries etc. from the present FFQ, our
paper likely underestimates the true difference in climate
impact from diet found between urban and rural residents.

In this report, we mainly present energy-adjusted
GHGE, although differences that emerged when unad-
justed values were used are highlighted. With unadjusted
GHGE, greater emphasis is placed on quantity of foods,
allowing differences in GHGE to be explained by
differences in total energy intake. In contrast, energy-
adjusted GHGE put greater weight on quality of foods,
i.e. specific food choices. Both aspects are of importance
and relevant in order to reduce climate impact of diet.
However, it can be argued that food choices are easier to
influence through public health campaigns rather than
the amount of energy intake consumed, which often

Table 5 Association between energy-adjusted greenhouse gas emissions from diet and background and
sociodemographic characteristics for women within the Västerbotten Intervention Programme (n 46 893)*

Variable n
Median

(kg CO2e/day/4184 kJ)
1st; 3rd quartile

(kg CO2e/day/4184 kJ) R2† (%) P-value

Age (y) 0·3 <0·001
29–34 635 1·92 1·70; 2·15
35–44 19 702 2·09 1·87; 2·36
45–54 14 296 1·99 1·78; 2·23
55–65 12 260 2·03 1·82; 2·26

BMI, subgroups (kg/m2) 1·5 <0·001
Underweight, <18·5 501 1·95 1·72; 2·20
Normal, 18·5–25·0 23 540 2·02 1·80; 2·25
Overweight, 25·0–30·0 14 917 2·06 1·84; 2·32
Obese, >30·0 7935 2·10 1·87; 2·38

Physical activity 0·1 <0·001
Inactive 8193 2·06 1·83; 2·31
Moderately inactive 13 591 2·02 1·80; 2·27
Moderately active 12 703 2·04 1·82; 2·28
Active 12 200 2·06 1·84; 2·32
Missing value 206 1·97 1·79; 2·25

Marital status 0·1 0·008
Unmarried 3502 2·01 1·78; 2·28
Married/cohabitant 37 762 2·05 1·83; 2·30
Divorced/separated 4275 2·03 1·80; 2·29
Widow/widower 1041 2·02 1·80; 2·25
Missing value 313 2·03 1·82; 2·27

Level of education 0·3 <0·001
Basic level, 9 years 13 533 2·00 1·79; 2·22
High school 15 453 2·07 1·85; 2·33
University 17 619 2·05 1·83; 2·32
Missing value 288 2·03 1·78; 2·31

Smoking 0·2 <0·001
Currently smoking 8343 2·05 1·83; 2·31
Have smoked 14 438 2·06 1·83; 2·32
Do not smoke 23 763 2·03 1·82; 2·28
Missing value 349 2·06 1·82; 2·33

Residence 0·3 <0·001
Urban area 34 860 2·05 1·83; 2·31
Rural area 11 562 2·01 1·79; 2·25
Missing value 471 2·05 1·83; 2·33

CO2e, carbon dioxide equivalents.
*Type III tests, based on the General Linear Model procedure, were used to evaluate associations between a priori selected variables and
GHGE fromdiet, given all covariates in themodel. GHGE from diet was log transformed to correct for skewness. Study participants who did not
have complete information for all covariates were also used in the model.
†Adjusted.
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correlates with non-modifiable individual characteristics
such as age and gender. By examining energy-adjusted
emissions, differences in GHGE from diet that remain inde-
pendent of energy intake are more clearly displayed and
therefore highlighted in the current paper.

A major strength of this study is the large and population-
based sample, which givesmore robust results, aswell as the
coherent and standardizedmethodology used to assess food
intake since 1996, which decreases the risk of measurement
errors. Furthermore, the longer version of the FFQ has been
validated against ten repeated 24-h recalls. However, this
study also has some limitations. First, as the study is located
in northern Sweden, this may affect the external validity.
Second, the study populationmainly consisted of individuals
aged 40, 50, or 60 years; hence, the results cannot be pro-
jected to younger or older age groups. Third, the 64-item
FFQ does not capture the participants’ dietary habits in their
entirety because of the limited number of items included.
Also, to maintain consistency over the years, the FFQ has
not been updated with new foods during the time of data
collection (1996–2016). Consequently, it is likely missing
more foods consumed during the later years of data collec-
tion compared with the earlier years. Similarly, life cycle
assessment data age quickly(25) and as the data used in the
current study are based on today’s food production systems,
they might be more representative of the later years of
data collection than the earlier. Fourth, the FFQ was not
designed to capture differences in GHGE across different
foods (e.g. type of meat animals, or if the fruit was grown
domestically, imported, or imported by air), andmight there-
fore combine foods with various GHGE as one food group.
Correcting attempts were made by making assumptions
about consumption based on national consumption statis-
tics. However, we are aware that the correcting attempts
are crude as the national consumption statistics used for
all VIP intake data between 1996–2016 are from 2016 and
also do not differentiate intake by for example age group.
Fifth, the emission values used for GHGE for subgroups of
foods to a large extent reflect the average GHGE caused
by products from different sources and produced by varying
production methods; hence with different amounts of
CO2e/kg food product. Consequently, the true variation in
daily diet-related GHGE might be large between individuals
with similar reported diet (for example depending on the
proportion of meat consumption consisting of ruminant
meat). This is not critical for the results presented, but needs
to be kept in mind in the broader discussion on sustainable
food systems and the role of production systems and diets.
Sixth, the large sample sizemight have increased the number
of statistical significant findings. Finally, for future cohort
studies to be able to examine not only the health impact
of diet, but also the climate impact, dietary assessment meth-
ods need to be designed specifically for that purpose. In
depth questions about foods must be included, e.g. type
of meat, fish, and fruit/vegetables. Questions on type of pro-
duction systems (e.g. organic/conventional or wild-caught/

farmed fish) and origin (domestic, imported, or airborne-
imported products) also need to be included.

Conclusion

This study is one of the first to examine climate impact from
diet across background and sociodemographic characteris-
tics. The results show that climate impact from diet is asso-
ciated with age, BMI, residence and educational level
amongst men and women in Västerbotten, Sweden.
These results define potential target populations where
public health interventions addressing a move towards
more climate-friendly food choices and reduced climate
impact from diet could be most effective.
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