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Abstract: Food consumption patterns affect the environment as well as public health, and monitoring is
needed. The aim of this study was to evaluate the Dutch food consumption patterns for environmental
(greenhouse gas (GHG) emissions and blue water use) and health aspects (Dutch Healthy Diet index
2015), according to age, gender, and consumption moments. Food consumption data for 4313 Dutch
participants aged 1 to 79 years were assessed in 2012 to 2016, by two non-consecutive 24-h recalls.
The environmental impact of foods was quantified using a life cycle assessment for, e.g., indicators of
GHG emissions and blue water use. The healthiness of diet, operationalized by the Dutch Healthy Diet
index 2015, was assessed for 2078 adults aged ≥19 years. The average daily diet in the Netherlands
was associated with 5.0 ± 2.0 kg CO2-equivalents of GHG emissions and 0.14 ± 0.08 m3 of blue water
use. Meat, dairy and non-alcoholic beverages contributed most to GHG emissions, and non-alcoholic
beverages, fruits, and meat to blue water use. More healthy diets were associated with a lower
GHG emission and higher blue water use. Different associations of environmental indicators (GHG
emissions and blue water use) with health aspects of diets need to be considered when aligning diets
for health and sustainability.

Keywords: food consumption; environmental impact; life cycle assessment; diet quality; greenhouse
gas emission; blue water use

1. Introduction

The effect of diet on health and the environment has led to growing concerns [1,2] and should be
addressed globally as well as on national and regional levels [3,4]. The link between diet and human
health is well established while the link between diet and a sustainable food system is less known
but of major importance [1]. A growing body of evidence shows the impact current western dietary
patterns and global food production systems have on our environment [5].

The production and consumption of foods is responsible for 30% of total greenhouse gas (GHG)
emissions [6]. Moreover, it is a major determinant of biodiversity loss, land use [7], and freshwater
use [8]. Blue (surface water and ground water) and green (soil moisture) water resources are considered
scarce due to human activities [9,10]. Agriculture consumes the largest amount of water and is
responsible for 70% of global freshwater withdrawal [10]. Changes in our food system need to be
made, aiming to reduce the impact on planetary boundaries (climate change, biodiversity loss) while
optimizing nutritional quality of diets (taking into account the population growth and “expansion” of
nutritional-related chronic diseases) [1,11].
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Numerous studies have been conducted in recent years to assess the environmental impact
of diets [12,13]. Earlier research has highlighted the positive associations between animal-based
foods (meat and dairy), beverages and GHG emissions [5,12,14–16]. Moreover, positive associations
between energy intake and GHG emissions were identified [17]. In contrast, lower emissions were
found for plant-based food such as vegetables, legumes, and fruits [18,19]. Those studies most often
operationalized environmental impact of diets via climate change, however associations between diet
and other indicators, e.g., blue water use, are less known.

Next to associations between environmental impact and diet, the health aspects of diets need
to be considered as well. Methods to quantitatively assess dietary quality or adherence to (county
specific) dietary guidelines are widely used. The knowledge, however, of how those can be applied
within a sustainable food system is still limited. Previous studies have investigated the environmental
impact of healthy and sustainable diets, however most were often assessed by GHG emissions [12].
Associations between blue water use of diets and health are not yet assessed in detail. A systematic
review and meta-analysis of Harris et al., (2019) shows that shifting towards a healthier diet, and by
reducing animal-based foods, the water footprint decreases, however evidence is not clear for the blue
water footprint [20]. In healthy patterns, fruits, nuts, and vegetables contributed most to water use [20].

Food consumption patterns and consumption moments differ according to gender, age, and other
factors such as lifestyle factors and socio-economic factors [21]. Insights about different environmental
impact indicators of food consumption by e.g., gender, age, and consumption moments are needed
and can help to develop useful interventions, food policy, and dietary guidelines towards a more
sustainable and healthy food consumption pattern.

Therefore, the aim of this study was to evaluate the Dutch food consumption patterns for
greenhouse gas emission and blue water use according to age and gender, food groups, and consumption
moments, and the association with healthiness of diets according to the Dutch Healthy Diet index 2015.

2. Materials and Methods

2.1. Study Population

Data for this present analysis were obtained from the Dutch National Food Consumption Survey
(DNFCS) 2012–2016 [21]. The survey aimed to gain insight into diets of children and adults living
in the Netherlands. Dutch children and adults aged 1–79 years were drawn from a representative
consumer panel. The response rate was 65%. Pregnant and lactating women and people who were
institutionalized or those without adequate command of the Dutch language were excluded. For
the current cross-sectional study, the target population for analysis comprised 4313 Dutch children
and adults aged 1–79 years of which 1192 boys and girls aged 1–8 years, 1043 boys and girls aged
9–18 years, 1043 men and 1035 women, both aged 19–79 years. A full explanation and description of
this survey is described elsewhere [21].

2.2. General Questionnaire

Participants were asked to fill in an age dependent general questionnaire, which covered questions
about various background factors, such as educational level, working status and family composition,
and various lifestyle factors such as patterns of physical activity, smoking, and use of alcoholic
beverages. The educational level concerned the highest completed educational level of the participants
or, in case of participants under the age of 19 years, of the head of household. Educational level was
categorized as low (primary education, lower vocational education, advanced elementary education),
moderate (intermediate vocational education, higher secondary education) and high (higher vocational
education and university). Information on region and degree of urbanization was provided by the
market research agency. Region was categorized as North, East, South, and West. The degree of
urbanization was divided into high urbanized (1500 or more addresses/km2), moderately urbanized
(1000–1500 addresses/km2) and hardly or not urbanized (fewer than 1000 addresses/km2).
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Information on body composition was gathered in different ways depending on age. Height was
not measured for adults aged 71–79 y due to practical reasons. Body Mass Index (BMI) was calculated
as the average body weight (in kg) divided by average height (in m) squared (kg/m2). Categories for
BMI were underweight (<20), normal weight (20–25), overweight (>25–30), and obese (>30).

2.3. Description of Study Population

Reported population descriptives were weighted for demographic properties, season, and
combination of both consumption days (week or weekend). Among 2235 Dutch children aged
1–18 years, fifty percent were boys (Supplementary Table S1). Mean age was 5 ± 1 years (mean ± SD)
and 13 ± 2 years (mean ± SD) for children aged 1–8 years and 9–18 years, respectively. Most children
aged 1–8 years (82%) and 9–18 years (72%) had a normal weight. Both caregivers were higher educated
for 61% and 45% of 1–8 and 9–18 year-old children. Almost half of the children lived in the Western
part of the Netherlands and most of them lived in extremely or strongly urbanized areas.

Of the 2078 adults aged 19–79 years, 50% was male (Supplementary Table S1). Mean age was 48 ±
21 years (mean ± SD) for men and 48 ± 21 years (mean ± SD) for women. Respectively, 34% and 33%
of the men and women (19–70 years; because for adults >70 years, height was not measured so BMI
could not be calculated) had a normal weight and 40% of the adults (19–70 years) were overweight or
obese. About 20% of the adults smoked. The percentage of higher education was higher in men (38%)
than in women (28%). More than 40% of the adults lived in the western part of the Netherlands and
almost half of the adults lived in strongly urbanized areas.

2.4. Dietary Assessment

Participants were interviewed by telephone or face-to-face by a trained dietitian to assess
dietary intake based on two non-consecutive 24-h dietary recalls. The period between the two 24-h
dietary recalls was about four weeks. Interview dieticians used the GloboDiet system, which is
computer-controlled interview software that enables answers to be directly entered in a computer [22].

Food consumption data were linked to food composition data derived from the Dutch Food
Composition Database in order to calculate energy and nutrients (NEVO-online version 2016/5.0) [23].
Originally, food consumption data were categorized according to 23 GloboDiet food groups [22] and
were adapted into 16 main groups for analysis or were stratified (e.g., cheese was excluded from
dairy because its important role in determining environmental impact) (Supplementary Table S2).
Aggregated food groups were used to determine important groups during the consumption moments
of breakfast, lunch, dinner, and in between meals (Supplementary Table S2).

2.5. Environmental Impact Assessment

To calculate the environmental impact throughout the life cycle of foods and beverages, the life cycle
assessment (LCA) approach was applied. The LCAs had an attributional approach and hierarchical
perspective and were performed following the ISO 14040 and 14044 guidelines. A time horizon of 100
years was used and GHG emissions were recalculated following IPCC-guidelines (2006) [24]. Blue
water use, indicating the total amount of water sourced from surface or groundwater resources and that
is evaporated, incorporated into products, transferred to other watersheds, or disposed into the sea was
calculated based on Mekonnen and Hoekstra (2011) [25]. Life cycle inventories (LCI) representative of
the Dutch situation were delivered by Blonk Consultants (Gouda, the Netherlands) for 242 foods and
beverages, and are referred to as primary data [26]. These foods were selected based on frequency of
consumption in the DNFCS and variation in types of food. The National Institute for Public Health and
the Environment (RIVM) performed the life cycle impact assessment (LCIA) using ReCiPe-2016 [27]
and SimaPro software (version 8.52) (PRe Consultancy B.V., Amersfoort, The Netherlands).

The functional unit used was 1 kg of prepared food at plate or drink. All life cycle stages from
cradle till plate were included in the analyses, including phases from primary production, processing,
primary packaging, distribution, retail, supermarket, storage, preparation by the consumer (e.g.,
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cooking), and incineration of packaging waste. Transport between all phases, except from retail to
the consumer was included. Food waste was included by using food group specific percentages for
avoidable and unavoidable food losses throughout the food chain. Land use change was included as
direct land use change [28]. Disinfectants in the processing phase, refrigerant use and losses, secondary
and tertiary packaging materials, and surface albedo change were not included. Economic allocation
was applied when production processes lead to more than one food product, except for milk, where
physical allocation was used. The following midpoint indicators for environmental impact were
incorporated: land use (m2 * year), blue water use (m3), greenhouse gas (GHG) emission (kg CO2-eq),
acidification (kg SO2-eq), fresh water eutrophication (kg P-eq), and marine eutrophication (kg N-eq).

Primary LCA data was available for 242 foods covering 71% of all foods consumed in the DNFCS.
The environmental impact of foods and beverages for which primary data were not available but that
were consumed in the DNFCS 2012–2016 [23] were estimated using extrapolations from the primary
data. These extrapolations were carried out by expert judgement of a panel of (nutritional) scientists
(I.B.T, M.v.d.K, S.B, R.E.V) and were based on similarities in types of food, production systems and
ingredient composition. For composite dishes, standardized recipes from the Dutch Food composition
table (NEVO-online version 2016/5.0) were used where available and if not available, recipes were
based on label information [23]. The panel of scientists crosschecked all extrapolations.

2.6. Correlation Environmental Impact Indicators

Spearman rank correlation coefficients based on the 242 foods and beverages with primary LCA
data were obtained in order to examine the relationship between the indicators for environmental impact.
Significant (p < 0.0001) correlation were found between primary LCA data for GHG emission and
acidification, fresh water eutrophication, marine eutrophication and land use, ranging from 0.70–0.86
(Supplementary Table S3). Blue water use had a weak correlation with GHG emission (0.51; p < 0.0001).
Further analyses therefore focused on GHG emission and blue water use. The supplemental material
provides descriptive analyses, for all environmental indictors analyzed (Supplementary Table S6; GHG
emission, acidification, fresh water eutrophication, marine eutrophication, land use, and blue water
use).

2.7. Dutch Healthy Diet Index 2015

The Dutch Healthy Diet index 2015 (DHD15) was used to measure health aspects of diets of
Dutch adults aged 19–79 years [29]. For children aged 1–18 years, no DHD15 scores were obtained
due to different underlying nutritional guidelines for that age group. The method gives a ranking
to dietary intake based on the level of adherence to Dutch dietary guidelines for a healthy diet for
the components: vegetables, fruits, wholegrain products, legumes, nuts, dairy, fish, tea, fats and
oils, coffee, red meat, processed meat, sweetened beverages and fruit juices, alcohol and sodium [30]
(Supplementary Table S4).

Components were scored based on their type: adequacy, moderate, optimum, ratio, or quality.
Adequacy components are vegetables, fruit, legumes, nuts, fish and tea and reflect the recommendation
to consume the minimum mentioned quantity. Moderate components are red meat, processed meat,
sweetened beverages and fruit juices, alcohol and sodium and are components of which consumption
should be eaten in moderation. Fats and oils are a ratio component and reflect the ratio between
consumption of desired food products and less desired food products. The wholegrain component
is divided in two sub-components: an adequacy component for wholegrain consumption and a
ratio component to reflect replacement of refined grain products by wholegrain products. Dairy is
an optimum component, which reflects the consumption in an optimal range. Coffee is a quality
component and scoring was based on quality, which was filtered or unfiltered coffee. However, the
consumption data used in this study did not distinguish between filtered or unfiltered coffee and
therefore the component coffee was excluded.
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For all components average food consumption was determined over two days (Supplementary
Table S5) and a score of 0 to 10 points was allotted based on type of component. Intakes between
minimum and maximum values were scored proportionally. All components had a similar weight and
were summed up for the overall DHD15 score. This resulted in a range of 0 to 140 points, whereby
0 points indicated minimal adherence and 140 points indicated maximal adherence to the Dutch dietary
guidelines for a healthy diet in 2015.

2.8. Statistical Analysis

Daily means over two consumption days were calculated for each participant in order to investigate
food consumption, GHG emissions, blue water use, DHD15 scores and associations. Participants were
categorized into children aged 1–8 years, children aged 9–18 years, men aged 19–79 years, and women
aged 19–79 years to explore differences according to age and gender. Sixteen main food groups were
used to identify important food groups and four different consumption moments with nine aggregated
food groups were used to determine important consumption moments (Supplementary Table S2).

Descriptive statistics are displayed for the entire population as well as stratified for gender
and age. Numbers are displayed as mean (standard deviation (SD)) or number (proportion) where
appropriate. Reported values were weighted for demographic properties, season, and combination of
both consumption days (week or weekend).

Multiple regression models were applied to investigate associations between total DHD15 scores,
individual DHD15 components, GHG emissions, and blue water use. GHG emissions and blue water
use were the dependent variables in the models. The variables age (continuous), sex (male, female),
and energy intake (kcal, continuous) were included in the models. Regression coefficients (β) and
p-values obtained from the regression model were used to determine associations between DHD15
component and GHG emissions and blue water use. The statistical analysis was performed using SAS
software, version 9.4 (SAS Institute Inc., Cary, NC, USA). A two sided p-value of < 0.05 was considered
as statistically significant.

3. Results

3.1. Nutritional and Environmental Aspects

Nutritional aspects and GHG emissions in kg CO2-eq and blue water use in m3 per person per
day of diets were assessed for the total population and for children aged 1–8 years, children aged
9–18 years, men and women (Table 1). The Dutch population consumed on average 3.1 kg of food per
day of which 1.8 kg was (non-alcoholic and alcoholic) beverages (Table 1). Mean protein intake was
79 g/d, and varied between 60 and 103 g/d (25th and 75th percentile). Current consumption patterns
provided around 62% of the protein intake from animal-based foods.

Table 1. Daily mean (standard deviation) nutritional (in grams per day) and environmental aspects
(per day) for total population and for children aged 1–8 years, children aged 9–18 years, men and
women aged 19–79 years derived from the Dutch National Food Consumption Survey 2012–2016. a.

Total Population
(n = 4313)

Children, 1–8 y
(n = 1192)

Children, 9–18 y
(n = 1043)

Men, 19–79 y
(n = 1043)

Women, 19–79 y
(n = 1035)

Mean SD Mean SD Mean SD Mean SD Mean SD

Nutritional aspects
Quantity 3053 989 1682 228 2393 440 3427 1161 3192 1127
Energy 2126 717 1495 222 2120 423 2543 954 1860 656

Carbohydrates 236 84 201 30 266 53 270 117 202 84
Fat 84 36 52 11 81 21 102 50 75 34

Protein 79 28 48 8 69 17 95 36 72 26
Animal protein 48 22 28 7 41 14 58 30 45 24

Vegetable protein 30 12 20 4 29 7 37 17 27 13
Fiber 20 7 14 2 18 4 23 10 18 9
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Table 1. Cont.

Total Population
(n = 4313)

Children, 1–8 y
(n = 1192)

Children, 9–18 y
(n = 1043)

Men, 19–79 y
(n = 1043)

Women, 19–79 y
(n = 1035)

Mean SD Mean SD Mean SD Mean SD Mean SD

Environmental impact
Greenhouse gas emission

(kg CO2-eq) 4.96 1.99 2.95 0.68 4.36 1.17 5.98 2.60 4.58 2.02

Blue water use (m3) 0.14 0.08 0.07 0.02 0.10 0.04 0.16 0.11 0.15 0.11

SD, standard deviation; CO2-eq, carbon dioxide equivalents. a reported values weighted for demographic properties,
season, and combination of both consumption days.

3.2. Food Consumption Acording to Age and Gender

In older children (9–18 years), consumption of meat (+41 g/day) and sugary and savory
discretionary foods was higher, compared with younger children (aged 1–8 years) (Table 2).
Consumption of dairy (−50 g/day) and fruits (−42 g/day) was lower in older children. Circa half of
non-alcoholic beverages consumed by children were soft drinks with 469 and 654 mL/day for younger
and older children, respectively. Men consumed more animal-based foods, more plant-based foods
(potatoes and cereals (+93 g/day) and nuts (+6 g/day)) but lower amounts of fruits (−26 g/day) than
women. Men also drank more soft drinks (+113 mL/day), fruit- and vegetable juices (+14 mL/day)
and alcoholic beverages (+193 mL/day) but less water (−189 mL/day), coffee and tea (−112 mL/day)
compared to women.

3.3. Greenhouse Gas Emissions

The average daily GHG emission was 5.0 ± 2.0 kg CO2-eq (mean ± SD) and varied between 3.0 kg
CO2-eq for children aged 1–8 years and 6.0 kg CO2-eq for men aged 19–79 years (Table 1). For the total
population, main contributing food groups to total GHG emissions were: meat (33%); dairy (14% (of
which more than half are dairy drinks 8%)) and non-alcoholic beverages (9%). Dairy (26%) and sugary
and savory foods (9%) were more important contributing food groups for children aged 1–8 years and
children aged 9–18 years, respectively. Plant-based foods, such as vegetables (5%), fruits (3%), nuts
(2%), and legumes (0.2%) contributed less to daily GHG emissions. The majority of beverages-related
GHG emissions were from soft drinks for children (1–18 y). Emissions from coffee and tea were the
most important beverages contributing to beverages-related emissions for adults. The GHG emission
from alcoholic beverages was twice as high in men (0.27 kg CO2-eq), compared to women (0.13 kg
CO2-eq).
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Table 2. Daily means of greenhouse gas emissions in kg CO2-equivalents and blue water use in m3 by food group for total population and for children aged 1–8 years,
children aged 9–18 years, men and women aged 18–79 years, derived from the Dutch National Food Consumption Survey 2012–2016. a.

Total Population (n = 4313) Children, 1–8 y (n = 1192) Children, 9–18 y (n = 1043) Men, 19–79 y (n = 1043) Women, 19–79 y (n = 1035)

Food Group g kgCO2eq m3 g kgCO2eq m3 g kgCO2eq m3 g kgCO2eq m3 g kgCO2eq m3

Animal based foods
Meat 97 1.66 0.016 52 0.82 0.008 93 1.52 0.015 121 2.11 0.020 83 1.44 0.014

Red processed meat 43 0.69 0.006 31 0.44 0.004 45 0.69 0.006 54 0.86 0.008 36 0.58 0.005
Red unprocessed meat 32 0.74 0.007 12 0.28 0.002 27 0.61 0.005 43 0.98 0.009 28 0.65 0.006
White processed meat 5 0.04 0.001 3 0.02 0.000 6 0.05 0.001 5 0.04 0.001 5 0.04 0.001

White unprocessed meat 17 0.19 0.003 6 0.07 0.001 15 0.18 0.002 20 0.23 0.003 16 0.18 0.003
Dairy 310 0.70 0.006 368 0.78 0.007 318 0.72 0.006 328 0.74 0.006 276 0.64 0.006

Dairy drinks 201 0.41 0.003 282 0.57 0.005 227 0.48 0.004 211 0.42 0.003 164 0.33 0.003
Cheese 33 0.38 0.003 15 0.17 0.001 22 0.25 0.002 40 0.47 0.004 33 0.38 0.003

Fish 16 0.13 0.001 6 0.05 0.000 7 0.06 0.001 19 0.16 0.001 18 0.15 0.001
Eggs 13 0.05 0.001 7 0.03 0.001 10 0.04 0.001 15 0.07 0.002 12 0.05 0.001

Plant-based foods
Potatoes and cereals 266 0.40 0.010 178 0.26 0.006 267 0.44 0.009 323 0.48 0.012 230 0.35 0.009

Vegetables 131 0.23 0.010 66 0.12 0.005 89 0.16 0.007 142 0.25 0.011 147 0.25 0.012
Fruits (and olives) 120 0.15 0.020 138 0.16 0.017 94 0.12 0.013 108 0.13 0.017 134 0.19 0.025

Nuts and seeds 10 0.12 0.008 5 0.04 0.002 7 0.09 0.003 14 0.15 0.010 8 0.11 0.010
Legumes 5 0.01 0.000 2 0.00 0.000 3 0.01 0.000 5 0.01 0.000 5 0.01 0.000

Beverages
Non-alcoholic beverages 1708 0.47 0.043 728 0.20 0.018 1261 0.39 0.031 1801 0.55 0.046 1973 0.46 0.049

Soft drinks 355 0.18 0.006 469 0.15 0.006 654 0.30 0.012 357 0.20 0.006 240 0.13 0.004
Coffee and tea 708 0.20 0.017 43 0.01 0.002 130 0.03 0.005 814 0.24 0.016 926 0.25 0.026

Fruit and vegetable juice 55 0.07 0.019 43 0.04 0.009 49 0.06 0.014 65 0.08 0.023 51 0.07 0.018
Water 589 0.02 0.001 173 0.00 0.000 428 0.01 0.001 566 0.02 0.001 755 0.02 0.001

Alcoholic beverages 139 0.16 0.005 0 0.00 0.000 28 0.02 0.000 268 0.27 0.007 75 0.13 0.005

Miscellaneous
Sweets and snacks 92 0.30 0.008 69 0.22 0.005 112 0.39 0.009 105 0.34 0.009 79 0.25 0.007

Fats and oils 22 0.11 0.009 14 0.06 0.003 19 0.09 0.005 28 0.14 0.010 19 0.10 0.009
Broth, sauces and cond. 78 0.06 0.003 23 0.04 0.001 54 0.05 0.002 96 0.09 0.004 79 0.05 0.002

Other 15 0.02 0.001 10 0.01 0.000 9 0.01 0.000 12 0.02 0.000 21 0.03 0.001

SD, standard deviation; CO2-eq, carbon dioxide equivalents a reported values weighted for demographic properties, season, and combination of both consumption days.
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3.4. Blue Water Use

Blue water use was on average 0.14 ± 0.08 m3 (mean ± SD) per person per day for the Dutch
population. Estimated blue water use was lower for younger and older children (1–18 years) compared
to adults (Table 2). Non-alcoholic beverages (31%) and fruits (14%) mainly determined daily blue
water use. Meat contributed 11% to daily water use, remaining animal-based foods contributed less,
for instance dairy (4%) and cheese (2%). Of the beverages, fruit- and vegetable juices (13%) and coffee
and tea (12%) consumption were associated with the highest use of blue water. For younger and
older children, fruit and vegetable juices and soft drinks contributed most to beverage-related blue
water use. Compared to adults, contribution from fruits was higher in children aged 1–8 years but
contribution from nuts was lower in children aged 1–18 years. Men had higher daily blue water use
from animal-based foods and plant-based foods (potatoes and cereals and nuts) compared to women.
Contribution from fruits was lower for men (11%) than for women (17%).

3.5. Consumption Moments

On average, dinner contributes 47% to daily GHG emission. At dinner, animal-based foods
(meat, fish and eggs (28%), dairy, and cheese (5%)) and potatoes and cereals (5%) contributed the most
(Figure 1a). Twenty-three percent of the daily dietary emissions were in between meals. Important
sources were non-alcoholic beverages (6%) and dairy and cheese (5%).
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Figure 1. (a) Average greenhouse gas emission in kg CO2-equivalents and (b) average blue water use in 

m3 by consumption moment of 4,313 Dutch children and adults derived from the Dutch National Food 
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Figure 1. (a) Average greenhouse gas emission in kg CO2-equivalents and (b) average blue water use
in m3 by consumption moment of 4313 Dutch children and adults derived from the Dutch National
Food Consumption Survey 2012–2016, weighted for demographic properties, season, and combination
of both consumption days.

For blue water use the most important consumption moment was in between meals (38% of
daily blue water use) (Figure 1b). Non-alcoholic beverages (16%) and vegetables, fruits and legumes
(8%) were important food groups that contributed for more than half of blue water use within the
consumption moment in between meals. Dinner contributed with 32% to daily blue water use and
during dinner, animal-based foods (meat, fish and eggs (9%)) and vegetables, fruits and legumes (7%)
were the most important sources.
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3.6. Dutch Healthy Diet Index 2015

DHD15 scores (maximum 140) showed that women had a significantly higher adherence to
DHD15 with 64 ± 24 points (mean ± SD) compared to men with 52 ± 22 points (mean ± SD) (Table 3).
On 9 out of 14 components (fruit, nuts, tea, red meat, processed meat, sweetened beverages and fruit
juices, alcohol, and sodium) women scored significantly higher compared to men. The DHD15 score
was significantly inversely (p < 0.0001) correlated with GHG emissions and significantly positively
correlated with blue water use (Figure 2a,b).

Table 3. Means (standard deviations) for Dutch Healthy Diet index 2015 scores and individual
components for 2078 men and women aged 19–79 years derived from the Dutch National Food
Consumption Survey 2012–2016. a.

Men, 19–79 y
(n = 1043)

Women, 19–79 y
(n = 1035)

Mean SD Mean SD

DHD15 score total 51.8 22.4 64.2 *** 23.6
DHD15 Components b

Red meat 4.2 5.5 6.2 *** 5.3
Processed meat 3.2 4.9 4.3 *** 5.2

Ratio dairy 4.8 4.8 5.2 4.7
Ratio fish 1.7 4.2 1.7 4.3

Ratio grains 4.7 3.8 4.6 3.9
Vegetables 6.2 3.8 6.2 4,0

Fruit 4.1 5.1 4.9 ** 5,0
Nuts 0.8 3.1 1.1 * 3.7

Legumes 0.7 3.3 0.9 3.7
Sugared beverages and fruit juices 3.7 5.4 4.7 *** 5.5

Tea 3.5 5.2 6.0 *** 5.4
Alcohol 6.7 5.4 8.3 *** 4.5
Ratio fat 2.2 4.6 2.4 4.9
Sodium 5.2 4.6 7.8 *** 3.5

SD, standard deviation; DHD15, Dutch Healthy Diet index 2015. a reported values weighted for demographic
properties, season, and combination of both consumption days. b 0 points indicates minimal adherence to dietary
guidelines, 10 points indicates maximal adherence to dietary guidelines. Level of significant difference of men and
women *** <0.0001, ** <0.01, * <0.05.

1 
 

 

  
(a) (b) 

 
Figure 2. (a) Scatterplot illustrating the relation between the Dutch Healthy Diet index 2015 score and
daily greenhouse gas emissions in kg CO2-equivalents for 2078 Dutch men and women aged 19–79 years
derived from the Dutch National Food Consumption Survey 2012–2016. (b) Scatterplot illustrating
the relation between the Dutch Healthy Diet index 2015 scores and daily blue water use in m3 for
2078 Dutch men and women aged 19–79 years derived from the Dutch National Food Consumption
Survey 2012–2016.

After adjustments for age, sex, and energy intake, DHD15 score was still significant inversely
associated with GHG emissions and positively with blue water use (Table 4). Thus, when DHD15 score
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increases with 1 point, emissions decrease with 0.011 kg CO2-eq and blue water use increases with
0.002 m3 (~2 L). To further explore adherence to individual components, the 14 individual DHD15
components were included in a similar model. Inverse significant associations were found between
GHG emissions and the components of red meat, ratio fats, ratio fats and alcohol. Implying that better
adherence to these components was associated with lower emissions. The components vegetables, fruit,
dairy, ratio fish and processed meat were significantly associated with higher emissions. No associations
were found for legumes, nuts, tea, sugared beverages, and sodium.

Table 4. Regression coefficients for adjusted Dutch healthy diet scores and individual components
and greenhouse gas emissions and blue water use for 2078 men and women derived from the Dutch
National Food Consumption Survey 2012–2016. a.

GHG Emission Blue Water Use

Model 1 DHD15 a,b β β
DHD15 score −0.011 *** 0.002 ***

Model 2 DHD15 Components a,b

Red meat −0.168 *** −0.001
Processed meat 0.020 * 0.001 *

Dairy 0.023 ** −0.001
Ratio fish 0.020 * 0.002 ***

Ratio grains −0.025 ** −0.001 **
Vegetables 0.090 *** 0.005 ***

Fruit 0.022 ** 0.004 ***
Nuts −0.001 0.008 ***

Legumes −0.015 0.001
Sugared beverages −0.000 −0.003 ***

Tea −0.003 0.004 ***
Alcohol −0.021 ** −0.002 ***

Ratio fats −0.026 ** 0.001
Sodium 0.003 0.002 **

GHG, greenhouse gas; DHD15, Dutch Healthy Diet index 2015. a models were weighted for demographic properties,
season, and combination of both consumption days. b models were adjusted for age (continuous), sex (male, female)
and energy intake (kcal continuous). Level of significance *** <0.0001, ** <0.01, * <0.05.

Significant associations for lower blue water use were found for more adherence to the components
of ratio grains, sugared beverages, and alcohol. The components of vegetables, fruit, nuts, ratio fish,
tea, processed meat and sodium were positively associated with blue water use. No associations were
found for blue water use with legumes, dairy, ratio fats, and red meat.

4. Discussion

In this study, the food consumption patterns for the Dutch population in general as well as for
children, men and women separately, were evaluated for environmental impact (GHG emissions and
blue water use) and healthiness of diet (measured with the Dutch Healthy Diet index 2015). Climate
change potential (GHG emissions) and blue water use among 4313 Dutch children and adults was
on average 5.0 ± 2.0 kg CO2-eq and 0.14 ± 0.08 m3 per person per day. Daily environmental impact
varied between children and adults. Men had overall a higher environmental impact compared to
women. Meat, dairy, non-alcoholic beverages, and the consumption moment dinner mainly determined
daily GHG emissions. Non-alcoholic beverages, fruits, and meat were main determinants of blue
water use, with main consumption in between meals. Healthier diets, as scored on the DHD15,
were associated with lower GHG emissions but higher blue water use. Better adherence to Dutch
healthy diet guidelines for red and processed meat (less consumption); vegetables (more consumption)
determined the strongest association with GHG emissions. Better adherence to Dutch guidelines for
nuts, vegetables, and fruits (more consumption) determined the association with blue water use.
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These results highlight the importance of investigating several environmental indicators in relation
to healthy diets. Most research to date was focused on associations between GHG emission and healthy
diets. This study shows that this focus on GHG emissions ignores important effects of foods and
beverages, which have opposing associations between GHG emissions, blue water use and healthy
diets. As far as we know, this is the first study investigating healthiness of diet (DHD15) in relation to
blue water use in Dutch diets. In our regression analysis, we found that better adherence to the Dutch
dietary guidelines of plant-based foods (nuts, vegetables, and fruits) significantly led to higher blue
water use. These guidelines advise to increase consumption of vegetables and fruits and to consume
moderate intakes of unsalted nuts compared to the current consumption [29]. Thus, while those foods
benefit human health, they are associated with higher blue water use. Therefore, shifting towards a
more plant-based diet may decrease GHG emissions and increase blue water use based on current
origin, production, and consumption of foods.

Our conclusions are in line with previous studies investigating daily blue water use of diets. Meier
and Christen (2013) investigated environmental impact, including blue water use, of several dietary
scenarios in a German population [31]. They found, similar to our findings, that diets associated with
increased blue water use were caused by the consumption of higher quantities of plant-based foods
such as vegetables, fruits, and nuts [31]. Moreover, Springmann et al., (2018) showed in a modelling
study that increased water use was associated with vegetable and fruit (and legume) consumption [3].
In order to stabilize and/or reduce blue water use from foods and beverages while meeting dietary
requirements, different food choices can be considered within food groups. Foods and beverages
using less blue water, such as (local) apples instead of oranges or mangoes, or hazelnuts instead of
cashew nuts, can improve health aspects of diets while limiting the increase of- or even reducing blue
water use [26]. Besides, changing from more animal-based foods to more plant-based foods can reduce
(green) water footprint [20].

A body of literature evaluating dietary GHG emissions exists, which confirm our results.
Meat, dairy (products), cheese, and beverages were shown to be major contributors to daily GHG
emissions [5,12,14–16]. In the previous Dutch National Food Consumption Survey (DNFCS) 2007–2010,
Temme et al., (2015) investigated GHG emissions in Dutch diets among a population aged 9–69 years
and showed that younger children and women had a lower GHG emissions compared to men, similar
to the current study [32]. The comparison of absolute GHG emissions of previous and current diets
according to the DNFCS is not in the scope of this study. We used updated LCA data, included more age
groups, and the current DNFCS was conducted in a different sample of the Dutch population. However,
consumed quantities of animal-based foods (meat (−8%) and dairy and cheese (−12%)), alcoholic
beverages (−19%) and sugar containing beverages decreased and plant-based foods (vegetables (+3%),
legumes (+8%) and fruits (+8%) increased [21].

In the literature there is some inconsistency concerning the association between health aspects
of diets and GHG emission [1,5,12,14,15,17,32–35]. Apart from the association between healthy diets
(DHD15) and the environmental indicators, we investigated individual DHD15 components to evaluate
the impact of underlying Dutch dietary guidelines on GHG emissions and blue water use. Biesbroek
et al., (2017) found in a Dutch cohort (EPIC-NL) that had better adherence to the Dutch dietary
guidelines, assessed with DHD15, was associated as well with lower GHG emission [33] but did not
investigate individual components of the DHD15. Studies investigating individual components of
dietary quality scores [36] were not comparable with our results due to underlying country specific
dietary guidelines [37].

This study also has some limitations that should be addressed. First, in our study the environmental
impact was estimated using primary LCA data and extrapolations. Extrapolations can affect the
results due to data uncertainty. However, primary LCA data covered 71% of consumed foods and
beverages. The remaining contribution of extrapolated LCA data was small and did not influence
the ranking of contributing foods in our study. As a result, our LCA data is more complete, which
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enables us to determine the entire daily food pattern and allows extended analyses in the future such
as scenario analyses.

Secondly, food consumption data was based on two 24-h dietary recalls following the guidelines
of the European Food and Safety Authority (EFSA) [38]. Although it is methodologically valid to
obtain food consumption data this way, misreporting, underreporting, or overreporting occurs [21].
The amount of misreporting is unknown and not corrected for in this study thus the actual environmental
impact might be influenced by misreporting. The estimation of the DHD15 score was based on the
average of two 24-h dietary recalls and not on the habitual daily intake, and therefore the actual DHD15
score might be influenced as well.

Lastly, although we found that healthier diets (DHD15) were associated with lower emissions but
higher blue water use, associations depend on the underlying method to define healthy and sustainable
diets [2]. Our results concerning the association between the environmental impact indicators and
health aspects of diets is based on DHD15, but this instrument was initially developed to assess
adherence to Dutch dietary guidelines for foods associated with health [29]. Dietary quality scores, such
as the DHD15, are suited to combine health aspects of diets and environmental impact, but choosing the
most suitable method is of major importance because it can influence the results [2]. Previous studies
showed inverse associations between food-based diet quality scores and GHG emissions [33,36,39,40],
and no clear association between nutrient-based diet quality scores and GHG emissions [13,41,42].
In our study, we used a food-based quality score to investigate the association between health aspects
of diet and GHG emissions. This food-based dietary quality score method assesses whole foods and
easily categorizes specific foods as animal-based or plant-based, which may influence the association.
Nutrient-based scores do not consider nutrient sources of foods and this could explain why no clear
associations were found using nutrient-based scores [40]. The DHD15 is currently not yet a sufficient
instrument to qualify healthy as well as the sustainable aspects of diets. Underlying Dutch dietary
guidelines should be updated first in order to capture a healthy and sustainable diet.

For the development of healthy and sustainable dietary guidelines, advice and policies, research
should not only address the proportion of animal-based foods in diets [43] but also other dietary
aspects such as overconsumption and other foods and beverages that significantly contribute to
environmental impact. Indeed, the ratio of animal- versus vegetable protein should shift in favor of
vegetable protein, and intake of animal protein should also decrease (except for the elderly due to
higher protein requirements) because in high-income countries, such as the Netherlands, total protein
intake is often easily exceeding recommendations [44]. However, this is socially and culturally difficult
to target because drivers for the consumption of animal-based foods are influenced by an inter-related
system of culture, taste, costs, religion, gender, and socio-economic status [44]. Therefore, addressing
other dietary aspects, overconsumption is important because regardless of the source, energy intake is
associated with higher environmental impact [17] and discretionary foods [45]. Our results showed
that the consumption of discretionary foods, that do not contribute to human health, such as sweet
and savory snacks (and salted nuts), soft drinks, and alcoholic beverages (adults only) consumed
by the entire population, certainly contribute towards daily environmental impact. Targeting those
foods could lower environmental impact and benefit human health. This is in line with results from a
modelling study in the Netherlands showing that reducing the consumption of soft and alcoholic drinks
throughout the day leads to significantly lower dietary GHG emissions of people in the Netherlands,
while also having health benefits [46]. In addition to this, our results suggest that reducing the
consumption of non-alcoholic beverages, such as coffee and tea and fruit- and vegetable juice, during
the day could decrease blue water use.

Overall, when aligning dietary recommendations, the aspects of sustainability should be included.
In order to capture healthy and sustainable dietary guidelines and diets, total protein intake,
overconsumption, and consumption of discretionary foods should be included next to the shift
from animal-based toward plant-based diets. Those aspects should be accounted for in improved
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methods, such as diet quality scores to evaluate healthy and sustainable food patterns. Further research
is needed to investigate methods to assess healthy and sustainable diets.

To conclude, environmental impact varied between age and gender. Meat, dairy, and cheese and
non-alcoholic beverages, and the consumption moments dinner and in between meals determined
the daily GHG emission of Dutch diets mostly. For blue water use, non-alcoholic beverages, fruits
and meat were main contributors, and foods with high blue water impacts were consumed mostly in
between meals. The DHD15 score includes food groups associated with health and does not (yet) give
the full association of all food consumed and associated environmental impacts. Besides, different
associations of environmental indicators with health aspects of diets need to be considered when
aligning diets for health and sustainability.
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