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Abstract 

Background Vegan diets have recently gained popularity in Switzerland as well as globally. The aim of the present 
study was to develop a diet quality score for vegans (DQS‑V) based on the Swiss dietary recommendations for vegans.

Methods The dataset included 52 healthy vegan adults. Dietary intake data were assessed by three‑day weighed 
food records. Body weight and height were measured, and a venous blood sample for the analysis of vitamin 
and mineral status was collected. Spearman rank correlation coefficients were used due to not‑normally distributed 
data. Dietary patterns were identified using principal component analysis (PCA).

Results The DQS‑V score (mean ± SD) was 48.9 ± 14.7. Most vegans adhered to the recommended portions of veg‑
etables, vitamin C‑rich vegetables, fruits, omega‑3‑rich nuts, fats and oils, and iodized salt. However, the intake 
of green leafy vegetables, vitamin C‑rich fruits, wholegrains, legumes, nuts and seeds, selenium‑rich nuts, zero caloric 
liquid, and calcium‑fortified foods was suboptimal. The sample overconsumed sweet‑, salty‑, fried foods, and alcohol. 
The DQS‑V had a significantly positive correlation with intakes of fibre, polyunsaturated fatty acids, potassium, zinc, 
and phosphorus intakes (p’s < 0.05) but was negatively correlated with vitamin B12 and niacin intakes (p’s < 0.05). 
Two dietary patterns were derived from PCA: 1) refined grains and sweets and 2) wholegrains and nuts. The correlation 
between the DQS‑V and the first dietary pattern was negative (− 0.41, p = 0.004) and positive for the second dietary 
pattern (0.37, p = 0.01). The refined grains and sweets dietary pattern was inversely correlated with beta‑carotene status 
(− 0.41, p = 0.004) and vitamin C status (r = − 0.51, p = 0.0002).

Conclusion The newly developed DQS‑V provides a single score for estimating diet quality among vegan adults. 
Further validation studies examining the DQS‑V in relation to an independent dietary assessment method and to bio‑
markers of nutritional intake and status are still needed before the general application of the DQS‑V.
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Introduction
Veganism has recently gained popularity in Switzer-
land and other high-income countries [1–3]. Besides 
its positive environmental effect, the diet is associated 
with a reduced risk of several chronic diseases [4–8]. 
However, some data suggest that vegans and vegetar-
ians have a higher risk of strokes [7] and fractures, espe-
cially hip fractures [9]. Compared to omnivores, vegans 
have higher intakes of fibre, vitamin C and magnesium, 
but risk deficiencies in several critical nutrients including 
vitamin B12, calcium, iron, zinc, and vitamin D [10, 11]. 
However, most available studies comparing the nutrition 
and health status of vegans with those of omnivores have 
not considered vegan diet quality [4, 12–14].

Accumulating evidence suggests that vegan diets are 
heterogeneous in terms of diet quality. For example, in 
an Argentinian population the intake of food groups var-
ied among vegans, with 30% consuming less than two 
servings of fruit per day and 10% consuming more than 
five servings of sweets per day [15]. Another study from 
the United Kingdom identified four distinct dietary pat-
terns among vegans that ranged from traditional and 
health-conscious diets, to vegan convenience diets with 
large quantities of ready-to-eat processed foods [16], 
highlighting the need for further dietary pattern studies 
among vegans. A cross-sectional study in Brazil reported 
that sugar-sweetened beverages and ultra-processed 
foods were consumed by 15% and 11% of the vegans, 
respectively, and the consumption of sugar-sweetened 
beverages and ultra-processed food was associated with 
overweight in this population [17].

Diet quality scores are a composite indicator of diet 
quality, where adherence to an a priori set of food and 
nutrient components is reflected in a single score [18]. 
Examples for such diet quality scores in the general pop-
ulation are the Alternate Healthy Eating Index (AHEI-
2010) [19], the Mediterranean Diet Score (MDS-1995) 
[20], the Lacto-Vegetarian Diet Quality Index [21], and 
the Global Diet Quality Screener [22]. As these scores 
also consider a variety of animal-based foods, they do not 
focus on at-risk nutrients for vegan diets. In an omnivo-
rous diet, some nutrients are found in major food groups, 
i.e. calcium in dairy products; whereas on a vegan diet, 
these micronutrients must be derived from different 
food sources, i.e. green leafy vegetables, tofu, legumes, 
and fortified foods [23]. Therefore, it is crucial that a diet 
quality score covers vegan-specific food groups.

To date, a diet quality score for vegans does not exist. 
Such a tool is urgently needed for research purposes and 
clinical practice to evaluate the diet quality of the grow-
ing vegan population. Therefore, the aim of the present 
study was to develop a diet quality score for vegans 
(DQS-V) based on the Swiss dietary recommendations 

for vegans. We also aimed to evaluate the adherence of 
a vegan sample to these recommendations and exam-
ine the associations between the DQS-V with nutrient 
intakes and plasma concentrations of carotenoids and 
vitamin C, which are well-established biomarkers of fruit 
and vegetable intake [24, 25]. Finally, we aimed to identify 
distinct data-driven vegan dietary patterns.

Methods
Study population
For this study, we drew upon a dataset that was col-
lected by the Human Nutrition Laboratory, ETH Zurich, 
and the Swiss Vitamin Institute in 2011 [11]. The data-
set included 52 healthy adult subjects between the ages 
of 18 and 50 years, who had followed a vegan diet for at 
least one year prior to the study (except for two individu-
als who followed a vegan and vegetarian diet for five and 
six months, respectively). Participants were asked to stop 
any supplementation for at least two weeks prior to the 
start of the study. Pregnant and lactating women, par-
ticipants with a chronic disease or who had undergone 
surgery less than three months prior to the study, were 
excluded. Participants were recruited in the areas of 
Lausanne and Zurich through advertisements in schools, 
restaurants, and shops. Signed written informed con-
sent was obtained from each participant. The study was 
approved by the Ethical Committees of ETH Zurich and 
the Canton of Vaud. The Ethics Commission of the Can-
ton of Bern approved the further use of the data without 
consent.

Data collection
Vitamin and mineral assessment
After an overnight fast, the participants visited the Swiss 
Vitamin Institute or the ETH in Zurich where their body 
weight and height were measured, and urine samples col-
lected. Further, a venous blood sample of approximately 
25 ml was drawn for vitamin and mineral status analysis. 
Serum concentrations of Vitamin C were measured by 
HPLC with an electrochemical detector [26] and beta-
carotene by isocratic liquid chromatography [27].

Dietary and lifestyle assessment
To assess dietary intake, a three-day weighed food record 
was completed over three non-consecutive days during 
the week (two weekdays and one weekend day) after the 
day of blood collection. Participants were given kitchen 
scales for weighing their consumed foods and beverages. 
Participants filled in questionnaires at home assessing 
lifestyle factors such as their physical activity, alcohol, 
and tobacco consumption. Nutrient intake was calculated 
by a nutritionist using the software EBISpro (version 
2011; University of Hohenheim, Stuttgart, Germany).
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Development of the Swiss dietary recommendations 
for vegans
The Swiss dietary recommendations for vegans were 
recently released by the Swiss Working Group for Veg-
etarian Diets. The working group consisted of the first 
author (NSB) and six other qualified nutritionists who 
specialize in vegetarian nutrition, and who are members 
of the Swiss Association of Registered Dietitians (SVDE). 
The dietary recommendations for vegans were devel-
oped based on various national and international expert 
opinions, including the position papers of Switzerland, 
Germany, Italy, and the United States [1, 28–30]. Other 
organizations such as the Swiss Society for Nutrition and 
the Federal Office of Food Safety and Veterinary Affaires 
were also consulted [31, 32]. The Giessen Vegan Pyramid 
[33] and various food protocol calculations were used to 
estimate the recommended portion sizes per food group. 
The food pyramid of the Swiss dietary recommendations 
for vegans is shown in Fig. 1, and further details on the 
recommendations are found in Additional file 1.

Development of the DQS‑V
The a priori diet quality score for vegans (DQS-V) was 
developed based on the Swiss dietary recommendations 
for vegans (Fig.  1). The DQS-V was structured accord-
ing to the criteria of Burggraf and colleagues [34] where 

eleven major food groups were formed and categorized 
into three diet components: (1) adequacy and quality 
(nine food groups), (2) moderation (one food group), and 
(3) overall balance (one food group) (Table 1). The ade-
quacy and quality category included seven whole foods: 
vegetables, fruits, starchy foods, legumes, nuts and seeds, 
fats and oils, and zero caloric drinks; and two recom-
mended fortified products (calcium-fortified foods, and 
iodized salt). The moderation category included sweet-, 
salty-, fried foods & alcohol and the overall balance cat-
egory included the recommended protein ratio, since 
protein is an at-risk nutrient in a vegan diet [1]. The seven 
whole foods were further divided into six subgroups: a. 
green leafy vegetables, b. vitamin C-rich vegetables, c. 
vitamin C-rich fruits, d. wholegrains, e. selenium-rich 
nuts, and f. omega-3-rich nuts, seeds and oils. Each 
food group was assigned a score of 0, 2.5, 5 or 10 based 
on the respective recommendations, which resulted in a 
possible DQS-V between 0 and 100, with a higher score 
reflecting higher adherence to the recommended diet for 
vegans, and thus better diet quality (Table 1).

Statistical analysis
For each participant, all food items reported in the three-
day food records were assigned to one of the food groups 
listed in (Table  1). Subsequently, the daily food group 

Fig. 1 Swiss dietary recommendations for vegans – The vegan food pyramid
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intakes were calculated by determining the mean intake 
of the three days. Data distribution was visually checked 
for normality using histograms and QQ-Plots. A t test 

was used to determine if there was a significant differ-
ence in the DQS-V between sex. All dietary variables 
were expressed per 1000 kcal. Spearman rank correlation 

Table 1 The diet aspects and food groups that make up the DQS‑V scoring system, labelled as a whole number (11 food groups) with 
the sub‑groups identified with a letter (i.e. a. Green leafy vegetables)

BW Body Weight
a Not listed in the recommendation; however, they also contribute to a better non-hem iron absorption like the recommended vitamin C-rich fruits [35]
b One serving of a food item was defined in terms of specific portion size, according to the Swiss dietary recommendations [36]
c Iodized salt has most likely been underreported. Therefore, the scoring was adjusted to a maximum score of 5 if they consumed any iodized salt (instead of the 
recommended 5 servings)
d Reassessment of protein requirement in adult men suggested 0.93 and 1.2 g/kg/day and therefore a higher intake than the current Swiss protein intake 
recommendation of 0.8 g/kg/day [37]

Diet aspects Food Group Recommendations Service size (g) Scoring Criteria Scoring

Adequacy and quality 1. Vegetables 3 servings 100–150  < 1 serving
1‑ < 3 servings
 ≥ 3 servings

0
2.5
5

 a. Green leafy vegetables 1 serving 100–150  < 1 serving
 ≥ 1 serving

0
2.5

 b. Vitamin C‑rich vegetablesª 1 serving 100–150  < 1 serving
 ≥ 1 serving

0
2.5

2. Fruits 2 servings 120  < 1 serving
1‑ < 2 servings
2 servings

0
2.5
5

 c. Vitamin C‑rich fruits 1 serving 120  < 1 serving
 ≥ 1 serving

0
5

3. Starchy foods 3 servings 60/100/125/240b  < 1 serving
1‑ < 3 servings
 ≥ 3 servings

0
2.5
5

 d. Wholegrains 1.5 servings 60/100/125/240b  < 50%
 ≥ 50%

0
5

4. Legumes 3 servings 65/160b  < 1 serving
1‑ < 3 servings
 ≥ 3 servings

0
5
10

5. Nuts & seeds 2 servings 22.5  < 1 serving
1‑ < 2 servings
 ≥ 2 servings

0
2.5
5

 e. Selenium‑rich nuts 1 serving 22.5  < 1 serving
 ≥ 1 serving

0
5

6. Fats & oils 2 servings 10/50b  < 1 serving
1‑ < 2 servings
 ≥ 2 servings

0
2.5
5

 f. Omega‑3‑rich nuts, seeds & oils 1 serving 22.5/10/50b  < 1 serving
 ≥ 1 serving

0
5

7. Zero caloric drinks 6–8 servings 250  < 2 servings
2‑ < 6 servings
 ≥ 6 servings

0
5
10

8. Calcium‑fortified foods 1 serving 200/500b  < 1 serving
 ≥ 1 serving

0
5

9. Iodized salt  > 0 serving 1 0 serving
 > 0 serving c

0
5

Moderation 10. Sweet‑, salty‑, fried foods & alcohol Max. 1 serving 50/150/200b  ≤ 1 serving
 > 1, < 2.5 servings
 ≥ 2.5 servings

10
5
0

Overall balance 11. Protein ratio (g/kg BW)  ≥ 1 g/kg  KGd –  < 0.8
0.8–1
 ≥ 1

0
5
10

Total Score 100
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coefficients were used for not-normally distributed 
intakes. Dietary patterns were identified using princi-
pal component analysis (PCA) on the following 16 log 
transformed food groups: green leafy vegetables, vitamin 
C-rich vegetables, other vegetables, vitamin C-rich fruits, 
other fruits, wholegrains, refined grains, white bread, 
wholegrain bread, nuts and seeds, legumes, fats and oils, 
sugar-sweetened beverages, sweet and salty snacks, tea 
and coffee and alcoholic beverages. Two major dietary 
patterns were retained, explaining a combined 42% of the 
total variance of intake. All statistical analysis were per-
formed using Stata (version 17; StataCorp., College Sta-
tion, TX, USA).

Results
Participant characteristics
There were 52 participants who completed the three-day 
food records, of which 32 (61.5%) were women and 20 
(38.5%) were men (Fig.  2 and Table  2). The median age 
of the participants was 29 years, and the median BMI 
was 21.6 kg/m2. Participants reported following a vegan 
diet for a median duration of three years. The mean ± SD 
DQS-V was 48.9 ± 14.7. The mean ± SD DQS-V per 1000 
kcal was 21.8 ± 6.1, whereby women tended to have a 
higher score (23.0 ± 6.6) than men (19.9 ± 4.7, p = 0.077). 
The calculated macronutrient intake and the micronutri-
ent status are shown in Table 2.

Intake of each food group and recommendations met
The median intake of each food group in grams is pre-
sented in Table 3. Overall, the participants consumed the 

recommended portions for vegetables, vitamin C-rich 
vegetables, fruits, starchy foods, fats and oils, and iodized 
salt. The participants consumed more than half of the 
recommended portions of legumes, nuts and seeds, 
selenium-rich nuts, and zero caloric liquid. The intake of 
green leafy vegetables, vitamin C-rich fruits, wholegrains, 
omega-3-rich nuts, fats and oils, and calcium-fortified 
foods was less than half of the recommendations.

The percentage of participants who met the recom-
mendations for each food group are depicted in Fig.  2. 
Most of the participants met the recommendations for 
vitamin C-rich vegetables (80.8%), fruits (76.9%), and 

Fig. 2 Percentage of participants who reached the recommendations for each food group (n = 52)

Table 2 Demographic and anthropometric characteristics 
of the total vegan sample (N = 52) and their median energy, 
macronutrient, biomarker, and DQS‑V values

BMI Body Mass Index (kg/m2), DQS-V Diet Quality Score for Vegans

Sample Characteristics N = 52

Age median (range) 29 (18–49)

Female n (%)
Male n (%)

32 (61.5)
20 (38.5)

BMI median (range) 21.6 (15.6–28.2)

Years on Vegan diet median (range) 3.0 (0.42–18)

Energy Intake median (range) 2151 (1219–3796)

Carbohydrate intake %, median (range)
Protein intake %, median (range)
Fat intake %, median (range)

54.8 (29.6–87.6)
10.8 (6.6–17.3)
32.0 (5.6–56)

Beta‑carotene status nmol/L, median (range) 4046.5 (1953–8458)

Vitamin C status µmol/L, median (range) 74.1 (29.1–167.6)

DQS‑V median (range) 47.5 (15–80)
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vegetables (67.3%). More than 50% of the participants 
met the recommendations for omega 3-rich nuts, fats and 
oils (57.7%), and iodized salt (55.8%). Half or less of the 
participants met the recommendations for protein ratio 
(42.3%), nuts and seeds (40.4%), vitamin-C-rich fruits 
(30.8%), sweet-, salty-, fried food and alcohol (26.9%), and 
zero caloric liquid (26.9%). A quarter or less of the par-
ticipants met the recommendations for legumes (25%), 
wholegrains (23.1%), selenium-rich nuts (23.1%), fats and 
oils (21.2%), greed leafy vegetables (15.4%), and calcium-
fortified food (9.6%).

Correlation of the DQS‑V with nutrient intakes, 
and with food group intakes.
Correlations between the DQS-V and nutrient intakes 
per 1000 kcal are presented in Fig.  3. The DQS-V 
was positively correlated with the intakes of protein 
(r = 0.33, p < 0.05), fibre (r = 0.37, p < 0.01), polyunsatu-
rated fatty acids (PUFA) (r = 0.28, p < 0.05), sodium 
(r = 0.30, p < 0.05), chloride (r = 0.31, p < 0.05), calcium 
(r = 0.28, p < 0.05), iron (r = 0.28, p < 0.05), zinc (r = 0.48, 
p < 0.01), and phosphorus (r = 0.39, p < 0.01). The DQS-V 
was inversely correlated with Vitamin B12 (r = − 0.43, 
p < 0.01).

Correlations between the DQS-V and food group 
intake per 1000 kcal are presented in Fig.  4. The 
DQS-V was positively correlated with the intake of veg-
etables (r = 0.32, p < 0.05), vitamin C-rich vegetables 

(r = 0.34, p < 0.05), wholegrains (r = 0.37, p < 0.01), leg-
umes (r = 0.32, p < 0.05) and zero caloric liquid (r = 0.30, 
p < 0.05). There was an inverse correlation between the 
DQS-V and the intake of sweet-, salty-, fried foods and 
alcohol (r = − 0.36, p < 0.01). Correlations between the 
DQS-V and the status of vitamin C (r = 0.09, p = 0.5), and 
beta-carotene (r = 0.21, p = 0.14) were not significant. 
Correlations by sex are shown in Additional files 2 and 3.

Derived dietary patterns
The PCA derived two dietary patterns, the first explain-
ing 26.5% of the variance which was characterized by 
high intakes of refined grains, white bread, legumes, 
potatoes, sweet and salty snacks, sugar-sweetened bever-
ages, tea and coffee, and low intakes of fruits. The second 
dietary pattern explained 15% of the variance and loaded 
highly on green leafy vegetables, wholegrains, wholegrain 
bread, oils and fats, as well as nuts and seeds. The factor 
loadings for the two dietary patterns are shown in Addi-
tional file  4. We labelled the first pattern refined grains 
and sweets and the second pattern wholegrains and nuts.

The correlations between the DQS-V per 1000 kcal 
and the refined grains and sweets (r = − 0.41, p = 0.004), 
and the wholegrains and nuts dietary pattern (r = 0.37, 
p = 0.01), were both significant. While the wholegrains 
and nuts pattern was not significantly correlated with 
serum biomarkers of fruit and vegetable intake, the 
refined grains and sweets pattern was inversely correlated 

Table 3 Food group intake in grams and portions consumed by the participants (N = 52)

* One serving of a food item was defined in terms of specific portion size, according to the Swiss dietary recommendations [36]

Food groups Recommendations (grams/
portions)

Grams consumed median 
(range)

Portions 
consumed 
median (range)

1 Vegetables 300–450/3 463 (112–1475) 3.7 (0.9–11.8)

a Green leafy vegetables 100/1 38 (0–267) 0.3 (0–2.1)

b Vitamin C‑rich vegetables 100/1 233 (52–611) 1.9 (0.4–4.9)

2 Fruits 240/2 314 (0–6963) 3.1 (0–58)

c Vitamin C‑rich fruits 120/1 40 (0–2563) 0.3 (0–20.5)

3 Starchy foods 180–720*/3 290 (0–712) 3.0 (0–6.2)

d Wholegrains 90–360*/1.5 56 (0–376) 22.5 (0–100) (%)

4 Legumes 195–480*/3 253 (0–1075) 1.7 (0–7.1)

5 Nuts & seeds 45/2 32 (0–268) 1.4 (0–11.9)

e Selenium‑rich nuts 22.5/1 11 (0–151) 0.5 (0–6.7)

6 Fats & oils 20–100*/2 37 (0–295) 2.4 (0–9.3)

f Omega‑3‑rich nuts, fats & oils 22.5–50*/1 4 (0–75) 0.3 (0–3.3)

7 Sweet‑, salty‑, fried foods & alcohol  < 50–200* 285 (0–1293) 2.7 (0–10.6)

8 Zero caloric liquids 1500–2000/6–8 1362 (83–3533) 5.4 (0.3–14.1)

9 Calcium‑fortified foods 200–500*/1 0 (0–567) 0.0 (0–2.7)

10 Iodized salt  > 0 0.6 (0 – 7) 0.6 (0–7)

11 Protein ratio (range)  ≥ 1 g/kg KG – 0.9 (0.5–1.6)
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with beta-carotene (r = − 0.41, p = 0.004) and vitamin C 
(r = − 0.51, p = 0.0002).

Discussion
The aim of this study was to develop and evaluate a diet 
quality score for vegans (DQS-V) based on the Swiss 
dietary recommendations for vegans. In a sample of 52 
Swiss adults, the diet quality score ranged from 15 to 80 
with a mean score of 48.9 out of a possible total score 
of 100. The participants scored higher and thus met the 
recommendations, for the following food groups: veg-
etables, vitamin C-rich vegetables, fruits, starchy foods, 
and fats and oils. The DQS-V was positively correlated 
with the intake of vegetables, vitamin C-rich vegetables, 
wholegrains, legumes, zero caloric liquid, protein, fibre, 
PUFA, sodium, chloride, calcium, ferritin, zinc, and 
phosphorus. Using dietary pattern analysis, we identified 
two distinct vegan dietary patterns, a heathier pattern 
labelled wholegrains and nuts and an unhealthier pattern 
labelled refined grains and sweets. Together, our results 

show that there is variation in the diet quality of vegans, 
and there is capacity for a more healthful vegan diet.

Our results are in alignment with previous studies 
reporting variation in diet quality among vegans, based 
on various diet quality indices. For instance, Conrad et al. 
(2017) analysed a sample of 280 non-meat-eaters using 
the Healthy Eating Index-2010 (HEI-2010) and the Alter-
native Healthy Eating Index-2010 (AHEI-2010). The HEI-
2010 score ranged from a mean of 38 in quintile 1 to a 
mean of 90 in quintile 5. The AHEI-2010 score ranged 
from a mean of 32 in quintile 1 to a mean of 64 in quin-
tile 5, showing a wide range of scores in both indices. 
The mean score for the sample was higher when assessed 
against the HEI-2010, with a score of 72.8 out of 100, 
however, when the same sample was assessed against the 
AHEI-2010, they scored more closely to our study, 49.7 
out of 100 [38]. The HEI-2010 was composed of a higher 
weighting towards empty calories and a lower weighting 
towards vegetables and beans; whereas the AHEI-2010 
had equal scores for each of those food groups, as does 

Fig. 3 Spearman correlation between the DQS‑V and nutrient intakes (per 1000 kcal) *p value < 0.05
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the DQS-V. In another recent publication, an adapted 
Healthy Eating Index (HEI-Flex) was applied to a sample 
of 33 vegans who had a mean score of 61 out of 100 [39] 
which is also close to our result. However, the HEI-Flex 
assessed processed meat and dairy alternatives sepa-
rately from legumes and had a higher weighting towards 
energy-dense foods and drinks, as these were assessed 
through four food groups. In the current paper, however, 
the DQS-V had a higher weighting for the different types 
of vegetables (three food groups) and fruits (two food 
groups) as well as fortified foods (calcium-fortified food 
and iodized salt). The DQS-V also assessed the following 
foods as one food group: sweet-, salty-, fried food, and 
alcohol. Generally, the mean score between published 
indices varies due to their different components and 
scoring systems. Thus, comparison should be made with 
caution. In addition, the different indices should be seen 
as complementary to one another, rather than compara-
tive [38].

In the current study, the sample scored highest for the 
following food groups: vegetables, vitamin C-rich vegeta-
bles, fruits, starchy foods, and fats and oils. These results 
have also been depicted in other vegan samples [12, 39]. 
Specifically, our sample showed a higher intake of veg-
etables and fruits (6.8 servings) compared to the average 
Swiss population (3.3 servings) [40]. Several other studies 
reported a high intake of vegetables and fruits amongst 

vegans [16, 41–43]. Nevertheless, our results showed that 
the intake of green leafy vegetables was lower than the 
recommendations; this result aligns with another study 
using a sample of non-meat eaters [38]. In our study, 
intake of fruit ranged from 0 to 6963 g per day, with the 
wide range being explained by two of the participants 
in the sample reporting a diet composed of only fruits. 
These participants may have therefore been following 
a fruitarian diet. As for wholegrain intake, less than a 
quarter of the participants reached the recommendation 
(50% of the total starchy foods). Nevertheless, Farmer 
et al. (2011) reported that vegetarians have a higher who-
legrain intake (15.3%) than omnivores (9.1%) [44].

For legumes, only a quarter of the participants reached 
the recommendations. While the median consumption 
in our participants was 1.7 servings per day, this intake 
was higher than the average consumption of the Swiss 
population, which has been reported to be 5g [45]. In 
our assessment, legumes included various foods and bev-
erages, such as soy drinks and yoghurts, tofu, beans, as 
well as (ultra-) processed foods. The high volume and 
low density of protein in soy drinks may explain why the 
majority of the sample did not reach the recommenda-
tion of 1 g of protein per kg bodyweight per day. A recent 
systematic review supports our findings, as their results 
showed that the vegan population had the lowest protein 
intake in comparison with other diets [46]. The median 

Fig. 4 Spearman correlation between the DQS‑V and food groups (per 1000 kcal) *p value < 0.05
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fat and oil consumption was just above the recommenda-
tions of two servings per day. However, only 21.2% of the 
participants adhered to the recommendation, indicating 
that the majority consumed higher amounts of fat and oil 
than recommended. As for selenium-rich nuts, less than 
a quarter of the sample met the recommendations. While 
some studies show that vegans have a lower selenium 
intake or status than omnivores [47, 48], in our sample, 
selenium status in vegans was similar to the vegetarians 
and omnivores [11]. Finally, calcium and iodine forti-
fied foods were not frequently consumed, which might 
also be due to imprecise reporting of fortified foods in 
the food records. Intakes of sweets, salty, fried foods 
and alcohol exceeded the recommendation by 1.7 serv-
ings per day, which aligns with the results of the national 
Swiss dietary assessment ‘menuCH’ study [49].

Using the data-driven approach to dietary patterns, 
there were inverse correlations between the refined grains 
and sweets pattern and the biomarkers beta-carotene and 
vitamin C, while there were no associations between the 
wholegrain and nuts pattern and the biomarkers. This 
indicates that vegan diets differ in their healthfulness, as 
has been suggested by another recent study [16]. Serum 
beta-carotene and Vitamin C are useful biomarkers for 
a high fruit and vegetable intake [24, 25]. In addition to 
a high fruit and vegetable intake contributing to a high 
score for DQS-V, a high score could also be reached 
by high intakes of wholegrains and legumes. This may 
explain the lack of correlations between the DQS-V and 
serum biomarkers of fruit and vegetables.

To summarize, our vegan sample showed low nutrient 
intakes of calcium, iodine, vitamin B12 and Vitamin D 
[11]. This could be explained by the insufficient intake of 
the food groups: green leafy vegetables, calcium-fortified 
foods and iodized salt, and the lack of supplementation 
of Vitamin B12 and Vitamin D. Further, our sample had a 
low intake of wholegrains, legumes, and nuts and seeds, 
as well as a high intake of sweet-, salty-, fried food and 
alcohol. This finding has also been observed in the study 
by Conrad et al. (2017), where the sample showed a wide 
range in the consumption of empty calories, legumes, 
and nuts [38]. Therefore, dietitians may need to empha-
size the intake of these food groups and the use of sup-
plements when counselling vegans.

Strengths and limitations
To our knowledge, this is the first study that has reported 
on the development of a diet quality score specifically 
for vegans. The data were collected via weighed food 
records, and this method has been shown to provide 
detailed intake data and reduce the risk of recall bias. In 
contrary, this method requires high literacy and moti-
vation which can lead to possible under-reporting [50]. 

Moreover, day-to-day variability in food intake exists as 
individuals consume different foods each day. A 3-day 
recording period might not be enough to capture usual 
nutrient intakes. The decision to use a three-day record-
ing approach was made with the intention of achieving a 
balance between capturing relevant dietary information 
and minimizing participant burden and fatigue, as stud-
ies have suggested that records exceeding 4 days often 
lead to unsatisfactory recalls and reduce data validity 
during the later days of a 7-day reporting period, unlike 
the data collected during the initial days [51]. However, 
it is likely that foods eaten less than once or twice a week 
have not been captured in our dietary assessment. In 
addition, our data lacked detailed information such as 
the type of mineral water, type of oil used for cooking or 
whether foods were fortified (i.e. iodine, calcium), which 
might have led to an inadequate micronutrient profile. 
Furthermore, important supplements in the vegan diet 
were not assessed and participants were asked to stop 
taking supplements two weeks before entering the study. 
Therefore, the DQS-V was not able to consider supple-
mentation of vitamin B12, vitamin D, and EPA/DHA, as 
recommended by the Swiss Working Group for Vegetar-
ian Diets. In addition, the data were collected in 2011 and 
the diet of vegans may have changed over the past dec-
ade. There is now a greater availability of processed and 
ultra-processed foods such as meat substitutes and dairy 
alternatives, that should be considered when assess-
ing vegan diets. Furthermore, the sample was small and 
included mainly young vegans living in urban areas, lim-
iting the external validity and the generalizability of our 
findings. Finally, the DQS-V was based on the Swiss 
dietary recommendations for vegans which focuses on 
foods that are encouraged for consumption. Thereby, 
we included only one food group that scores the intake 
of sweet-, salty-, and fried foods and drinks and alcohol 
together, which may have underestimated the impact of 
this food group on the total score.

Conclusion
This study developed and evaluated the DQS-V based 
on the Swiss dietary recommendations for vegans, pro-
viding a single score for estimating diet quality among 
Swiss vegan adults. The large range in the DQS-V and the 
resulting dietary patterns showed that diet quality varies 
considerably among vegans. Some vegans lacked adher-
ence to the dietary recommendations, which emphasizes 
the need to encourage vegans to consume specific food 
groups and to thoroughly assess their diet quality in die-
tetic counselling. Additional validation studies using an 
independent dietary assessment  method and biomark-
ers of nutritional intake and status are needed before the 
broad application of the DQS-V.
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