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Summary
Background Despite the key role of diets for individual and planetary health, the food offered in health-care 
institutions has received very limited attention to date. An assessment of the overall healthiness of foodservice in 
health-care institutions is missing from the literature, as is detailed information on its environmental footprint. 
This study aims to provide a comprehensive assessment of the healthiness, nutritional adequacy, and the 
environmental footprint of foodservice in a sample of German hospitals and nursing homes.

Methods We investigated the dietary quality and environmental footprint of foodservice in two hospitals and three 
nursing homes in Germany (two in northern Germany, two in eastern Germany, and one in southern Germany). 
Average daily meals were derived from meal plans and recipes and analysed for dietary quality, using the Healthy 
Eating Index-2020; adherence to the Planetary Health Diet; and nutritional adequacy. The environmental footprint 
was analysed by allocating procured foods to 50 food groups and using an environmental database to estimate 
impacts on land use, greenhouse gas emissions, eutrophication, acidification, and water use.

Findings Dietary quality was low, with institutions scoring 39–57 of 100 points on the Healthy Eating Index-2020. 
Adherence to the Planetary Health Diet was also low, reflected in Planetary Health Diet Index scores of 30–44 of 150. 
Most calories were from animal-source foods and unhealthy plant-based foods, with less than 20% of calories from 
wholesome plant-based foods. Meals were consistently high in saturated fat and salt, and low in fibre, while protein 
was insufficient in nursing homes. Micronutrient provision varied, with several B vitamins, vitamin C, potassium, 
and magnesium critically low in almost all institutions. Animal-source foods were responsible for three-quarters of 
the environmental impact, with meat alone contributing 38% of greenhouse gas emissions and 33–45% of other 
environmental impacts. About 60% of procured protein was from animal-source foods, while legumes made up 
less than 1% of procurement by weight.

Interpretation Meals served in health-care institutions such as hospitals and nursing homes might compromise both 
short-term and long-term health of patients and residents and contribute unfavourably to the institutional 
environmental footprint. This study highlights the urgent need to regularly assess foodservice in health-care 
settings, align it with recommendations for healthy and sustainable diets, and improve nutritional care.
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Introduction
Food is of central importance to individual health, with 
unhealthy diets ranked as one of the leading risk factors for 
non-communicable diseases, reduced quality of life, and 
premature deaths.1,2 At the same time, current dietary pat
terns, marked by high amounts of animal-source foods, are 
at the core of the transgression of planetary boundaries and 
the ensuing detrimental effects on ecosystems and human 
health, as described by the concept of planetary health.3–8

Consequently, unhealthy diets with high environmental 
impacts are one of the most important threats to human 
health, at the individual and planetary level.

Shifting public consumption towards healthier, more 
plant-based dietary patterns, such as the EAT–Lancet diet, is 
key to mitigating environmental degradation as well as to 

unlocking the important preventative and therapeutic 
potential of healthy nutrition.9 Food environments, espe
cially foodservice settings, are crucial in influencing dietary 
behaviour, as they have the potential to shape social norms 
and influence the public’s perception of what constitutes a 
healthy and sustainable diet.10 Health-care institutions have 
much influence in this regard, as they are expected to be 
advocates for a health-promoting lifestyle.

Despite the pivotal role of diet composition for human 
health and the environment, information on dietary quality 
and environmental sustainability of foodservice in health- 
care settings is scarce. Most studies investigating hospital 
or nursing home diets focus on macronutrient content, 
probably due to the high prevalence of malnutrition in these 
settings and associated complications and costs.11,12
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Although special dietary requirements need to be consid
ered in health-care settings, it is recommended that 
health-promoting meals with high-quality and sustainable 
ingredients be available to patients and residents based on 
recommendations for the general population.13 To our 
knowledge, a comprehensive evaluation of dietary quality 
in health-care settings is missing from the literature. Con
currently, although there has been increasing interest in the 
carbon footprint of health-care systems, data on the envir
onmental effects of foodservice in these settings remain 
scarce. Estimates of the relative contribution range from 
1% to 17% of overall greenhouse gas emissions for hospi
tals14,15 and about 15% for nursing homes.16 More granular 
data on which food groups drive these effects in health-care 
settings are rarely available, as are more comprehensive 
data on other environmental impacts beyond greenhouse 
gas emissions. These data gaps limit the development of 
integrated solutions that help achieve both sustainability 
and individual health objectives.

In this study, we evaluated the dietary quality and the 
environmental footprint of foodservice in a sample of five 
German health-care institutions. We aimed to identify the 

overall healthiness of foodservice, its nutritional adequacy 
for patients or residents, and the effect of food procurement 
on five environmental indicators: land use, greenhouse gas 
emissions, acidification potential, eutrophication potential, 
and scarcity-weighted water use.

Methods
Study design
Our cross-sectional study included two hospitals and three 
nursing homes from different regions of Germany: two in 
northern Germany, two in eastern Germany, and one in 
southern Germany (appendix 1 p 3). Institutions were 
purposefully selected through professional networks 
(such as the German Alliance on Climate Change and 
Health) and personal contacts of the authors and were 
chosen to be of similar size (in terms of number of beds) 
as the German average (which for hospitals was IQR 
50–400 beds and for nursing homes IQR 30–80 beds).17,18

Sample size and sampling method were based on balan
cing feasibility (in terms of amounts of data to be analysed) 
with the inclusion of several institutions to capture 
usual foodservice in German health-care settings. To be 

Research in context

Evidence before this study
We searched Google Scholar for relevant papers published in 
English from database inception up to Nov 1, 2024, using a 
combination of the following search terms: (“healthcare 
institution” OR “hospital” OR “nursing home”) AND 
(“foodservice” OR “food”) AND (“dietary quality” OR “nutritional 
quality” OR “healthiness” OR “sustainability” OR “environment”). 
Additionally, we searched for publications on the overall 
environmental footprint of the health-care sector and used 
snowballing to find additional relevant studies. We identified 
peer-reviewed articles that assessed aspects of dietary quality or 
environmental sustainability of foodservice in hospital and 
nursing home settings.

For dietary quality, most studies focused on the calorie and 
protein content of health-care meals, with a few studies assessing 
micronutrient provision. We did not identify any detailed 
assessment of the overall healthiness of food in health-care 
institutions using methodological tools such as dietary indices. In 
terms of environmental footprint, most studies identified were 
conducted as part of an evaluation of the contribution of food 
relative to the overall institutional footprint, typically using 
cost-based approaches and focusing exclusively on greenhouse 
gas emissions. Available studies mostly focused on hospitals, and 
there were no studies with more detailed data on nursing home 
foodservice.

Added value of this study
To our knowledge, this is the first study to comprehensively assess 
the dietary quality of foodservice in health-care institutions, using 
two dietary indices and evaluating the nutritional adequacy of 

provided meals. Additionally, ours is the only study (as far as we 
are aware) to use granular data derived from a lifecycle 
assessment database for a detailed, bottom-up assessment of the 
environmental footprint of health-care food procurement, 
covering impacts on land use, greenhouse gas emissions, 
eutrophication, acidification, and water use.

We found that meals contained insufficient wholesome plant- 
based foods and high amounts of refined grains, sugar, and 
saturated fat, leading to inadequate provision of nutrients and to 
low dietary quality as assessed by the Healthy Eating Index- 
2020 and the Planetary Health Diet Index. A few animal-source 
foods, namely red meat and dairy products, drove negative 
environmental impacts and contributed to unfavourable dietary 
composition.

Implications of all the available evidence
Foodservice in health-care institutions influences individual and 
planetary health. Our results provide clear evidence that in our 
sample of German hospitals and nursing homes, the status of 
foodservice is inadequate from both a health and an 
environmental perspective. Improving foodservice should be a 
key priority for policy makers and health-care stakeholders, and 
our study helps to identify the most important levers in terms of 
food groups to simultaneously improve health and sustainability 
aspects of food provision in these settings. Our overall findings are 
likely to reflect food provision in many health-care institutions in 
Germany and other high-income countries where diets are 
typically heavy in animal-source foods, refined grains and sugar. 
This highlights the need for more widespread and regular quality 
assessments of health-care foodservice.

See Online for appendix 1
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included, institutions needed to have no recent major 
changes in foodservice, produce meals on-site in their 
own kitchens, and be willing to share their procurement 
and meal data. Several of the participating institutions 
also catered to other settings (eg, other hospitals or 
nursing homes, or schools). The hospitals were owned by 
independent providers (that were not part of a larger 
hospital group), and the nursing homes belonged to non- 
profit organisations. Two of the nursing homes (nursing 
homes 2 and 3) were operated by the same provider. 
Ethical approval for the study was not required as we only 
analysed recipes and procurement data.

Procedures
For the assessment of environmental footprint and 
healthiness of foodservice we used two different datasets. 
To assess the environmental footprint, annual procure
ment data were used, as they best reflect the entirety of 
purchases for patient and staff foodservice, including bev
erages, snacks, and potential purchases for a cafeteria. 
Using these procurement data, we calculated the total 
annual footprint, the footprint divided by annual meals 
produced, and the proportional contribution of different 
food groups to the overall footprint. For the analysis of 
dietary quality and nutritional adequacy, meal plans and 
recipes of the institutions were analysed, as these reflected 
the food provided to meal recipients. We analysed 1 week of 
food provision including all breakfasts, dinners, snacks, 
and lunches on offer from that week. We calculated dietary 
quality based on the Healthy Eating Index-2020, adherence 
to the Planetary Health Diet, and nutritional adequacy in 

comparison to dietary reference values. Details on each of 
these analyses are provided in the subsequent sections.

For the environmental impact assessment, annual pro
curement data were analysed to calculate institutional 
environmental footprints related to foodservice for land 
use, greenhouse gas emissions, acidification potential, 
eutrophication potential, and scarcity-weighted water use, 
using an existing database based on a meta-analysis of 
lifecycle assessments (figure 1).

We acquired the procurement data of the participating 
hospitals and nursing homes for all food and drink items 
(except for mineral water), covering a span of 6 months for 
nursing homes and 12 months for hospitals. Procurement 
data were obtained for 2019 for both hospitals as substantial 
reductions in foodservice were reported during the 
COVID-19 pandemic. As nursing homes reported no such 
changes, procurement data were obtained for a 6-month 
period between November, 2021, and December, 2022, 
with slight variations in the months covered due to data 
availability. All purchased items were then classified into 
50 food groups (eg, beef, poultry meat, milk, rice, potatoes) 
to be linked with an existing lifecycle assessment database 
(described below and in appendix 1 pp 5–8). Some products 
could be classified directly (eg, apples, plain milk), whereas 
many food and drink items contained multiple ingredients. 
These composite food items were broken down into their 
main ingredients using a unified approach based on 
packaging information (appendix 1 pp 4–5). For all food 
items or ingredients (in the case of composite foods), the 
total weight or volume purchased was determined by 
multiplying the weight or volume per unit by the purchase 

Data sources and
analysed timeframe

6 months or 12 months

Procurement data

Meal plans and recipes
(breakfasts, lunches,
snacks, and dinners)

1 representative week

Data preparation Data analysis Outputs Objectives

Break down recipes into
ingredients

Assign Planetary Health
Diet Index food group

Assign Healthy Eating
Index food group

Assign BLS code to meal
components

Determine ingredient
proportions for
composite items

Determine total
weight or volume
purchased per ingredient

Assign food group

Five health-care institutions
(two hospitals, three

nursing homes)

Match with lifecycle
assessment database19

Annual environmental
footprint* and relative

contribution of food groups

Environmental impact of
foodservice

Planetary Health Diet
Index for a week of

meal provision

Healthy Eating Index for a
week of meal provision

Average daily nutrient
provision (calculated for a
week of meal provision)

Healthiness and
sustainability of

foodservice

Dietary quality of
foodservice

Nutritional adequacy for
target groups

Calculate Planetary
Health Diet Index

Calculate Healthy Eating
Index-2020

Calculate nutrient
provision and compare to

dietary reference values

Figure 1: Overview of methodology 
BLS=Bundeslebensmittelschlüssel (German Nutrient Database). *The environmental footprint was calculated for five environmental indicators: land use, greenhouse gas emissions, acidification potential, 
eutrophication potential, and scarcity-weighted water use.19
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frequency of the item. All food group labels and weights 
were hand-checked by at least two researchers to ensure 
accuracy.

The total weight or volume for each item or ingredient 
was multiplied by the environmental indicator factor per 
functional unit (1 kg or 1L of food product) for the respective 
food group. We used the food categories and environmental 
impact factors from the global meta-analysis of 570 lifecycle 
assessments by Poore and Nemecek.19 The Poore and 
Nemecek database consolidated lifecycle assessment data 
from 38 700 farms, and 1600 processors, packaging types, 
and retailers to calculate the environmental impact of 
food items across the entire supply chain (cradle-to-retail) 
for five environmental indicators: land use, greenhouse gas 
emissions, acidification potential, eutrophication potential, 
and scarcity-weighted water use. We supplemented the 
dataset with categories for wild-caught fish, crustaceans, 
and game, based on information available in the literature 
(appendix 1 pp 7–8). For cases in which these were 
available, we used the Poore and Nemecek factors for 
food production in the European Union, and for cases in 
which data for Europe were insufficient or absent, we used 
their global production values. As composite items 
were broken down into their ingredients, no additional 
impact was assigned to the production and processing 
of ultra-processed foods, meaning that their environ
mental impact was probably underestimated.20 Further 
details on the data preparation steps are provided in 
appendix 1 (pp 4–8).

In addition to calculating the annual footprint of an 
institution, we estimated its environmental impact per 
meal unit (total annual footprint divided by the total annual 
number of meals produced for patients or residents and for 
any catered institutions, including breakfasts, lunches, and 
dinners). This was done to allow for comparison of envir
onmental footprints between institutions, in relation to the 
meals they produced (as an indicator of the total amount of 
food purchased and distributed). Further explanation is 
provided in appendix 1 (p 9).

Nutritional quality analysis of meal plan data
Meal plan data preparation
We assessed nutritional quality of the meal plan data. For 
lunch meals, all participating institutions had weekly lunch 
meal plans for patients and residents with two or three 
meal choices that were rotated within a fixed timeframe 
(3–12 weeks). For each institution, all available meal plans 
used in 2022, or at the beginning of 2023, were collected, as 
well as all recipe files.

For each institution, we chose a representative week for 
further analysis, as described in appendix 1 (p 9). The meal 
plan for the selected week was broken down into individual 
meals, and these were further broken down into meal 
components (eg, meat, potatoes, vegetables, sauces—all 
components that form part of a complete meal), and their 
ingredients, using the recipes provided by the institutions 
(appendix 1 p 11). Composite items (eg, sauce powders, 

vegetable burgers) were disaggregated into their ingre
dients using ingredient lists and nutritional information 
available online (appendix 1 pp 10–11). In one institution, 
four of 14 lunch recipes could not be obtained from the 
provider. In these cases, we conducted an online search 
based on the first hit principle to find a recipe that matched 
the meal description on the meal plan.

For calculating the dietary indices, as described below, 
portion sizes of the raw ingredients were estimated using 
information available in the recipes. To assess the nutrient 
content of the food on offer, the portion sizes of each meal 
component as served (ie, cooked) were estimated. In many 
instances, institutions were able to provide set portion sizes 
for the prepared meal components. In cases for which 
portion sizes were not available, we either applied yield 
factors for typical German dishes or ingredients to the raw 
ingredient weights provided in the recipes (appendix 1 p 12) 
or, if not available, we supplemented portion sizes available 
from the other respective institutions (hospitals or nursing 
homes). We manually checked all data for larger discrep
ancies in portion sizes between institutions and between 
raw and cooked dish components.

Data collection for breakfast, dinner, and snacks is 
described in appendix 1 (p 10). Analogous to the data 
preparation of the lunch meal plans, all food items available 
for breakfast, dinner, and snacks were broken down into 
their ingredients using the aforementioned methodology. 
Typical portion sizes (eg, for toppings) were determined 
using a standard list for German food items.21

Adherence to the Planetary Health Diet and calculation of the 
Planetary Health Diet Index
To assess adherence to the Planetary Health Diet, the 
caloric contribution of Planetary Health Diet food groups to 
total calories and the Planetary Health Diet Index were 
calculated for 1 week of food provision (figure 1).

The Planetary Health Diet has been designed as a diet that 
can provide healthy nutrition for a global population of 
10 billion by 2050, while keeping the environmental effects 
of our current food system within the limits required for 
a stable Earth system.9 It provides recommendations 
(in grams and calories) for the intake of certain food groups, 
and emphasises plant-based foods while recommending 
limited intake of animal-source foods (appendix 1 p 12). It is 
thus often considered a blueprint for a healthy and envi
ronmentally sustainable diet, and several dietary indices 
have been developed to measure adherence to the Planetary 
Health Diet. In our study, we calculated the Planetary 
Health Diet Index, based on the methodology developed by 
Cacau and colleagues.22 The Planetary Health Diet Index is 
calculated based on the caloric intake of 16 food groups in 
relation to total calories consumed and results in a score of 
0–150 points, with higher scores indicating higher adher
ence to the Planetary Health Diet. Because scoring is based 
on relative caloric contribution, it allows for the evaluation 
of diets that do not meet the 2500 kcal outlined in the 
Planetary Health Diet reference diet. It includes adequacy 
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components (intake encouraged, positive scoring up to 
recommended intake with no upper limit: nuts and pea
nuts, fruits, legumes, vegetables, and whole grain cereals), 
optimum components (positive scoring up to recom
mended intake, negative scoring when intake is exceeded: 
eggs, dairy products [ie, milk, yogurt, and cheese], fish and 
seafood, tubers and potatoes, and vegetable oils), ratio 
components (dark green vegetables/total vegetables and 
red–orange vegetables/total vegetables), and moderation 
components (intake discouraged, positive scoring with 
lower intake and highest score at zero intake: red meat, 
chicken and other poultry, animal fats [ie, butter, lard, and 
cream], and added sugars). The Planetary Health Diet Index 
was positively associated with overall dietary quality and 
inversely associated with dietary carbon footprint in 
adults in Brazil.22 Studies conducted in the Brazilian and 
European populations also showed that higher scoring in 
the Planetary Health Diet Index was correlated with more 
favourable cardiovascular health status and lower incidence 
of overweight and obesity.23–25

To calculate the Planetary Health Diet Index, each 
ingredient was assigned to its respective Planetary Health 
Diet Index food group. Seeds were assigned to the nuts food 
group. Because the Planetary Health Diet does not include 
recommendations for refined grain intake (eg, breakfast 
cereals, white rice, white flour), this group contributed to 
the sum of the total calories but was otherwise not included 
in the calculation of the Planetary Health Diet Index. To 
estimate the calories per ingredient consumed by individ
uals residing in the institutions, we combined information 
on individual portion sizes from recipes with the calories 
per gram of ingredient from the German Nutrient Database 
(Bundeslebensmittelschlüssel V3.02 [BLS]). Based on the 
grouping and the assignment of the caloric content per 
ingredient per portion, the total caloric intake per individual 
meal, as well as the caloric contribution per food group, 
could be determined. Scoring for the calculation of the 
Planetary Health Diet Index was then done based on the 
steps outlined by Cacau and colleagues.22

Calculation of the Healthy Eating Index-2020
The overall dietary quality of the meals over the course of 
1 week was evaluated using the Healthy Eating Index-2020 
(figure 1).26 The Healthy Eating Index-2020 and its prede
cessors are based on the recommendations of the Dietary 
Guidelines for Americans and have been widely used in 
scientific studies worldwide to evaluate associations 
between dietary quality and health outcomes.27 The Healthy 
Eating Index-2020 comprises 13 food components, nine of 
which assess the adequacy of the diet based on the intake of 
total fruit, whole fruit, total vegetables, dark green vegeta
bles and legumes, whole grains, dairy, total protein foods, 
seafood and plant proteins, and unsaturated fatty acids. 
The remaining four components should be consumed in 
moderation, and include refined grains, saturated fat, 
sodium, and added sugars. The score is derived based on 
the weight or volume of these food components per 

1000 calories (except for the ratio component of fatty 
acids).26 For adequacy components, the score increases with 
higher intake of these foods, and for moderation compo
nents, lower intake leads to a higher score. The maximum 
achievable score of the Healthy Eating Index-2020 is 
100 points, with higher scores indicating higher adherence 
to the Dietary Guidelines for Americans. A comparison of 
the food groups or components between the Planetary 
Health Diet Index and Healthy Eating Index-2020 is 
included in appendix 1 (p 13).

Although the Healthy Eating Index is designed for use 
with the imperial weight system, we applied it to our data in 
metric units using the following data preparation steps. 
Ingredients from the meal plans were manually matched 
with food items listed in the Food Patterns Ingredients 
Database by the US Department of Agriculture.28 In most 
cases, an exact match was possible; if not, the closest proxy 
match was chosen. We matched ingredients instead of 
meals given the differences between American and 
German dietary patterns. The Food Patterns Ingredients 
Database contains information on food component 
imperial units per 100 g of product and can therefore be 
used to convert metric data to imperial data for the calcu
lation of the Healthy Eating Index. The nutrient informa
tion necessary for the calculation of the Healthy Eating 
Index (fatty acids and sodium) was derived from the BLS. 
The Healthy Eating Index-2020 was calculated following 
the guidelines of the US Department of Health and Human 
Services and National Institutes of Health.26

Assessment of nutritional adequacy
To assess nutritional adequacy, average daily nutrient 
provision over the course of 1 week was calculated and 
compared to dietary reference values issued by the German 
Nutritional Society (figure 1). Meal components (from 
breakfasts, dinners, lunches, and snacks) were matched 
with entries in the BLS. The BLS provides nutrient infor
mation for 14 814 individual food items (from fresh ingre
dients to ready-made meals). As the BLS contains typical 
German dishes, in most cases, an exact match for the meal 
components could be assigned. If an exact match was not 
available, either a proxy was chosen or, in cases for which an 
appropriate proxy was not available, we broke the dish down 
into ingredients and matched the ingredients with the 
respective entries in the BLS. The nutrient composition for 
the meal components was then summed to calculate the 
nutrient content of each meal. Vitamin E, iodine, fluoride, 
copper, and manganese concentrations in the German 
nutrient database BLS are deemed imprecise29,30 and were 
thus excluded from further interpretation.

To assess the nutritional adequacy of the meals for the 
target groups, we calculated the deviation of the average 
daily provision of important nutrients from the dietary 
reference values issued by the German Nutrition Society.31

We calculated the deviation of the average nutrient provi
sion from the dietary reference values for both sexes and all 
relevant age groups. Furthermore, a dietary reference value 
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for the typical hospital patient and the average nursing 
home resident was created based on an approach used in 
the quality standards for foodservice set forth by the 
German Nutrition Society (appendix 1 p 14). Because 
dietary reference values are usually set about 30% above the 
average requirements of a healthy person of a respective sex 
and age group, a cut-off of 67% was used to specifically 
highlight critically low provision of certain micronutrients.

Data analysis
We calculated the total annual environmental footprint for 
each institution and the relative contribution of all food 
groups to environmental impacts across five indicators: 
land use (m2 × year), greenhouse gas emissions (kg CO2eq), 
acidification potential (g SO2eq), eutrophication potential 
(g PO4

3–eq), and scarcity-weighted water use (kL eq).
For the dietary indices (Healthy Eating Index and 

Planetary Health Diet Index), we calculated results across 
an entire week (7 days) of food intake (ie, 7 days of breakfast, 
lunch, dinner, and snacks) as well as for just lunches. We 
included all lunch meal choices, meaning that for each 
institution, 14–21 lunches were incorporated in the indices, 
or 14–21 days (each day consisting of breakfast, dinner, and 
snacks as a constant, and a varying lunch).

For nutrient provision, we estimated the average daily 
provision based on an entire week, considering that nutri
ent needs do not have to be met daily but should, on 

average, be fulfilled over the course of a week. We estimated 
the average total daily nutrient provision (including break
fast, lunch, dinner, and snacks) for each institution, as well 
as the average nutrient provision via lunch alone. We again 
considered each lunch meal choice, meaning that for 
each institution, 14–21 lunches were incorporated in the 
calculation, or 14–21 entire days, as described above.

We used Microsoft Excel 2019 for data cleaning and 
preparation (preparation of meal plans and recipes for 
analysis and preparation of procurement data for analysis, 
detailed steps are described in appendix 1 pp 4–12) and 
Stata v18 for coding and data analysis (calculation of 
environmental footprint, the Healthy Eating Index-2020, 
the Planetary Health Diet Index, and nutrient adequacy).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
We found that diets in the participating institutions were of 
poor quality, as reflected by Healthy Eating Index scores 
(figure 2; appendix 2 tab 1). Only hospital 1 scored an 
intermediate value of 57 out of 100 points, while the 
others scored about 40 points. Additionally, the Planetary 
Health Diet Index results reflected low adherence to the 
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Figure 2: Healthy Eating Index-2020 optimum component scores and total scores for hospitals and nursing homes 
A score of up to 5 points or 10 points is assigned for each food component, with encouraged food components (whole fruits, total fruits, total vegetables, greens and beans, whole grains, dairy, total protein 
foods, seafood and plant proteins, and unsaturated fatty acids) scoring higher with increasing quantity, and moderation food components (refined grains, saturated fats, sodium and added sugars) scoring 
higher with lower quantity. Adding the food component scores results in a total score between 0 and 100 points, with higher scores indicating better dietary quality. Optimum scores are depicted in green. 
The fatty acids component represents the ratio of unsaturated fatty acids to saturated fatty acids. Data are shown for a week of daily food supply (breakfast, lunch, dinner, and snacks).

See Online for appendix 2

Articles

6 www.thelancet.com/planetary-health Vol 9 July 2025

http://www.thelancet.com/planetary-health


Planetary Health Diet. Most calories served in the insti
tutions were contributed by animal-source foods and 
unhealthy plant-based foods (figure 3; appendix 2 tab 2). 
Although healthy plant-based foods (vegetables, fruit, 
legumes, nuts, vegetable oils, whole grains) comprise 
about 80% of the recommended caloric intake in the 
Planetary Health Diet, none of the participating institu
tions offered more than 20% of calories from these food 
groups. Consequently, when considering the entire daily 
food supply over 1 week, no institution scored higher than 
44 out of 150 points on the Planetary Health Diet Index, 
and nursing homes 1 and 3 scored below 35 points 
(appendix 2 tab 3). Lunch scores of both indices were 
generally higher than when breakfast, dinner, and snacks 
were included, mostly due to the high share of refined 
grains, animal fats, and dairy in a typical breakfast and 
dinner (appendix 2, tabs 1 and 3).

Select nutrients supplied with lunch and over the course 
of an average day are shown in appendix 2 (tab 4). Almost 
half (42–48%) of calories provided were from fat, with 
22–26% of all calories from saturated fat, substantially more 
than the recommended intake of 30% and less than 10%, 
respectively (appendix 2 tab 5). Protein requirements were 
nearly met in the hospitals (>90% of dietary reference 
value), while the nursing homes fell short (≤73% of dietary 
reference value). We identified micronutrients of particular 
concern as those below 67% of recommendations. All 
institutions fell short (<67% of dietary reference value) in 
the supply of niacin, vitamin B6, folate, pantothenic acid, 
potassium, magnesium, and EPA/DHA; four out of the five 
institutions fell short in biotin and vitamin C; three fell 
short in calcium, zinc, and iron; and two institutions were 
far from providing sufficient thiamine and riboflavin 
(figure 4; appendix 2 tabs 5 and 6). Sodium and chloride 
supply (mostly contained in salt) consistently exceeded the 
dietary reference value.

Assessing the environmental footprint of annual food 
procurement showed that animal-source foods were, on 
average, responsible for three-quarters of the institutions’ 
environmental impacts despite constituting only one-third 
of procurement by weight and calories and about 60% by 
protein (figure 5; appendix 2 tab 7). The largest contributor 
was meat, responsible for about 40% of all greenhouse gas 
emissions, acidification, and eutrophication impacts; 45% 
of land use impacts; and 33% of scarcity-weighted water 
use. Bovine meat and pig meat tended to have the highest 
impacts for all indicators (appendix 1 p 15; appendix 2
tab 8). Dairy was the second highest category, contributing 
to 18–40% of environmental impacts. This was primarily 
due to the impacts of milk (mainly fluid milk and yogurt) 
and cheese. Milk had the highest impact after bovine and 
pig meat, partly due to milk purchases being higher than 
any other food group in four of the five institutions 
(appendix 2 tab 8). Fish contributed to about 11% of 
eutrophication impacts (range: 4–17% across institutions), 
but less to other environmental indicators.

Plant-source foods constituted most of the institutions’ 
procurement by weight and calories, predominantly from 
vegetables and grains and starches (figure 5). Of all food 
groups, wheat and rye contributed most of all calories 
(18–29%) and protein (17–26%; appendix 2 tab 8), while 
additional calories came from potatoes (3–10%), sugar cane 
(3–13%), and rapeseed oil (7–15%). Plant-source foods were 
responsible for a much smaller share of the environmental 
footprint than animal-source foods, constituting 13–20% of 
all environmental impacts (figure 5). Plant-based protein 
foods (ie, legumes and nuts) made up less than 1% of total 
procurement by weight. Coffee and tea contributed to about 
5–8% of overall land use, greenhouse gas emissions, and 
eutrophication impacts.

The environmental footprints for each institution, total 
per year and per meal unit produced, are presented in the 
table. Estimates of the environmental impact per meal 
unit suggest that nursing home 1 had the lowest overall 
environmental impacts, while hospital 2 had the highest. 
Detailed results for procurement and environmental 
indicators by food group for each institution are provided in 
appendix 3.

1 2 1 2 3

Hospital Nursing homePlanetary
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Figure 3: Caloric contribution of food groups to overall energy supply over 1 week in hospitals and nursing homes 
in comparison to the Planetary Health Diet 
Animal-source foods are depicted in red and blue, unhealthy plant-based foods and potatoes in yellow, and healthy 
plant-based foods in green. Data are shown for a week of daily food supply (breakfast, lunch, dinner, and snacks). The 
nuts component includes nuts and seeds. Refined grains are not part of the Planetary Health Diet recommendations 
but are included here as they provide a substantial proportion of calories in health-care diets.

See Online for appendix 3
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When comparing health and environmental indices, all 
institutions scored relatively poorly in both the Healthy 
Eating Index and the Planetary Health Diet Index, with 
limited variation and no discernible pattern in relation to 
institutions’ greenhouse gas emissions (appendix 1 p 16).

Discussion
In this study, we assessed the environmental footprint and 
dietary quality of foodservice in a sample of German 
hospitals and nursing homes. We found that foodservice 
contained limited (<20% of calories) amounts of whole
some plant-based foods and higher amounts of unfavour
able foods than recommended for healthy and sustainable 
diets, such as red meat (10–17% of calories) and refined 
grains (>20% of calories), resulting in poor dietary quality, 
nutrient shortfalls, and a high environmental footprint.

To our knowledge, the healthiness of foodservice in 
health-care settings has so far not been evaluated in-depth 
apart from select macronutrients and micronutrients. 
Assessing the dietary quality of foodservice in hospitals and 
nursing homes in our study revealed substantial deficits in 
dietary composition, reflected by low scores in both the 
Healthy Eating Index-2020 and the Planetary Health Diet 
Index. As health-care institutions are expected to promote 
health and serve as role models for healthy lifestyles, these 
results highlight a crucial and urgent issue that deserves 
further attention. In the institutions studied, animal-source 
foods, unhealthy plant-based foods, and potatoes provided 
more than four-fifths of energy, with red meat, animal fat, 
dairy, refined grains, and (in nursing homes) sugar being 
the most important contributors. Although both dietary 
indices penalise the low intake of wholesome plant-based 
foods, Planetary Health Diet Index scores were even 
lower than Healthy Eating Index scores as the Planetary 
Heath Diet Index emphasises the reduction of several 
animal-source food groups, whereas the Healthy Eating 
Index encourages high intake of dairy and lacks a compo
nent directly limiting the intake of red meat or animal fat. 
Irrespective of these differences, both indices indicate that 
food served in health-care settings poses a health risk if 
consumed in the long run. Low consumption of vegetables, 
fruits, legumes, nuts, and whole grains, as well as high 
consumption of red meat, and a high glycaemic load 
(caused by high intakes of sugar and refined grains) are 
well-established risk factors for cardiovascular disease, type 
2 diabetes, and premature mortality.32,33 Studies assessing 
dietary quality using the Healthy Eating Index or indices of 
adherence to the Planetary Health Diet therefore consist
ently show associations between low index scores and 
various adverse health outcomes.23–25,27,34 On the other hand, 
high scores in the Healthy Eating Index and Planetary 
Health Diet Index are associated with more favourable 
outcomes in terms of healthy ageing, such as slower cog
nitive decline and fewer limitations in activities of daily 
living.35,36

Our study revealed large gaps in the nutrients supplied 
with meals in health-care institutions when compared with 

recommended intakes, which might have adverse short- 
term and long-term health consequences. Due to their 
relevance to malnutrition, energy and protein supply have 
been the focus of scientific investigations, with some 
studies finding adequate provision in health-care institu
tions and others highlighting shortfalls.37–40 In the institu
tions examined in our study, calorie supply was mostly 
adequate, while protein supply was too low for the targeted 
age groups, especially in nursing homes. Common 
micronutrients of concern—in the few studies that 
addressed their provision in health-care settings—are 
vitamin B6, vitamin D, folate, calcium, magnesium, 
potassium and, in some cases, trace elements such as iron 
and zinc.37,38,41–44 In line with these findings, we estimated 
that insufficient nutrient supply was most pronounced for 
many B vitamins such as vitamin B6, folate, and niacin, as 
well as for calcium, potassium, magnesium, zinc, and iron. 
Vitamin C has previously been identified as a nutrient of 
concern in health-care institutions45 and was low in most 
institutions in our study. The only nutrients uniformly 
exceeding the dietary reference values were those that 
should have limited intake, such as sodium and chloride. 
This reflects the provision of meals high in salt, consistent 
with previous findings in health-care settings.43,44,46 Add
itionally, the share of fat and saturated fat in meals was 
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Figure 5: Average contribution of food categories to overall environmental footprint (A) and to weight, calories, 
and protein (B) of food procured in hospitals and nursing homes 
Animal-source foods are shown in red, miscellaneous foods and drinks in yellow, and plant-source foods in green. 
Data are the proportional contributions of food groups, averaged across two hospitals and three nursing homes in 
Germany.

Articles

www.thelancet.com/planetary-health Vol 9 July 2025 9 

http://www.thelancet.com/planetary-health


substantially higher than recommended, while the provi
sion of fibre was far below the suggested intake. Notably, 
the true nutrient intake in our setting is likely to be even 
lower than our estimates, with studies suggesting that 
residents or patients typically consume less than 70% of 
meal portions served.47 This highlights further potential 
health consequences of nutrient shortfalls, such as mal
nutrition and sarcopenia, as well as anaemia, cognitive 
decline, osteoporosis, or constipation. Micronutrients such as 
vitamin C and zinc are essential for immune function and 
wound healing.48 At the same time, an unfavourable ratio of 
high sodium to low potassium intake is an important risk 
factor for the development and exacerbation of high blood 
pressure.49

Ours is the first detailed assessment not only of dietary 
quality but also of the environmental footprint of health- 
care foodservice using a bottom-up approach based on a 
lifecycle assessment database and considering environ
mental indicators beyond greenhouse gas emissions. To 
our knowledge, this study provides the most accurate and 
detailed estimate to date, as previous assessments 
employed cost-based or less granular lifecycle assessment 
methodologies. We found that using a detailed bottom-up 
approach resulted in higher emission estimates than 
numbers available in the literature, which indicates that 
emissions related to foodservice might be under-reported 
when employing cost-based top-down methodologies. For 
example, a study that used a cost-based approach estimated 
food-related emissions to be about half of the emissions we 
calculated for a hospital of similar size.50 The same applies 
when comparing results for the largest hospital in our study 
to the carbon footprint of foodservice in a Dutch university 

clinic.14 Further comparison to the literature is hindered by 
a lack of data and the absence of a standardised method
ology for estimating and comparing absolute food-related 
emissions in health-care settings.

Use of a detailed lifecycle assessment database allowed us 
to assess the contribution of 50 food groups to the overall 
environmental footprints of the examined hospitals and 
nursing homes. Unsurprisingly, animal-source foods were 
the major driver of the environmental impact of foodservice 
across all institutions and all environmental indicators. 
Meat alone was responsible for about 38% of greenhouse 
gas emissions and 33–45% of all other environmental 
impacts. Other studies have also highlighted the dis
proportionate contribution of animal-source foods, 
specifically meat, to the carbon footprint of health-care 
foodservice. A study conducted across hospitals in 
Switzerland reported that meat was responsible for 27% of 
the climate impact of foodservice,15 while Saxe and col
leagues51 found that beef-containing meals were respon
sible for almost ten times the emissions of vegetarian meals 
in Danish nursing homes.

There was substantial variation between the footprint of 
institutions due to differences in purchasing patterns, 
largely driven by differences in beef, pork, and dairy pur
chases. Relative environmental impacts differed up to a 
factor of 2. Nursing home 1 had the lowest overall envir
onmental impacts per meal unit, probably because of its 
lower procurement of meat and butter than other institu
tions, while hospital 2 had the highest impacts, reflective of 
the high procurement of bovine meat. Notably, differences 
in Planetary Health Diet Index scores of weekly meal pro
vision did not consistently align with differences in the 
relative environmental footprint of procurement data. 
A limitation of the Planetary Health Diet Index scoring 
method is that it does not further penalise the intake of 
unsustainable foods once a score of zero is reached in the 
respective food group. When evaluating the sustainability 
of foodservice, it therefore seems advisable to factor in the 
entirety of procurement data, including all meals, snacks, 
and drinks. Coffee purchases, for example, contributed 
2–10% of greenhouse gas emissions in our study, in line 
with a study of Swiss hospitals which found coffee to be 
responsible for about 4% of the carbon footprint.15

Furthermore, employing other environmental indicators 
beyond carbon highlighted differences in impacts across 
animal-source food groups. Farmed fish contributed dis
proportionately to eutrophication and pig meat to the water 
footprint, although both have lower greenhouse gas emis
sions per kg than beef. When designing menus with lower 
environmental impacts, these trade-offs and differences 
should be considered.

Our results clearly indicate that substantial shifts in 
health-care foodservice are essential to ensuring patients’ 
and residents’ health—and for achieving the goal of 
planetary health care.52 In nursing homes, residents stay for 
years or even decades, which makes foodservice highly 
influential for their quality of life as well as their ageing 

Land use 
(m2 × year)

Greenhouse 
gas emissions 
(kg CO2eq)

Acidification 
(g SO2eq)

Eutrophication 
(g PO4

3–eq)
Scarcity-weighted 
water use (kL eq)

Hospital 1
Total 882 848 786 979 5301 3254 3 771 645
Per meal unit 2⋅02 1⋅80 0⋅012 0⋅007 8⋅61
Hospital 2
Total 2 848 074 2 241 684 14 806 8713 8 443 564
Per meal unit 3⋅47 2⋅73 0⋅018 0⋅011 10⋅28
Nursing home 1
Total 293 883 257 066 1723 985 1 212 095
Per meal unit 1⋅44 1⋅26 0⋅008 0⋅005 5⋅92
Nursing home 2
Total 264 124 228 307 1561 874 1 175 425
Per meal unit 2⋅28 1⋅97 0⋅013 0⋅008 10⋅13
Nursing home 3
Total 185 934 152 266 1072 578 752 911
Per meal unit 2⋅51 2⋅06 0⋅014 0⋅008 10⋅16

Procurement data from nursing homes (for 6 months) was doubled to calculate annual impacts. Approximation of relative 
environmental impacts per meal unit were calculated by dividing annual environmental impacts by the number of meals 
produced per year (including all lunches, breakfasts, and dinners). Further characteristics of the institutions are presented in 
appendix 1 (p 3).

Table: Environmental impacts of foodservice (annual and per meal unit) in health-care institutions in Germany
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process, disease risk, and potentially even their life 
expectancy. During hospital stays, diets can influence the 
risk of complications, and they can also shape perceptions 
of what a healthy diet looks like, potentially influencing 
patients’ openness towards dietary changes after discharge. 
Studies show that hospital stays are important in inducing 
lifestyle changes, as has been demonstrated in the case of 
tobacco.53 Fortunately, both dietary quality and environ
mental sustainability can be addressed by similar measures 
(ie, by lowering the amount of animal-source foods and 
simultaneously shifting from unhealthy to wholesome 
plant-based foods). As animal-source foods currently pro
vide a large proportion of the protein procured by institu
tions, switching towards more plant-based diets will require 
the integration of more plant-based protein sources such as 
legumes, nuts, and seeds, as well as whole grains, and a 
diverse range of vegetables. Such shifts would also improve 
the availability of certain nutrients such as fibre, folate, 
magnesium, potassium, vitamin C, and vitamin K. Fur
thermore, animal-source foods with less adverse health and 
environmental consequences, such as poultry, fish, eggs, 
and dairy (in moderate amounts) can still constitute an 
important part of diets, especially for the nutritionally 
vulnerable with high protein needs.54 A Dutch modelling 
study showed that a high-protein but more environmentally 
friendly diet suitable for older adults can be achieved by 
reducing the consumption of beef, lamb, and processed 
meat and increasing the consumption of poultry, pork, and 
diverse plant-based protein sources.54 A healthy, sustain
able diet can thus meet the nutritional needs of the general 
population in health-care institutions, while individuals 
with certain nutritional needs and vulnerabilities should be 
identified and receive specialised care.55 Given the results of 
our study, it might be advisable to consider the supple
mentation of crucial nutrients in health-care settings, 
especially if patients or residents are exposed to health-care 
foodservice for prolonged time periods.

To our knowledge, our study is the first to compre
hensively evaluate the overall nutritional quality and 
environmental footprint of foodservice in a sample of 
hospitals and nursing homes. Employing dietary indices, 
while simultaneously identifying nutrients of concern, 
helps to determine the most effective areas for the 
improvement of dietary quality. Simultaneously, assess
ment of environmental impacts across several indicators 
helps to identify the most important levers and trade-offs in 
terms of improved sustainability. Our assessment serves as 
an example for the comprehensive evaluation of foodser
vice quality in future studies. Our results are limited by the 
fact that we considered food provision but not actual dietary 
intake, which might overestimate true portion sizes but 
underestimate drinks, snacks, or other food ordered on 
demand. For example, drinks, such as mineral water, milk, 
or juice can contribute to nutrient intake (eg, calcium or 
vitamin C). Furthermore, specificities in recipes or cooking 
methods could not be considered when matching meal 
components with the nutrient database, but because this 

database includes industrial cooking methods and recipes 
commonly used in large kitchens, we assume that our 
results give a good approximation of key nutrients. Due to 
the characteristics of the Poore and Nemecek environ
mental database, it was not possible to differentiate 
between farming methods or account for the processing 
stage of ultra-processed foods, potentially underestimating 
the impacts of some products. Due to the exclusion of other 
environmental indicators such as fine particulate matter 
formation, it is possible that there are further trade-offs 
between food groups that we were not able to highlight. 
Finally, institutions were not randomly selected or from a 
nationally representative sample, and our sample size was 
small. Therefore, generalisability of the results to other 
health-care institutions is limited. Although health care in 
Germany is provided by a large variety of institutions, we 
nevertheless expect that their foodservice practices are 
similar, and that our results are likely to apply to many 
German health-care institutions.

In summary, the results of our study highlight substantial 
shortfalls both in terms of dietary quality and environ
mental sustainability in the examined health-care institu
tions. Our findings underline the need for regular 
assessments of the dietary quality and sustainability of 
foodservice in health-care settings and for tools to make 
such assessments accessible and feasible for institutions. 
Aligning health-care food provision with recommendations 
for healthy and sustainable diets while simultaneously 
improving nutritional care for vulnerable populations will 
require various measures, including regular assessments 
and mandatory standards that combine health and sus
tainability considerations. Health-care institutions should 
serve as role models for healthy, sustainable foodservice, for 
the betterment of both individual and planetary health.
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