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Abstract: The present study estimated diet-related greenhouse gas emissions (GHGE) and land
use (LU) in a sample of adults, examined main dietary contributors of GHGE, and evaluated socio
demographic, lifestyle, and wellbeing factors as potential determinants of high environmental impact.
A cross-sectional design based on data collected from the European Prospective Investigation into
Cancer and Nutrition (EPIC)—Potsdam cohort (2010–2012) was used. Usual diet was assessed
using food frequency questionnaires. Diet-related GHGE and LU were calculated using a Europeanaverage lifecycle analyses-food-item database (SHARP-ID). Information on potential determinants
were collected using self-administered questionnaires. Men (n = 404) and women (n = 401) at an
average age of 66.0 ± 8.4 years were included. Dietary-related energy-adjusted GHGE in men was
6.6 ± 0.9 and in women was 7.0 ± 1.1 kg CO2 eq per 2000 kcal. LU in men was 7.8 ± 1.2 and in
women was 7.7 ± 1.2 m2 /year per 2000 kcal. Food groups contributing to most GHGE included
dairy, meat and non-alcoholic beverages. Among women, being single, having a job, being a smoker
and having higher BMI were characteristics associated with higher GHGE, whereas for men these
included being married, longer sleeping duration and higher BMI. Further studies are warranted to
provide insights into population-specific determinants of sustainable dietary choices.
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1. Introduction

iations.

Climate change has been identified as one of the biggest global health and food security
threats of the 21st century [1]. Food production is among the main contributors to the
increases in greenhouse gas emissions (GHGE) that drive global climate change [2]. In
fact, worldwide and in Europe, emissions from the food supply chain contribute to an
estimated 21–37% of total GHGE [1]. With rising urbanization, the GHGE contribution is
expected to increase as populations shift to diets higher in animal products [3,4]. As such,
a transformation to healthy diets, consisting of diverse plant-based foods and low amounts
of animal-based foods, from sustainable food systems is necessary to achieve the UN
Sustainable Development Goals [5]. Achieving this will require shifts towards sustainable
diets, an emerging direction within the field of public health nutrition. In this context, the
Food and Agriculture Organization of the United Nations (FAO) defined sustainable diets
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as those “protective and respectful of biodiversity and ecosystems, culturally acceptable,
accessible, economically fair and affordable; nutritionally adequate, safe and healthy; while
optimizing natural and human resources” [6].
In order to allow the development of policies towards transitioning to more environmentally sustainable diets, there is a need to evaluate the existing status quo of consumption
patterns and identify main contributors to high environmental footprint in various population groups. The necessary dietary changes from current diets to sustainable diets differ
greatly by region [5]. In Germany, the consumption of meat—a significant contributor
to diet-related GHGE—is especially high: 16 kg per person per year higher than the European Union average [7,8]. Under new targets, Germany aims to reduce GHGE by at
least 65% by 2030 from 1990 levels [9], and therefore the regular consumption of meat and
animal-sourced products is not compatible with climate objectives [10].
Over the years, several studies have provided estimations of diet-related environmental indicators in Germany [11–15]. Studies have used differing dietary data, including
data from National Nutrition Surveys (NNS) I and II, representative of people living in
the former Federal Republic of Western Germany (1985–1989) and the reunified country
(2006). So far, no studies have evaluated potential determinants of dietary choices in people
living in the former East Germany. Yet, these populations may be of special interest as economic changes after the reunification have influenced dietary choices and lifestyle patterns
that still remain years after [16,17], including higher obesity rates among elderly, higher
smoking rates among women, and lower participation in sports among adolescents [16,18].
We therefore aimed to estimate diet-related GHGE and land use (LU) in a population
sample of older-aged adults living in eastern Germany and to examine main dietary
contributors and socio-demographic, lifestyle, and wellbeing-related factors as potential
determinants of high environmental impact.
2. Materials and Methods
2.1. Study Population
The European Prospective Investigation into Cancer and Nutrition (EPIC) study is a
multi-center prospective cohort designed to investigate the relation between diet, lifestyle,
metabolic characteristics, and the risk of chronic diseases in 10 European countries [19]. In
the EPIC—Potsdam cohort, 27,468 participants were recruited at baseline between 1994 and
1998, mostly aged 35–65 years [20]. During 2010–2012, a subsample (N = 815) was recruited
randomly from 23,881 cohort members that were still actively participating in the follow-up.
According to a rectangular sampling scheme, equal representation of men and women,
and equal participants in each of the three categories for age at baseline (35–44 years,
45–54 years, 55–64 years) were selected. After excluding participants with missing values
of energy intake and implausible dietary intakes (women: <600 kcal or >3500 kcal; men:
<800 kcal or >4200 kcal), 805 individuals remained eligible for data analysis (see Figure 1
for flow-chart).
2.2. Data Collection
Habitual dietary intakes of 12 months prior to recruitment were assessed through validated 148-item semi-quantitative food frequency questionnaires (FFQs) [21]. Information
on socio-economic and demographic characteristics, i.e., occupation (employment status),
education, age, partner status, wellbeing-related factors, i.e., health and life satisfaction, and
lifestyle factors, i.e., smoking, physical activity, gardening, cycling, and sleeping habits were
collected with self-administered questionnaires. Weight and height measurements and the
derived body mass index (BMI) assessment were performed by trained staff according to
standardized protocol. Chronic stress was estimated from hair cortisol concentrations using
commercially available immunoassay with chemiluminescence detection (CLI) (CLIA, IBL,
Hamburg, Germany).
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Figure 1. Flow-chart of study population with exclusion criteria

2.3. Environmental Indicators
GHGE (kg CO2 equivalents) and LU (m2 /year) from food consumed for each individual were determined using attributional lifecycle analyses from a European-average
database for indicators of environmental sustainability of the diet—SHARP Indicators
Database (SHARP-ID) [22]. Food items were selected that matched the food groups obtained from the FFQ. The mean GHGE and LU were calculated per food group and
standardized to 2000 kcal daily diet. The Spearman partial correlation between GHGE and
LU adjusted for age and sex was moderate to strong [0.77 (95% CI: 0.74, 0.80); p < 0.0001];
therefore, in analyses where we evaluated determinants, GHGE from diet was used as
single outcome representative of both indicators.
2.4. Statistical Analysis
The means and standard deviations (SDs) of GHGE and LU from diet were calculated
for all study participants and according to categories by sex (men vs. women), education
status (no training or vocational training (low education) vs. university degree (high
education)), partner status (single vs. married), obesity status (BMI < 30 vs. ≥30 kg/m2 )
and age groups (<60 vs. ≥60 years).

Sustainability 2022, 14, 3854

4 of 10

To examine which food groups contributed most to environmental impact of diet, we
calculated the mean consumption of individual major food groups and estimated their
relative contribution to GHGE from diet by sex. To evaluate characteristics associated with
high GHGE from diet, we first assessed the distribution of a range of socio-demographic,
lifestyle, and wellbeing-related factors according to quartiles of GHGE. These included
employment status (unemployed or employed), education (no or vocational training,
technical college, or university degree), age, partner status (single or married), health
satisfaction (dissatisfied or satisfied), life satisfaction (dissatisfied or satisfied), smoking
(never smoker or ever smoker), physical activity duration, gardening duration, cycling
duration, and sleeping duration.
Next, we calculated the strength and direction of association of candidate determinants
using multivariable-adjusted linear regression analyses. Models were adjusted for age,
prevalent hypertension, diabetes, cancer, cardiovascular disease, and mutually adjusted
for the remaining factors under evaluation. Finally, to determine the main determinants
among a set of predefined factors we used a backward elimination linear regression analysis
(p < 0.15 as cut-off) and calculated percentages of explained variance of GHGE.
Statistical analyses were performed in SAS (v9.4, Enterprise Guide 7.1, SAS Institute
Inc., Cary, NC, USA) and R (v3.4.3, R Foundation for Statistical Computing, Vienna, Austria).
3. Results
Participants had a mean ± SD age of 66.0 ± 8.4 years and BMI of 27.5 ± 4.4 kg/m2 . In
men and women, absolute dietary-related GHGE and LU were 6.9 ± 1.8 and 5.7 ± 1.4 kg
CO2 eq and 8.2 ± 2.3 and 6.3 ± 1.8 m2 /year, respectively. Energy-adjusted GHGE in
men was 6.6 ± 0.9 kg CO2 eq per 2000 kcal and in women was 7.0 ± 1.1 kg CO2 eq
per 2000 kcal. Energy-adjusted LU in men was 7.8 ± 1.2 m2 /year per 2000 kcal and in
women was 7.7 ± 1.2 m2 /year per 2000 kcal. In subgroup analyses, GHGE and LU were
estimated in individuals with: lower vs. higher education [6.9 ± 1.0 vs. 6.7 ± 1.1 kg CO2
eq per 2000 kcal and 7.9 ± 1.2 vs. 7.7 ± 1.2 m2 /year per 2000 kcal, respectively]; single vs.
married [7.0 ± 1.1 vs. 6.8 ± 1.0 kg CO2 eq per 2000 kcal and 7.8 ± 1.07 vs. 7.7 ± 1.2 m2 /year
per 2000 kcal, respectively]; non-obese vs. obese [6.7 ± 1.0 vs. 7.1 ± 1.2 kg CO2 eq per
2000 kcal and 7.6 ± 1.1 vs. 8.1 ± 1.2 m2 /year per 2000 kcal respectively]; and in younger
vs. older participants [6.7 ± 1.1 vs. 6.8 ± 1.0 kg CO2 eq per 2000 kcal and 7.6 ± 1.1 vs.
7.8 ± 1.2 m2 /year per 2000 kcal, respectively].
Figure 2a presents the mean consumption of individual food groups and their relative
contribution to GHGE from diet in men and women. Overall, the food groups contributing
to most to GHGE included dairy, meat, and non-alcoholic beverages. Other foods that
additionally contributed to GHGE in men included alcoholic beverages and fats and oils,
whereas in women, foods included grains, sugar and confectionary, fruit and vegetables.
Figure 2b shows the proportion of GHGE from animal and plant-based foods in men and
women. Intake of animal-based foods including meat, fish, dairy, and eggs contributed to
63% of GHGE from major food groups in men and 57% of GHGE from major food groups
in women.
Table 1 presents the distribution of evaluated socio-demographic, lifestyle, and wellbeingrelated factors according to quartiles of GHGE. GHGE ranged from mean (SD) of 5.6 (0.5) kg
CO2 eq per 2000 kcal in the lowest quartile to 8.2 (0.7) kg CO2 eq per 2000 kcal in the highest
quartile. These analyses revealed a trend of increasing GHGE with being female, being single,
being unemployed, being lower educated, being a smoker, having a longer sleeping duration,
and having a higher BMI.
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Figure 2. (a) Mean consumption and associated greenhouse gas emissions (GHGE) of major food
groups in men (blue) and women (red); (b) Proportion of daily GHGE from animal and plant-based
foods in men and women.

Table 1. Socio-demographic, lifestyle, and wellbeing-related factors according to quartiles of GHGE
from diet (kg CO2 eq per 2000 kcal).

Total greenhouse gas emissions from diet [kgCO2 eq
per 2000 kcal], mean (SD)

Quartile 1

Quartile 2

Quartile 3

Quartile 4

n = 202

n = 200

n = 202

n = 201

5.6 (0.5)

6.4 (0.2)

7.0 (0.2)

8.2 (0.7)

Socio-demographic factors
Age

Age [years], mean (SD)

64.9 (8.2)

66.0 (8.2)

66.8 (8.3)

66.1 (8.4)

Sex

Female, n (%)

79 (39.1)

85 (42.5)

109 (54.0)

128 (63.7)

Partner status

Single, n (%)

33 (16.3)

31 (15.5)

43 (21.3)

56 (27.9)

Employment

Unemployed, n (%)

117 (57.9)

124 (62.0)

137 (67.8)

126 (62.7)

Education

University degree, n (%)

103 (51.0)

87 (43.5)

81 (40.1)

86 (42.8)

13 (6.5)

21 (10.4)

26 (12.9)

Lifestyle factors
Smoking

Current smoker, n (%)

23 (11.4)

Past smoker, n (%)

89 (44.1)

82 (41.0)

88 (43.6)

86 (42.8)

Non-smoker, n (%)

90 (44.5)

105 (52.5)

93 (46.0)

89 (44.3)

Sleep

Sleeping duration [h/24 h],
median (IQR)

7.5 (7.0, 8.2)

7.5 (7.0, 8.3)

7.6 (7.0, 8.5)

8.0 (7.0, 8.2)

Physical activity

Recreational sports [h/w],
median (IQR)

1.5 (0.0, 3.0)

2.0 (1.0, 3.3)

2.0 (1.0, 3.0)

2.0 (0.5, 3.5)

Gardening [h/w], median (IQR)

3.0 (0.5, 7.5)

3.3 (1.0, 6.0)

3.0 (0.5, 7.0)

3.0 (0.5, 6.0)

Cycling [h/w], median (IQR)

1.5 (0.0, 4.0)

2.5 (0.5, 5.0)

1.5 (0.0, 3.5)

1.5 (0.0, 4.5)

35 (17.3)

46 (23.0)

45 (22.3)

64 (31.8)

Obesity

BMI ≥ 30

kg/m2 ,

n (%)
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Table 1. Cont.
Quartile 1

Quartile 2

Quartile 3

Quartile 4

Wellbeing-related factors
Chronic stress

Hair cortisol [pg/mg], median (IQR)

28.7 (17.2, 43.4)

26.3 (16.2, 43.2)

27.0 (17.3, 49.5)

27.8 (16.6, 50.4)

Self-reported
wellbeing

Health satisfaction—Satisfied, n (%)

164 (81.2)

157 (78.5)

170 (84.2)

164 (81.6)

Life satisfaction—Satisfied, n (%)

149 (73.8)

142 (71.0)

149 (73.8)

137 (68.2)

Abbreviations: eq; equivalent; GHGE, greenhouse gas emissions; IQR, interquartile range; n, number; SD,
standard deviation.

Figure 3 shows results from multivariable linear regression analyses that demonstrate
the strength and direction of the association between GHGE and selected participants’
characteristics. The adjusted beta-coefficients and p-values of the associations are provided in the figure. In men and women, having a higher BMI was associated with higher
GHGE (standardized beta = 0.05 (95% CI: 0.02, 0.07) and 0.03 (0.01, 0.06) kg CO2 eq
per 2000 kcal, respectively). In women, ever having smoked was associated with higher
GHGE (0.30 (0.07, 0.53) kg CO2 eq per 2000 kcal), whereas having a partner was associated with lower GHGE (−0.34 (−0.59, −0.10) kg CO2 eq per 2000 kcal). In men, having
a partner versus being single was associated with higher GHGE (0.21 (−0.06, 0.49) kg
CO2 eq per 2000 kcal) and having a job versus being unemployed with lower GHGE
(−0.06 (−0.13, 0.01) kg CO2 eq per 2000 kcal).

Figure 3. Multivariable linear regression showing change in greenhouse gas emissions from diet per
unit-increase in selected predictor, by sex.
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Characteristics that explained most variance of GHGE from diet in women included
being single, having a job, smoking, and higher BMI (cumulative variance: 8%). In men,
selected characteristics included having a partner, longer sleeping duration, and a higher
BMI (cumulative variance: 4%).
Sensitivity analyses revealed that women were higher consumers of coffee, infused
or herbal tea, and water, which were the main contributors of GHGE from non-alcoholic
beverages (Supplementary Table S1). Especially single women consumed larger amounts
of non-alcoholic beverages, as well as dairy, fruits, and vegetables, whereas married
women consumed higher quantities of alcohol and meat (Supplementary Table S2). No
differences in marital status among women were observed according to age categories and
obesity prevalence.
All estimates are adjusted for age, prevalent hypertension, diabetes, cancer, cardiovascular disease, and mutually adjusted for the remaining factors under evaluation.
4. Discussion
In this study, we provide first insights into environmental aspects of usual food intake
in populations living in eastern Germany, and their associated determinants. In both men
and women, the main dietary contributors related to high GHGE included animal-based
foods, i.e., meat and dairy, and non-alcoholic beverages. Our results further suggested that
women and obese individuals contribute to a higher relative climate impact from diet (per
2000 kcal eaten) as compared to other groups in this population sample. Among women,
being single and smoking were additionally selected as characteristics associated with high
GHGE. Remaining socio-demographic, lifestyle, and wellbeing-related factors seemed to
be of less importance in explaining the environmental impact of diet in our study.
Among the variety of dietary factors, dairy, meat, and non-alcoholic beverages were
suggested to be the strongest drivers of daily emissions of GHG from diet. Similar results
were reported in other European populations, such as in Dutch individuals [23]. In our
study, dairy and meat contributed to approximately half of GHGE, where men consumed
higher quantities of meat and women consumed more dairy products. Another study
representative of German population aged 14–80 years similarly found that men consume a
relatively higher share of meat compared to women [12]. Among non-alcoholic beverages,
coffee and tea mainly contributed to climate footprint. Especially preparation methods of
tea from the consumer (i.e., using tea bags instead of loose tea or boiling more water than
needed) seem to contribute to higher GHGE [24]. This finding is important to highlight,
as promoting sustainable diets should not focus solely on reducing animal-based foods.
Plant-based dietary aspects that significantly contribute to environmental impact should
nevertheless also be considered.
Women with unfavorable lifestyle characteristics, i.e., smoking, obesity, and reduced
life satisfaction, consumed diets that were less climate-friendly. Smoking and obesity
are associated [25], and reduced ‘subjective wellbeing’ (life satisfaction) may rival these
characteristics. It has also been found that people with higher BMI consume more animalbased foods including meat [26], which indeed was also the case in our population. This
hypothesis has been confirmed in other studies as well [27,28]. Among participants with
obesity, the underreporting of unhealthy foods with low GHGE (fats, sugars) [29], or
overreporting of foods with high GHGE (meat, dairy) may further explain this finding. Of
course, also higher food intake per se is related to higher environmental footprint, though
we focused on comparing the quality of diets among different participant characteristics
instead of quantity. Moreover, among women, being single was associated with higher
GHGE compared to being married. Women had a higher prevalence of being single (27.7%)
compared to men (12.8%). Different food consumption patterns, including higher intakes
of dairy foods and non-alcoholic beverages among singles may explain this difference.
This study has several limitations. First, selection bias may influence the generalizability of this study, as EPIC-Potsdam data is not a representative sample of people living in
eastern parts of Germany. Participants that volunteered were motivated, likely to be health
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conscious, and highly educated (>40% had a university degree). In addition, the calculation
methods for estimating environmental impact were based on a European-average (SHARPID) obtained from various LCA studies conducted in differing years, and not Germany in
particular. Diet-related GHGE values obtained from different LCA calculation methods
must be interpreted with caution, however, major food contributors are still expected to be
comparable among different methods [30]. The environmental indicators were limited to
GHGE and LU, yet there are other important indicators that contribute to sustainability
of diet. These may include water use, eutrophication, acidification or biodiversity loss
indicators [31].
5. Conclusions
The present study is the first to describe several characteristics associated with climate
impact of diet in men and women living in eastern Germany. The results suggested that
the quality of diet in women and obese individuals may be less environmentally friendly
in this population sample. Further larger-scale studies covering multiple and diverse
populations with high environmental footprint are warranted to provide further insights
into transforming to sustainable diets. Ultimately, such studies may guide the development
of strategies to promote sustainable food choices adapted to regional conditions.
Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su14073854/s1, Table S1: Sources of non-alcoholic beverages as
contributors to greenhouse gas emissions in women and men; Table S2: Food consumption trends,
and age and obesity characteristics among women that are single and married.
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