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Summary 

Background  Sustainable diets contribute to improving human health and reducing food-related greenhouse gas 
emissions (GHGE). Here, we established the effects of a facility-based sustainable diet intervention on the adherence 
to the EAT-Lancet Planetary Health Diet and GHGE of consumers.

Methods  In this quasi-experiment, vegan menus and educational material on sustainable diets were provided 
in the largest cafeteria of a German hospital for 3 months. Regular customers (> 1/week) in this cafeteria (intervention 
group) and in all other hospital cafeterias (control group) completed a questionnaire about their sociodemographic 
and dietary characteristics before and after the intervention period. We calculated difference-in-differences (DID), their 
95% confidence intervals (CIs), and p-values for the adherence to the EAT-Lancet Planetary Health Diet Index (PHDI; 
0–42 score points) and food-related GHGE. The protocol was registered at the German Clinical Trial Register (reference: 
DRKS00032620).

Findings  In this study population (N = 190; age range: 18–79 years; women: 67%; highest level of formal education: 
63%), the mean baseline PHDI (25·1 ± 4·8 vs. 24·7 ± 5·8 points) and the mean baseline GHGE (3·3 ± 0·8 vs. 3·3 ± 0·7 
kg CO2-eq./d) were similar between the intervention (n = 92) and the control group (n = 98). The PHDI increase 
was 0·6 points (95% CI: -0·4, + 1·6) higher in the intervention group than in the control group. This trend was stronger 
among frequent consumers of the vegan menu than among rare and never consumers. No between-group differ-
ence was seen for GHGE changes (DID: 0·0; 95% CI: -0·2, + 0·1 kg CO2-eq./d).

Interpretation  Pending verification in a longer-term project and a larger sample, this quasi-experiment in a big hos-
pital in Germany suggests that offering vegan menus and information material in the cafeteria enhances the adher-
ence to healthy and environmentally friendly diets among regular customers. These findings argue for making 
sustainable food choices the default option and for improving nutrition literacy.
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Background
“We are on the edge of an abyss — and moving in the 
wrong direction. […] The world must wake up. […] The 
problems we have created are problems we can solve.”, 
as stated by Antonio Guterres, secretary-general of the 
United Nations [1]. Climate change is the largest threat 
to human health in the twenty-first century [2, 3]. To mit-
igate climate change and its adverse effects, a reduction 
of greenhouse gas emissions (GHGE) to the largest pos-
sible extent in every sector is needed [3]. Today, the food 
sector is responsible for one-third of global GHGE [4].

Diets low in animal products, have an enormous poten-
tial to reduce food-related GHGE by up to 70% [5]. In 
addition, plant-based diets, in comparison to diets high 
in animal-products, contribute to the prevention of car-
diometabolic diseases, improve the risk of cancers, and 
reduce overall premature mortality [6]. Sustainable diets 
are defined as “diets with low environmental impacts that 
contribute to food and nutrition security, and to healthy 
lives for present and future generations” [7]. To provide 
“a safe operating space” for sustainable diets, the EAT-
Lancet Commission developed the Planetary Health Diet 
(PHD) in 2018. This reference diet could feed up to 10 
billion people in 2050 while remaining inside planetary 
boundaries. The PHD is plant-based and recommends 
moderate intakes of poultry and seafood, processed meat, 
red meat, added sugar, and refined grains [6].

Multiple strategies can contribute to implementing 
this dietary shift on a global scale, including policies to 
support the adoption of sustainable diets, raising pub-
lic awareness on the environmental, health and ethical 
benefits of these diets, and increasing accessibility and 
affordability [8]. While dietary interventions at the indi-
vidual level rapidly show improvements in cardiometa-
bolic parameters, these effects are often not sustained in 
the long term [9]. Previously, facility-based dietary inter-
ventions produced long-term dietary changes through 
modifications of the food environment [10]. These 
modifications are especially effective when components 
of models for behaviour change, e.g., the transtheoreti-
cal model (TTM) and the COM-B model, are adopted 
[11, 12]. The TTM describes different stages of behav-
iour change, while the COM-B model suggests increas-
ing capability (C), opportunity (O), and motivation (M) 
for dietary changes. Indeed, knowledge on sustainable 
diets is lacking in the European population [13], despite 

its beneficial influence on pro-environmental behaviour 
[14]. Educational dietary interventions have improved 
adherence to promoted diets [15]. Education is useful 
at any stage of the TTM and provides the basis for goal-
directed behavioural change. Approximately half of the 
hospital employees’ waking hours are spent at work [16]. 
Therefore, consistent exposure to changes in the work-
related food environment may help navigate individuals 
through the different stages of change and achieve sus-
tainable dietary habits.

Currently, the majority of the general population in 
Germany and hospital food suppliers barely comply 
with the PHD recommendations [17]. Although previ-
ous research provides useful guidance on facility-based 
dietary interventions, [18] it is largely unknown to what 
extent plant-based meals at the facility level can improve 
the adherence to the PHD. Indeed, sustainable diets may 
clash with culinary traditions and have become an ideo-
logical, if not even philosophical, topic [19]. Therefore, 
empirical evidence on effective sustainable diet interven-
tions are urgently needed [16].

Our study aimed to establish the effects of a cafeteria-
based intervention with vegan menu offering and nutri-
tion information in a German hospital on the customers’ 
adherence to the PHD and food-related GHGE.

Methods
Study design
We used a quasi-experimental pre and post study design 
with an intervention group and a control group. This pro-
ject is part of the “Climate Change Mitigation through 
Optimizing Supply Chains in Hospitals” (KliOL) project 
with the goal of reducing the greenhouse gas emissions 
from hospital supply chains by 7%.

Intervention
We conducted this study at Heidelberg University Hospi-
tal in Germany, which has 7 cafeterias for employees. The 
standard lunch menu, offered to patients and employees, 
comprised two meat-and-fish menu lines (75%) and one 
vegetarian menu line (25% of orders) each day.

The intervention programme aimed to increase the sus-
tainability of consumers’ dietary behaviour, and targeted 
consumers at different stages of the TTM [11], using all 
components of the COM-B model of behaviour change. 
The intervention was co-designed by kitchen staff, 
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nutritionists, corporate health management staff and 
researchers from medicine, nutrition science, and epi-
demiology. The intervention programme comprised two 
components: (1) daily substitution of one meat-and-fish-
menu line with a vegan menu line, and (2) one-time pro-
vision of printed information material on the importance 
of dietary practices for climate change and health, includ-
ing a link to vegan online-recipes. For more information, 
see Supplementary text 1). The intervention period lasted 
three months from mid-January to mid-April 2023.

Allocation of the intervention
The intervention programme was allocated at the facil-
ity level. We introduced our intervention in one hospital 
cafeteria (= intervention cafeteria). In all other cafeterias, 
the standard hospital meals were maintained (= con-
trol cafeterias). Due to the systemic nature of this inter-
vention, allocation concealment and blinding were not 
possible.

Participants
Regular consumers of cafeteria meals (≥ once/week) 
at follow-up, mostly hospital employees, were eligible 
for participation. Inclusion criteria were age ≥ 18  years 
at baseline and not following a medically prescribed 
dietary regimen. We asked participants to state their 
gender identity rather than sex, as gender and tradi-
tional gender role conformity play a role in the openness 
towards adopting more sustainable diet patterns [20]. We 
recruited participants in front of hospital cafeterias and 
via institutional e-mailing lists. All participants provided 
written informed consent.

Data collection
We conducted questionnaire-based surveys at baseline 
and at endline. The questionnaires were completed online 
or as paper-and-pencil versions. We assessed demo-
graphic and socioeconomic characteristics (Table 1), self-
reported hours of moderate-intensity physical activity, 
and self-assigned type of dietary practice (vegan, vegetar-
ian, pescatarian, flexitarian, mixed diet) (Supplementary 
Text  2). We administered process evaluation questions, 
e.g., on the frequency of the vegan menu consumption 
and the use of the information material. To minimize the 
time expenditure for our study participants, usual dietary 
intake over the past 3 months was assessed by means of 
a semi-quantitative food frequency questionnaire (FFQ) 
with 116 food items. The FFQ was developed by the study 
team based on the German food-based dietary guidelines 
to include more plant-based food items and is described 
in more detail in Supplementary text 3.

Outcomes
This paper is part of a larger study (DRKS00032620) 
with the primary outcome mental wellbeing. The present 
paper reports on two secondary outcomes: (1) the Plan-
etary Health Diet Index (PHDI) and (2) individual food-
related GHGE of consumers’ diets.

We employed the PHDI constructed by Stubbendorff 
et al., which measures adherence to the EAT-Lancet PHD 
on a score from 0 (= least) to 42 points (= most sustaina-
ble diet) [21]. Recommended food groups (n = 7) received 
higher points and unrecommended food groups (n = 7) 
received lower points for more frequent consumption, 
respectively [21]. GHGE were calculated in kg  CO2eq./
day using factors from life-cycle analyses from cradle-
to-shelf, including land use change, for each food item 
provided by the ifeu [22]. For more details, see Supple-
mentary Table 1 and Supplementary Text 3.

Sample size
The sample size calculation (Supplementary Text 4) was 
performed for the primary outcome mental wellbeing 
(Warwick-Edinburgh-Mental-Wellbeing-Scale, WEM-
WBS) [23]. For previously reported effect sizes of 0.18 
to 0.30 WEMWBS points, the estimated sample size was 
90 to 245 participants. Sample size calculations were not 
performed for the secondary outcomes.

Statistical methods
Missing data handling
Participants with implausible energy intake or missing 
data on more than five food items were excluded from the 
analysis. All other missing food items were substituted as 
described in Supplementary Text 5. For GHGE analyses, 
we removed all outliers (> 1·5 interquartile range) for pre-
post-differences in GHGE. We assumed that such outli-
ers stem from implausible intake changes in food groups 
with a high environmental footprint, such as beef.

Descriptive statistics
Demographic, socioeconomic, and lifestyle character-
istics were compared between groups at baseline and 
follow-up, using Chi-square tests. We also calculated 
standardized mean differences of the baseline character-
istics between groups. In addition, we examined whether 
covariates with significant differences in groups or over 
time qualified as potential confounders and calculated 
their time-varying effects on the outcomes in the control 
group [24].

We explored the distributions of the PHDI and food-
related GHGE in box-plots by categories of the self-
assigned dietary types and by the number of cafeteria 
meals consumed per week. Data are shown by groups 
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and for baseline and follow-up examinations. Results of 
the process evaluation are presented for the intervention 
group only. To show the relationships between interven-
tion uptake and outcome variables, we calculated mean 
PHDI and mean GHGE by the intake frequency of the 
vegan menu.

Difference‑in‑differences (DID) analysis
The intervention effects were calculated using differ-
ence-in-differences (DID) analyses. The participants 
were categorised into the intervention or the control 
group, depending on their most frequented cafeteria at 
follow-up.

DID analysis estimates the difference between the 
changes in the outcome measures in the intervention and 
in the control group over time. The DID analysis assumes 
that the outcomes of both groups would follow “parallel 
trends” over time in the absence of the intervention [25].

We performed linear regression analyses to derive the 
DID estimates, their 95% confidence intervals (CIs), and 
p-values using SAS 15·1. We fitted three models: Model 
1 was unadjusted, Model 2 was adjusted for educational 
attainment, and Model 3 was adjusted for all covariates 
(see Table 1) [24, 26].

Finally, we conducted exploratory DID analyses for sin-
gle food groups to identify the main contributors to the 
observed changes in PHDI and GHGE. These analyses 
were performed for points per PHDI category, for grams 
per PHDI category calculated as detailed in Supplemen-
tary Table 1, and for GHGE measured in kg CO2eq, based 
on the food groups categorized in the questionnaire. We 
also stratified the DID analyses for both outcomes by 
gender.

Sensitivity analyses
As a sensitivity analysis for the fully adjusted Model 3 
and to account for differences in baseline characteristics, 
we additionally employed propensity score weighting 
(describing the conditional probability of being assigned 
to groups, Model 4). Propensity scores are frequently 
used in combination with DID analysis to minimize case 
mix differences.[27] Due to the possibility of switching 
groups, we performed an additional intention-to-treat 
analysis (ITT) and calculated the local average treatment 
effect (LATE). The LATE estimate applies only to the 
subgroup that is compliant when assigned to the inter-
vention [26]. Additionally, we performed a random split 
of the sample and randomization inference to ascertain 
the probability of finding larger effects under all possi-
ble random assignments of participants to groups using 
STATA MP18 [28].

Role of the funding source
The funders had no role in the study design, data col-
lection, data analysis, data interpretation, writing of the 
manuscript or any aspect pertinent to the study. None 
of the authors were paid to write this article by a phar-
maceutical company or other agency. Authors were not 
precluded from accessing data in the study, and they 
accept responsibility for submission for publication.

Results
Recruitment and follow‑up
Questionnaires were completed at baseline (07 Decem-
ber 2022 – 15 January 2023) and at follow-up (27 March 
2023 – 30 April 2023). Out of the 682 participants who 
completed the FFQ at baseline, 190 participants were 
analysed (control: n = 98, intervention: n = 92). Fig.  1 
shows the number of participants who completed the 
baseline and follow-up surveys, by group.

Baseline characteristics
The baseline characteristics for each group are presented 
in Table  1. There were no differences in age, gender, 
marital status, monthly income, number of children in 
the household, age of the youngest child, and physical 
activity. However, the intervention group less frequently 
attained high educational degrees (61% vs 64%) and more 
frequently consisted of students (10% vs 1%). The same 
distributions were observed for the standardized mean 
differences at baseline (Supplementary Fig. 1). We iden-
tified education as a potential confounder because of its 
time-varying effects on the PHDI [24].

When comparing the baseline characteristics of 
included participants (n = 190) with those of individu-
als who were lost to follow-up (n = 492), we found more 
married participants, more individuals with own chil-
dren, and fewer individuals aged 18–29  years in the 
analytical dataset.

Uptake of intervention components
Thirty percent of all participants and 20% of mixed 
diets consumers reported choosing the vegan menu at 
least 3-times a week. Regarding information material, 
50% did not see the material, 23% read the flyer, and 
11% read the online-recipes. One-third of the consum-
ers of the flexitarian and mixed diets stated that they 
were motivated by the cafeteria menu to adopt more 
sustainable dietary practices at home.

Distributions of the EAT‑Lancet planetary health diet index 
and greenhouse gas emissions
At baseline, mean PHDI was 24·7 ± 5·8 score points 
in the control group and 25·1 ± 4·8 score points in the 
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intervention group. Fig.  2A shows the distributions of 
PHDI by intervention group at baseline according to 
self-assigned dietary types. In both groups, individu-
als with vegan dietary practice had the highest mean 
PHDI, followed by pescatarian, vegetarian, flexitarian, 
and mixed dietary types. At follow-up, PHDI distribu-
tions did not change for the vegan, pescatarian, flexi-
tarian and mixed diets, but mean PHDI was increased 
among individuals on vegetarian diets in the interven-
tion group (Fig. 2B).

With regard to GHGE, the mean baseline values were 
3·32 ± 0·68  kg CO2eq./day in the control group and 

3·29 ± 0·81  kg CO2eq./day in the intervention group. 
Fig.  3A shows the distributions of GHGE by group at 
baseline according to self-assigned dietary type. People 
following a vegan diet showed the lowest mean GHGE, 
and this figure was highest for consumers of mixed 
diets. No differences in baseline GHGE were discern-
ible between groups. At follow-up, distributions did not 
change (Fig. 3B).

Figures  2C-D and 3C-D present the distributions of 
each outcome according to the frequency of consumed 
cafeteria meals. Neither mean PHDI nor mean GHGE 
differed by the frequency of consumed cafeteria meals at 

Fig. 1  Flow chart of final sample
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Table 1  Characteristics of 190 hospital employees at baseline and follow-up by intervention group

Data are shown as n (%), p-values were calculated by Chi-square test. * Coded as missing for Chi-square test·

Characteristics Baseline Follow-up

Control Intervention p Control Intervention p

n 98 92 98 92

Age (years) 0·19 0·26

18–29 12 (12·24%) 20 (21·74%) 11 (11·22%) 19 (20·65%)

30–39 31 (31·63%) 24 (26·09%) 32 (32·65%) 24 (26·09%)

40–49 25 (25·51%) 14 (15·22%) 24 (24·49%) 15 (16·30%)

50–59 21 (21·43%) 25 (27·17%) 22 (22·45%) 24 (26·09%)

60–79 9 (9·18%) 9 (9·78%) 9 (9·18%) 10 (10·87%)

Gender 0·25 0·46

Male 35 (36·08%) 26 (28·26%) 33 (34·38%) 27 (29·35%)

Female 62 (63·92%) 66 (71·74%) 63 (65·63%) 65 (70·65%)

Diverse * 1 2

Marital status 0·49 0·14

Single or short-term relationship 34 (34·69%) 38 (41·76%) 33 (33·67%) 43 (46·74%)

Single after long relationship 3 (3·06%) 4 (4·40%) 3 (3·06%) 4 (4·35%)

In a long-term relationship 61 (62·24%) 49 (53·85%) 62 (63·27%) 45 (48·91%)

Missing 1

Monthly income per household (€) 0·81 0·13

0 < 20,000 4 (4·08%) 7 (7·61%) 2 (2·11%) 6 (6·67%)

20,000 < 60,000 29 (29·59%) 29 (31·52%) 36 (37·89%) 32 (35·56%)

60,000 < 100,000 28 (28·57%) 24 (26·09%) 20 (21·05%) 26 (28·89%)

 ≥ 100,000 21 (21·43%) 16 (17·39%) 27 (28·42%) 14 (15·56%)

"No answer “ 16 (16·33%) 16 (17·39%) 10 (10·53%) 12 (13·33%)

Missing 3 2

Educational degree 0·02 0·33

High: Higher education or higher vocational training 63 (64·29%) 56 (60·87%) 61 (62·24%) 56 (60·87%)

Medium: A levels or completed vocational training 26 (26·53%) 35 (38·04%) 28 (28·57%) 32 (34·78%)

Low: Secondary School/GCSE without vocational training 9 (9·18%) 1 (1·09%) 9 (9·18%) 4 (4·35%)

Number of children in household 0·08 0·09

0 60 (61·22%) 70 (76·09%) 58 (59·1%8) 68 (73·91%)

1 16 (16·33%) 8 (8·70%) 19 (19·39%) 10 (10·87%)

 ≥ 2 22 (22·45%) 14 (15·22%) 21 (21·43%) 14 (15·22%)

Age of youngest child (years) 0·29 0·26

no children 48 (48·98%) 51 (56·04%) 46 (46·94%) 51 (56·04%)

0 < 10 18 (18·37%) 15 (16·48%) 20 (20·41%) 16 (17·58%)

10 < 18 16 (16·33%) 6 (6·59%) 13 (13·27%) 5 (5·49%)

18 < 30 11 (11·22%) 14 (15·38%) 13 (13·27%) 16 (17·58%)

 ≥ 30 5 (5·10%) 5 (5·49%) 6 (6·12%) 3 (3·30%)

missing 1 1

Occupation 0·01 0·04

Student/Voluntary service 1 (1·02%) 9 (9·78%) 2 (2·04%) 8 (8·79%)

Employee or civil servant 97 (98·98%) 83 (90·22%) 96 (97·96%) 83 (91·21%)

missing 1

Moderate intensity physical activity (h/week) (self-reported) 0·69 0·21

 < 1 25 (25·51%) 19 (20·65%) 23 (23·47%) 13 (14·13%)

1 < 2·5 34 (34·69%) 39 (42·39%) 34 (34·69%) 44 (47·83%)

2·5 < 5 27 (27·55%) 25 (27·17%) 30 (30·61%) 27 (29·35%)

 ≥ 5 12 (12·24%) 9 (9·78%) 11 (11·22%) 8 (8·70%)
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baseline between intervention groups. At follow-up, the 
distribution of PHDI remained stable among infrequent 
consumers (1–5 times per week, n = 45), while the group 
of frequent consumers (≥ 6 times per week, n = 1) showed 
increased PHDI. This was not observed for GHGE. There 
were no differences between groups. PHDI correlated 
inversely with GHGE at baseline (r = -0·53; p < 0·0001) 
and at follow-up (r = -0·49; p < 0·0001).

Among individuals in the intervention group 
who consumed the vegan menu 3  times per week, 
the mean increase in PHDI points was greatest 
(n = 21, + 1·76 points), followed by individuals with con-
sumption 4–5 times per week (n = 8, + 1·63  points), 2 
times per week (n = 21, + 0·52  points), 1 time per  week 
(n = 29, -0·24 points), and never (n = 12, -0·33 points). 
There was no correlation with GHGE.

Intervention effects on the EAT‑Lancet planetary health 
diet index and GHGE
Table 2 shows the intervention effects from DID analy-
ses for PHDI and GHGE. After the intervention, mean 
PHDI increased in the intervention group by 0·55 score 

points and decreased in the control group by -0·06 
score points. In the crude Model 1, this translated into 
a DID of 0·62 (95% CI: -0·35, 1·58;p = 0·21). In the fully 
adjusted Model 3, this effect attenuated to DID = 0·54 
(95% CI: -0·51, 1·59; p = 0·31). Regarding mean GHGE, 
we observed an increase in groups from baseline to 
follow-up (Table  2). Still, the increase was smaller in 
the intervention as compared to the control group, 
translating into an overall DID in the crude Model 1 
of -0·03  kg  CO2eq./day (95% CI:-0·16, 0·10;p = 0·64). 
This effect estimate strengthened in Model 3 to -0·07 
kg CO2eq./day (95% CI: -0·22, 0·08;p = 0·34).

In the examination of individual food groups legumes 
exhibited significant mean increases in PHDI points 
(+ 0·48 points), grams (+ 15  g), and GHGE (+ 0·04 
kgCO2eq.). We also observed a significant reduction in 
potato consumption in grams, resulting in a significant 
increase in PHDI points. Within the dairy category, 
there was a significant decrease in score points. How-
ever, there was no significant increase in grams. Lastly, 
there were no significant changes in meat categories. 
In the analyses conducted for each outcome within the 
male and female participant groups, females showed 

Fig. 2  Distributions of the EAT-Lancet Planetary Health Diet Index (PHDI) by intervention groups at baseline and at endline. **mean value, (A) PHDI 
at baseline according to self-assigned dietary type at baseline, (B) PHDI at follow-up according to self-assigned dietary type at at baseline, (C) PHDI 
at baseline according to the frequency of consumed cafeteria meals at baseline, (D) PHDI at follow-up according to the frequency of consumed 
cafeteria meals at baseline
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increasing trends while males showed no trend. We did 
not observe any significant effects.

Sensitivity analyses
The propensity-score-weighted DID analysis (Model 4) 
provided similar results to those of Model 3 (Table  2). 
The random split yielded a DID estimate for PHDI of 
0·62 (95% CI: -0·37, 1·61; p = 0·22) and for GHGE of -0·05 
(95% CI: -0·18, 0·09; p = 0·49). Randomization inference 
showed that 20% of group re-samplings for PHDI (95%: 
CI 0·19, 0·21) and 64% of re-samplings for GHGE (95%: 
CI 0·62, 0·65) showed stronger effects than those meas-
ured in our experiment. The ITT analysis assigned par-
ticipants to groups according to the cafeteria where they 
completed the baseline questionnaire. For PHDI, the cor-
responding DID estimate was 0·62 score points (95% CI: 
-0·35; 1·58 p = 0·19) and for GHGE the DID estimate was 
-0·04 kg CO2eq./day (95% CI: -0·18, 0·09; p = 0·52). When 
restricting the analysis to the subgroup who comply with 
intervention assignment (86%), the LATE for PHDI was 
0·71 and for GHGE was -0·05.

Discussion
In this quasi-experimental study, we introduced vegan 
menus and educational material on sustainable diets in 
a cafeteria of a large German hospital over a period of 
three months. We compared the changes in adherence 
to the EAT-Lancet PHDI and in GHGE between hospi-
tal employees consuming their meals in the intervention 
and the control cafeterias. Individuals with self-assigned 
plant-based dietary practices showed higher PHDI score 
points and lower GHGE than those consuming mixed 
diets. While the intervention effects using a DID analy-
sis were not significant, the PHDI tended to increase 
stronger in the intervention group than in the control 
group. A similar trend was seen for GHGE. Individu-
als consuming the vegan menu more frequently showed 
greater, but not significant, increases in PHDI than those 
never or rarely consuming the vegan menu.

Distributions of PHDI and GHGE
The mean PHDI of 25 points in this study was about 7 
points higher than the mean PHDI in a population-based 
cohort study with 43–73  year-olds in Sweden; which 
applied the same approach for PHDI construction [21]. 
The mean GHGE was 3·3  kg CO2eq./d, comparable to 

Fig. 3  Distributions of greenhouse gas emissions (GHGE) in kg/day by intervention groups at baseline and at endline. **mean value, (A) GHGE 
at baseline according to self-assigned dietary type at baseline, (B) GHGE at follow-up according to self-assigned dietary type at at baseline, (C) GHGE 
at baseline according to the frequency of consumed cafeteria meals at baseline, (D) GHGE at follow-up according to the frequency of consumed 
cafeteria meals at baseline
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Greenpeace’s estimation for consumers of meat 3–4 
times a week [29]. However, in order to stay within plan-
etary boundaries, our participants would have to achieve 
full points in all PHDI red meat and dairy categories and 
halve their GHGE [6].

The correlation between PHDI and GHGE in our 
study is imperfect; participants with high GHGE can 
attain high score points on the PHDI. This is because 
both outcomes operationalize different aspects of sus-
tainability. PHDI combines healthfulness with adher-
ence to six planetary boundaries in all relevant food 
categories, while GHGE characterize only one of those 
boundaries. The PHDI scoring system rewards high 
intakes of recommended foods and punishes high 
intakes of unrecommended foods. Further, the system 
is based on discrete steps from 0 to 3 points, and only 
accommodates changes within defined cut-offs for each 

food group. Reducing beef consumption from three 
times to once a week does not increase the score, as a 
points change is only awarded for consuming beef less 
than once a week. GHGE, on the other hand, is a con-
tinuous variable and is very sensitive to dietary changes 
regarding food groups with high GHGE, emphasizing 
the effects of diet on climate change.

Intervention effects on PHDI and GHGE
In this sample of 190 hospital employees, we saw trends 
for improved adherence to the PHDI and reductions in 
GHGE after the 3-months intervention period, but no 
significant effects. Descriptive analyses showed a slightly 
higher increase in PHDI among participants with self-
assigned vegetarian diet than individuals on vegan, pes-
catarian, flexitarian, and mixed diets. Participants with 

Table 2  Effects of the intervention on adherence to the Planetary Health Diet Index and on food-related greenhouse gas emissions 
from the difference-in-differences analysis among 190 hospital employees

Model 1: Unadjusted

Model 2: Adjusted for educational attainment

Model 3: Adjusted for educational attainment, number of children in the household, occupation

Model 4: weighted by propensity score
* Observations with missing covariates were imputed with the mode·

Outcomes Model 1 Model 2 Model 3 Model 4

Planetary Health Diet Index (0–42 score points)
  n 190 190 187 190*

Means at baseline
  Control (a) 24·74 23·81 22·16 24·72

  Intervention (b) 25·10 24·07 22·62 25·11

Means at follow-up
  Control (c) 24·68 23·11 22·80 24·72

  Intervention (d) 25·65 23·94 23·80 25·68

  Difference in intervention e = (d-b) 0·55 -0·13 1·18 0·57

  Difference in control f = (c-a) -0·06 -0·69 0·64 0·01

  Difference-in-differences 0·62 0·56 0·54 0·56

  95% confidence interval -0·35, 1·58 -0·41, 1·52 -0·51, 1·59 -0·41, 1·54

p-value 0·21 0·26 0·31 0·25

Greenhouse gas emissions (kg CO2e/day)
  n 180 177 180*

Means at baseline -

  Control (a) 3·32 - 3·59 3·32

  Intervention (b) 3·29 - 3·60 3·29

Means at follow-up -

  Control (c) 3·37 - 3·58 3·37

  Intervention (d) 3·31 - 3·52 3·31

  Difference in intervention e = (d-b) 0·02 - -0·08 0·01

  Difference in control f = (c-a) 0·05 - -0·01 0·05

  Difference-in-differences -0·03 - -0·07 -0·03

  95% confidence interval -0·16, 0·10 - -0·22, 0·08 -0·16, 0·10

p-value 0·64 - 0·34 0·64
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high PHDI at baseline might have had lower capacity to 
improve than individuals with low baseline values.

The significant increase in consumption of legumes 
suggests beneficial effects attributable to our interven-
tion. Since there were no significant differences in the 
consumption of dairy and meat products, we infer that 
participants may have compensated for reduced con-
sumption in these categories at home or that reported 
intakes for these categories were imprecise. This may be 
due to the detailed breakdown of individual components 
within dairy and meat categories (dairy: 10, meat: 13) 
compared to the legume category (4 components), mak-
ing it easier for participants to lose track of total intake. 
Ultimately, our GHGE calculation highlighted that an 
increase in legume consumption without a concurrent 
reduction in meat and dairy production does not result 
in decreased emissions.

The study sample size was small as it was not calculated 
for the outcomes of this paper and the proportion of indi-
viduals lost to follow-up was large (72%). Even though the 
numbers were similar between groups, arguing against 
selection bias, we run into the possibility of type II error 
with insufficient power to detect an effect.

Furthermore, previous facility-based diet interventions 
(FBDI) have had longer durations (6 months to 2 years) 
or included individual counselling [18]. We did not con-
sider counselling to be an appropriate means for the pre-
sent intervention programme due to its high demand for 
human resources. Nevertheless, it appears plausible that 
participants with high mitigation capacity, namely con-
sumers of vegetarian, flexitarian, and mixed diets will 
develop stronger PHDI adherence over a longer interven-
tion period. In our intervention group, 18–33% of flexi-
tarians and mixed diet consumers felt motivated by the 
cafeteria menu to adopt more sustainable dietary prac-
tices at home. However, according to the transtheoretical 
model multiple months to years are required to transition 
from the stage of contemplation into the stage of action 
[11].

Information materials and practical tips, as provided in 
the second component of our intervention, are valuable 
resources for promoting the transition to action because 
willingness and capacity to change are associated with 
knowledge [14]. To transfer to more sustainable diets, 
consumers need to know that the percentages of animal 
and plant-based foods in a diet are the most important 
determinants of sustainable diets. In particular, due to 
the short duration of our intervention, our educational 
component did not unfold its full potential. Future stud-
ies with longer durations should invest in a more strate-
gic implementation of this component.

Finally, we speculate that the intervention programme 
was not fundamental enough. In fact, we still offered 

meat-and-fish menus in the intervention cafeteria. Con-
sequently, participants in the intervention group may 
not have been subjected to large dietary changes. The 
effect of the intervention in the group who never con-
sumed the vegan menu was equivalent to control condi-
tions. Indeed, we found higher increases in mean PHDI 
at higher consumption levels of the vegan menu. To 
maximise the intervention effects, future studies should 
concentrate on actively engaging participants who do not 
initially choose vegan options.

Strengths and limitations
To date, intervention studies targeting vegan or sustain-
able consumption in a collective meal context have been 
scarce, often lack a robust study design, have focused on 
labelling, prompting, and education [30], and have not 
increased the availability of sustainable menus. While a 
recent study reported a 45% increase in consumption of 
vegetarian dishes after a FBDI for more plant-based diets, 
there have been no studies reporting effects on individual 
diets using a priori indices [31]. Also, previous studies 
lack a common definition of sustainable diets and meas-
ure diverse outcomes [32]. This is the first report on the 
effects of an FBDI on the sustainability of consumers’ 
diets measured by the PHDI and GHGE.

Using semi-quantitative FFQ data allowed us to rank par-
ticipants according to their adherence to an a priori index 
for sustainable diets. Of the currently available diet indices, 
the Stubbendorff index shows the best performance when 
estimating health and environmental impacts of diets [33]. 
We acknowledge that self-reported dietary data from FFQs 
can be subject to recall bias and underreporting. In addi-
tion, this FFQ has not been validated yet. Still, this does not 
affect the results of our DID analysis, given that all partici-
pants carry the same measurement error.

Food choices are influenced by many different factors 
in addition to the food environment [8]. We have con-
trolled for confounders, observed and unobserved, by 
means of the DID analysis. Yet, in contrast to randomized 
controlled trials, DID analyses rely on the common 
trends assumption [25]. While we could not statistically 
validate this assumption in our study, conceptual argu-
ments, similar distributions of covariates and between-
group distributions of the outcome variables at baseline 
favour this assumption.

Lastly, there was the possibility of spill-over effects 
through switching between cafeterias and exchang-
ing information between employees. This might have 
diluted the actual intervention effects, as could be seen 
in ITT and LATE. Also, ITT analysis and LATE provided 
stronger estimates for outcomes. This could be due to a 
high proportion of those participants already consuming 
sustainable diets switching to the intervention group.
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Research prospects
Future research in this area should focus on the sus-
tained effects of FBDIs on both health and environmen-
tal parameters. When performing short-term FBDIs, 
we propose limiting research to an accurate estimation 
of changes in food categories with high environmen-
tal impact. We believe that the PHDI is only a sensitive 
evaluation tool for evaluating FBDIs affecting all daily 
meals and with long durations because quite radical 
diet changes in multiple food categories are necessary 
to substantially increase PHDI. A separate analysis of 
changes in high-impact food categories is indispensable. 
To increase the accuracy of food reporting, we propose 
interviewer administered FFQs and a re-evaluation ques-
tion on the total intake of each food category at the end 
of questioning.

While the promotion of plant-based and sustainable 
diets is an emerging field, it can draw on long-standing 
experiences from related fields, such as weight-loss and 
healthy diet interventions [30]. Future studies can use our 
intervention design as a starting point. However, to ani-
mate consumers not initially adopting sustainable food 
options, interventions should have longer durations and 
be progressively intensified. This could be accomplished 
by limiting unsustainable food options, increasing vegan 
options for all meals and vigorously escalating the edu-
cational component. Future studies could also make fur-
ther investigations into differences in effects depending 
on gender. Including multiple study sites could provide 
a larger sample size and greater diversity, enhancing the 
generalizability of findings.

Conclusion
This study contributes to bridging the evidence gap on 
effective strategies to promote sustainable diets and may 
serve as a starting point for similar contexts. The findings 
of this study reflect underlying mechanisms of the tran-
stheoretical model and observations from previous stud-
ies, strengthening the hypothesis that facility-based 
approaches can be applied for the promotion of sustain-
able diets. We encourage future research on the most 
effective strategies to change global eating patterns. In 
conclusion, Antonio Guterres’ climate change invocation: 
“If we don’t act now, this century will be one of human-
ity’s last. We can build a safer, fairer, more resilient world. 
But we need to act quickly [34].”
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