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Abstract: This study aims to investigate vegetarian and mixed diet type prevalences among distance
runners at running events around the world and associations with running-related patterns and
performance. Following a cross-sectional approach, linear regression analyses were carried out to
identify potential associations among body mass index (BMI), diet type, and average best performance
times of half-marathon and marathon events for males and females. From a sample of 3835 runners
who completed an online questionnaire, 2864 all-distance runners (age: 37 years; 57% females) were
included in inferential analyses and categorized into dietary subgroups according to self-reports:
994 vegans (34.7%), 598 vegetarians (20.9%), and 1272 omnivores (44.4%). Significant associations
were identified between kind of diet and best average time to finish (i) half-marathons in females
where vegans (p = 0.001) took longer than omnivores, (ii) half-marathons in males where vegans
(p < 0.001) and vegetarians (p = 0.002) took longer than omnivores, and (iii) marathons in males where
vegans (p < 0.001) and vegetarians (p = 0.043) averaged slower than omnivores. Increased units of
BMI (+1.0) in males influenced best runtimes: 2.75 (3.22–2.27) min slower for HM and 5.5 (5.69–4.31)
min slower for M. The present study did not take detailed confounders into account such as runner
motives or training behaviors; however, the results may provide valuable insight for running event
organizers, nutrition experts, coaches, and trainers advising runners who adhere to a general diet
type regarding the basic question of who participates in running events around the world.

Keywords: plant-based; diet; recreational; training; performance; running; half-marathon; marathon;
ultra-marathon

1. Introduction

Distance running is a highly popular sport and healthy activity with millions of
participants worldwide [1]. There are a variety of distance events (mainly 5 km, 10 km, half-
marathon, marathon, and ultra-marathons) to take part in for accommodating every interest
and physique [2]. Globally, a data report from the Strava 2021 Year in Sport, which included
95 million athletes, revealed that runners logged a total of 2.4 billion miles [3], and other
reports have found that more than 100 million Europeans and US Americans combined are
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active runners [4,5]. Among the top five greatest marathon events on the global scale, the
New York City Marathon ranks number 1, breaking the 50,000 benchmark with a total of
more than 50,770 starters [6]. With such great interest, it is not surprising that the World
Marathon Majors series includes six-city marathon events in Tokyo, Berlin, London, Boston,
New York, and Chicago, comprising a total of more than 221,000 participants at the starting
lines with over 180,000 completing all six events [7,8]. The massive participation and wide
sociodemographic variety make distance running a particularly interesting area within
endurance sports for scientific investigations [9].

According to the largest study of race results ever recorded up to 2018, running event
participation has increased by 57% over the last decade [10]. In addition, the average finish-
ing times have dramatically changed for females and males across race distances since 1986,
even though groundbreaking technologies such as ‘carbon fiber plate shoes’ from sports
companies may have led to the fastest marathon times ever recorded [10,11]. The slower
average run times are likely due to a shift in the main motives of running participation in
the direction of health (10%) and leisure (54%) instead of performance (36%) [12,13]. The
most vital motive for running across sexes and all ages is the general health orientation
and expectation of marked improvements to health [13,14], considering older runners at
or above the age of 50 mainly follow running regimes for health maintenance and for
preventing lifestyle diseases [15]. According to a recent survey conducted by ASICS, the
tremendous impact of the COVID-19 pandemic in societies worldwide appears to have
pushed the running motive shift even further toward the benefits for mental health [16].

As a natural low-intensive locomotion pattern, distance running requires, on the one
hand, the appropriate fuel to perform best and most comfortably, and—as outrunning
competitors is the goal of the sport—on the other hand, the motto, ‘higher, faster, further’
applies [13,17]. Nutrition is a basic variable to consider for every runner. Currently, the
inconsistency of recommendations on what to eat for athletes and for health is overwhelm-
ing among major sports and nutritional bodies, such as the American College of Sports
Medicine [18] or the British Dietetic Association [19]. However, in the world of running,
reports of general diet type categories prevail among athletes, such as vegan (plant-based,
excluding all animal products), vegetarian (partially plant-based, excluding animal flesh),
or omnivorous diets (inclusive of plant and animal sources, including animal flesh, fish,
dairy, egg, etc.) [20]. A current study that analyzed over 2 million Facebook posts across
132 countries found the sustainable, plant-based lifestyle interest as high as 18%, confirming
the increasing trends forecasted previously by major analysts [21].

While the popularity of plant-based kind of diets is spreading faster than expected [22],
anecdotal evidence among competitive athletes promoting vegan and vegetarian nutri-
tion may be driving this accumulation [17]. Hence, vegan–vegetarian diets are currently
booming in recreational and competitive sports [17]. Professional vegan endurance runners
include Fiona Oakes (ultra-marathon running, set her fourth marathon world record in
2018) [23] and Scott Jurek (set multiple records, including the fastest Appalachian Trail
completion of 2189 miles in 46 days, 8 h, 7 min in 2015) [24]. As cumulative evidence
connecting the safety and benefits of plant-based diets for endurance sports arises, the
consequence is that every social group or sports team will consist of at least one vegan
person or athlete [17,25].

It is often believed among the public that when prepping for long-distance events, it
is necessary to train with lengthy endurance runs the days and weeks before the planned
running event to meet the high workload demands [26,27]. Inadequately increasing the
training load may result in adverse health outcomes, including chronic pain and running-
induced injuries [28], rather than enhancing performance and guaranteeing success [1].
Considering the physical and physiological differences between male and female endurance
athletes [29], sex has been reported to be an indicator of training/racing behaviors and
nutritional patterns of endurance athletes [30,31]. Specifically, evidence shows that sex-
based differences in endurance performance may be influenced by race distance [32]
and diet type [33]. Regardless of sex, consultation with a specialized professional in
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running could be highly beneficial for health, training adaptations, and performance in
runners [34,35]. In this regard, it has been reported that endurance athletes of lengthy
distances, marathoners and ultra-marathoners, for example, are more likely to consult with
performance specialists such as sport scientists and sports medicine doctors [36].

A recent study found around 10% prevalence of vegan or vegetarian diets among
marathoners [37]. While there is an expanding prevalence of plant-based diets, notably
among endurance runners, there are only limited data considering this topic [38,39]. Given
the background numbers, plant-based athletes are no longer a fringe group, and thus,
the importance of providing data to overcome the lack of information as well as practical
knowledge for expanding individualized training and nutritional strategies appears to be
crucial to examine the associations between diet type and running-related characteristics in a
large sample of vegan and non-vegan endurance runners. To date, there have been several
studies conducted on endurance performance linked to vegan/vegetarian diets [12,25,40–44],
but the results are yet to be conclusive and have found little to no differences. Moreover,
investigations have also studied the training habits of distance runners among various race
lengths, whether distinctly [45,46] or comparatively [36,40]. However, no study has, to date,
examined the prevalence of different diet types among distance runners attending running
events worldwide and their associations with running performance concerning women
and men separately. Therefore, the present study aimed to investigate the prevalence,
sociodemographic, and anthropometric comparisons of endurance runners from anywhere
in the world and identify potential relationships with racing performance among females
and males following vegan and non-vegan diets based on a large sample. The present
investigation hypothesizes that there is a difference in best time racing performance at
half-marathon and marathon recreational events based on diet type.

2. Materials and Methods

With a cross-sectional design, The Nutrition and Running High Mileage (NURMI)
Study was arranged in three steps. It was created as a follow-up to a previous study
on vegan ultra-endurance mountain biking over eight consecutive stages [47,48] and is
considered the largest study of running in Europe (www.nurmi-study.com/en, accessed
on 14 September 2022). The methodology of NURMI Study Step 1 was described in detail
(ethics approval, participant recruitment, etc.) elsewhere [49]; in short, as preliminary
study using a cross-sectional approach, Step 1 aimed to evaluate the prevalence and basic
characteristics of running and racing behavior of vegan and non-vegan recreational runners
who are active in events (all distances, all levels from recreational to elite). The interested
reader is referred to all NURMI Step 1 publications for further details [36,38,40].

A short online survey offered in English and German within the NURMI Study
Step 1 had to be completed by participants. Although the core regions for study sample
recruitment were European countries, the NURMI Study’s information, including an online
survey, was spread across the globe for the international runner community. The survey was
introduced with a written procedural description, and informed consent of participants was
required to take part in the study. Afterwards, they completed the survey, which included
basic and complementary questions and controlled for diet type and running activity. Basic
questions were on sociodemographic attributes, current adherence to a specific diet type
(with a minimum adherence of at least six months), and distances being active in running
(training, races).

Along with the basic questions for the classification of participants, including
(i) adherence to current diet (mixed, vegetarian, vegan) along with its duration of ad-
herence and (ii) the preferred running distance for events, runners were asked to provide
complementary data about their sociodemographic and anthropometric characteristics,
food intake of specific items, dietary (inclusive fluid) intake on race days, weekly time spent
in running training), period of time to prepare for the main running event, aim of partaking
in a running race (performance vs. enjoyment approach), preparation strategies for com-
petition, event participation over several distances (<21 km, half-/full-/ultra-marathon),

www.nurmi-study.com/en
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number of successfully completed specific distances, and individual best runtime over
the respective distances. All basic and complementary data were collected based on a
self-report approach using online questionnaires. Diet quality and personal running moti-
vations were not included as a part of this investigation.

For successful study participation, five inclusion criteria were initially required to be
fulfilled in order to be included in the final sample: written informed consent (1), minimal
age of 18 years (2), Step 1 questionnaire completed (3), participating and completing at
least one running event over 5 km distance in the past two years (4), and being active
in running-related physical activities associated with the self-reported race distance (5).
Participants meeting all inclusion criteria were registered in the study to avoid a permanent
loss of valuable data, which aided in a larger sample and increased the data representation
provided for the current results.

For exclusion criteria, the BMI-associated approach based on the WHO [50,51] was
implemented to regulate for a minimum status of health and a minimal level of fitness
and further aid in enhancing the reliability of data sets. According to the WHO [50,51],
increased health risk results from a body mass index (BMI) higher than BMINORM (range:
18.50–24.90 kg/m2; that corresponds to achieving an optimum state of health) is specified
for co-morbidities at a BMI of 25.0–29.9 kg/m2 and moderate-to-severe co-morbidities at a
BMI > 30 kg/m2 [50,51]. Other health protective strategies besides running are required for
people with a BMI ≥ 30 to safely reduce body weight (BW) first [43]. Therefore, the calculated
BMI (BMICALC) was classified into three categories (kg/m2): ≤18.49 < BMINORM ≤ 25, and
participants with a BMI ≥ 30 were excluded. Additionally, as a second exclusion criterion
for the present investigation, runners must have reported their best time for completing a
half-marathon or marathon.

Dietary subgroup classification of participants was based on the following groups:
omnivorous (also known as the Western diet, includes no dietary restriction), vegetarian
(no consumption of meat or fish), or vegan (no consumption of products from animal origin:
meat, processed meat, fish, seafood, shellfish, milk, dairy products, eggs, or honey) [20].
Participants must have followed their respective diet for the minimum duration of 6 months
to be included in the omnivore, vegetarian, or vegan subgroup. Moreover, participants
were initially categorized into three subgroups regarding race distances: half-marathon
(HM), marathon (M), and ultra-marathon (UM, distances longer than a marathon). The
minimum ultra-marathon race completed was 50 km, and the longest race was 160 km.
To regulate for HM or M race completion, the participants best HM or M times were
checked and confirmed by random sample selection. In addition, 622 highly motivated
runners that had not successfully finished at least a half-marathon race before but instead
competed in shorter distances (<21 km, mainly 5 km, 8 km, and 10 km) provided accurate
and high-quality data. To avoid a permanent data loss of the shorter than half-marathon
distance runners, those who met all inclusion criteria were pooled together as an additional
race distance subgroup.

Statistical analysis was performed by the statistical software R version 4.1.1 (2021-08-10),
Core Team 2021 (R Foundation for Statistical Computing, Vienna, Austria). The descriptive
statistics were summarized using means and standard deviations (SD) as well as medians
and interquartile ranges (IQR).

Univariate analysis was used to describe the distribution of recreational runners
considering diet type and was conducted with the Chi-square test (χ2; nominal items)
and Kruskal–Wallis test (ordinal and metric items) to examine the association between
dietary subgroups (F distribution was used for approximation). Multiple linear regression
analyses were used to examine significant differences in performance of races (best time
over the half-marathon and marathon distances) and were stratified by sex, while BMI was
considered the potential confounder. Inspection of the graphs of predicted vs. residual
and normal Q-Q residual plot was performed to verify the assumptions of the regression
analysis. Dietary subgroup-related differences by race distance of runners are shown with
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effect plots stratified by sex (confidence interval set at 95% (95%-CI)); predictor effects and
95%-CI were calculated with the R effects package.

The statistical significance level was set at p ≤ 0.05.

3. Results

A total of 3835 runners submitted the survey with complete statements and a returning
response rate of 52% of all that started filling in the online survey. Of these, 43 participants
were excluded due to inconsistent or conflicting data sets, and 833 participants did not
meet the basic inclusion criteria, 95 of whom were excluded due to reporting a BMI of ≥ 30.
Ultimately, 2959 all-distance runners were considered the sample for descriptive analysis,
and 95 runners were excluded before regression analysis due to the lack of information
on running races and/or half-marathon and marathon best times. The final sample of
endurance runners in the statistical analysis included 2864 fit participants (57% female)
from around the world, including Europeans (n = 2789) primarily but also a total of
75 non-Europeans: North and South Americans (n = 70), Asians (n = 4), and one answer
was not specified. Figure 1 shows the flow of participants’ enrollment for the NURMI Study
Step 1.
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Figure 1. Participants’ enrollment and classification based on dietary subgroups. Omnivores—do not
impose any restrictions on themselves with regard to the origin of source of food. Vegetarians—consume
egg and/or dairy products but no flesh foods at all. Vegans—consume no foods and ingredients from
animal origin.
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The participants had a median age of 37 years (range 18–74), and 83% had a BMI
within the norm (n = 2394), while 5% and 12% were underweight (n = 138) and overweight
(n = 332), respectively. Regarding diet type, 2746 recreational runners (96%) correctly self-
reported their diet type, and 118 participants (4% overall) were relocated to the appropriate
diet type based on control questions: 7 self-reported vegan runners (4 to omnivores and
3 to vegetarian samples), as well as 111 self-reported vegetarians (all to the omnivores
subsample). Thus, 35% of the participants followed the vegan diet (n = 994), 21% of the
participants followed the vegetarian diet (n = 598), and 44% of the participants followed
the omnivorous diet (n = 1272). According to the participants race distance classification,
22% were <21 km runners (n = 622), 36% were half-marathoners (n = 1032), and 42%
were marathoners or ultra-marathoners (n = 1210). For training parameters, runners
reported a running frequency (e.g., number of days with running training sessions) of
3 days/week (range: 1–14 sessions), a weekly average of 43.3 (±7.3, range: 5–219.5)
kilometers, and an average weekly duration of 4.7 (±2.8, range: 0.6–24) hours. Some
participants (n = 96) completed a performance assessment as part of their training and race
preparation. The most common professional advice sought by participants was from a
trainer (n = 273), which was followed by a sport scientist (n = 35) and a sports medicine
doctor (n = 29). Before participating in a running event, 73% of the runners (n = 2103)
trained for 1–4 months, 22% (n = 624) trained for 4–8 months, and 5% (n = 137) trained for
nine months or more.

The runners reported their nutrient and liquid intake on competition day with the
highest response of adopting a different intake for competition day (n = 1119), which was
followed by a dietary intake that is the same for training days (n = 917), eating whatever
the individual feels like (n = 604), and the same intake as rest days or always (n = 224).
Participants reported the number of their completed events for each race distance; a
frequency of 1–2 completed events was most common across all distances (HM: n = 762; M:
n = 513; UM: n = 131), although many participants had completed between three and seven
events of a specific distance (HM: n = 730; M: n = 382; UM: n = 111), and some had completed
more than seven events of a specific distance (HM: n = 482; M: n = 248; UM: n = 40).

Significant between-group differences (Table 1) were observed for (i) sex (p < 0.001),
with most females following vegan or vegetarian diets and most males following an
omnivorous diet; (ii) age (p < 0.001), with the vegans being the youngest and omni-
vores being the oldest; (iii) BW (p < 0.001), in which vegetarians had the lowest median
BW (IQR 63, range: 40–98) and omnivores the highest (IQR 69, range: 40–105); (iv) BMI
category (p < 0.001), where vegetarians (87%), followed by vegans (85%) had the high-
est prevalence of BMI norm, the vegans were most prevalent (7%) among the under-
weight, and omnivores were the most prevalent (16%) among the overweight participants;
and (v) race distance (p < 0.001) where the most prevalent diet among the <21 km run-
ners was the vegan diet (41%), whereas the omnivorous diet was most prevalent among
half-marathon runners (42%) as well as (ultra-)marathoners (50%).

In Table 2, the best times on average to complete half-, full, and ultra-marathon events
are displayed by male and female runners across dietary subgroups.

We fitted a linear model (explaining 12% of the variability of HM and 11% of M distance
for BMI, and 11% of the variability of HM and 14% of M distance for diet type; p < 0.001) to
predict the marginal effect of BMI and kind of diet on female and male runner performance
of HM and M distance by average best runtime (minutes). Figure 2 displays the sex-specific
performance of best times for HM and M distances on average by dietary subgroups.
Significant relationships were found between sex and diet type in male and female runners’
best runtime on average at completing the HM and M distance.
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Table 1. Anthropometric Measurements and Demographics of Participants Displayed by Dietary
Subgroup.

Total
n = 2864
(100%)

Vegan
n = 994
(35%)

Vegetarian
n = 598
(21%)

Omnivore
n = 1272

(44%)
Statistics

World Region
European 2789 (97%) 940 (95%) 592 (99%) 1257 (99%)

Non-European 75 (3%) 54 (5%) 6 (1%) 15 (1%)

Sex
χ2

(2) = 87.58;
p < 0.001

Females 1628 (57%) 647 (65%) 381 (64%) 600 (47%)
Males 1236 (43%) 347 (35%) 217 (36%) 672 (53%)

Age 37 34 35 40 F(2, 2861) = 44.05;
p < 0.001(years; median) (IQR 17; 18–74) (IQR 15; 18–70) (IQR 17; 18–73) (IQR 17; 18–74)

Body Weight 66 64 63 69 F(2, 2861) = 50.89;
p < 0.001(kg; median) (IQR 16) (IQR 15) (IQR 14) (IQR 16)

Height 1.73 1.72 1.72 1.74 F(2, 2861) = 14.71;
p < 0.001(m; median) (IQR 0.13) (IQR 0.14) (IQR 0.13) (IQR 0.12)

BMICALC (kg/m2; median)
χ2

(4) = 69.45;
p < 0.001

BMINORM 2394 (83%) 842 (85%) 518 (87%) 1034 (81%)
<BMINORM 138 (5%) 68 (7%) 38 (6%) 32 (3%)
>BMINORM 332 (12%) 84 (8%) 42 (7%) 206 (16%)

Race Distance
χ2

(4) = 43.51;
p < 0.001

<21 km 622 (22%) 257 (26%) 142 (24%) 223 (18%)
HM 1032 (36%) 382 (38%) 215 (36%) 435 (34%)

M/UM 1210 (42%) 355 (36%) 241 (40%) 614 (48%)

Note: Results are shown as total numbers, percentage (%), and median (IQR) with range (min–max). BMICALC—Body
Mass Index calculated and categorized following the WHO [50,51]. BMINORM = 18.50–24.99; <BMINORM < 18.50;
>BMINORM ≥ 25.00. <21 km—less than half-marathon (mainly 5 km, 8 km, and 10 km). HM—half-marathon.
M/UM—marathon/ultra-marathon. p—p-value for difference among groups. χ2 statistic calculated by Pearson’s
Chi-squared test and F statistic calculated by Kruskal–Wallis test. Vegans—consume no foods and ingredients of
animal origin. Vegetarians—consume egg and/or dairy products but no flesh foods at all. Omnivores—do not
impose any restrictions on themselves with regard to the origin or source of food.

Table 2. Best average runtimes (minutes) of female and male runners displayed by dietary subgroup.

Females Vegan Vegetarian Omnivore
(N = 1628) (n = 647) (n = 381) (n = 600)

HM 122 ± 20.4 119.7 ± 19.4 118.3 ± 19.6
M 251.3 ± 42.6 249.3 ± 36.1 248.8 ± 35

UM 791.9 ± 213.3 779.7 ± 223.5 778.4 ± 146.8

Males Vegan Vegetarian Omnivore
(N = 1236) (n = 347) (n = 217) (n = 672)

HM 100.3 ± 17.7 100.7 ± 16.5 98.7 ± 17
M 213.6 ± 32 212.9 ± 33.3 210.5 ± 33.5

UM 742.9 ± 212.3 759.9 ± 162.4 725.1 ± 204
Note: Data are presented as mean ± standard deviation. HM—half-marathon; M—marathon; UM—ultra-
marathon. Vegans—consume no foods and ingredients of animal origin. Vegetarians—consume egg and/or dairy
products but no flesh foods at all. Omnivores—do not impose any restrictions on themselves with regard to the
origin or source of food.
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(CIs) and p-values were computed using the Wald approximation.

Compared to the main effect for best runtimes in male omnivores over the HM distance
(34.1 min (95%-CI: 45.3, 22.9)), we found vegans to take 4.76 min (95%-CI: 7.25, 2.27;
p < 0.001) and vegetarians 4.48 min (95%-CI: 7.35, 1.61; p = 0.002) longer to finish an HM on
average; over the M distance, male vegans were found to take 9.76 min (95%-CI: 15.5, 3.98;
p < 0.001) and vegetarians 6.99 min (95%-CI: 13.8, 0.21; p = 0.043) longer to finish an M on
average versus male omnivore marathon runners (81.6 min (95%-CI: 45.3–22.9). Omnivore
females on average finished both the HM (56.8 min (95%-CI: 67.7, 45.9); p < 0.001) and
M (108.0 min (95%-CI: 138.0, 77.4); p < 0.001) distance significantly faster than vegan
women at HM events (4.31 min (95%-CI: 6.91, 1.72); p = 0.001), but not vegetarian female
half-marathoners (2.69 min (95%-CI: 5.68, −0.3); p = 0.078), and also not over M distance
(3.5 min (95%-CI: 10.8, −3.76); p = 0.344), while female vegetarian marathoners finished
slowest (4.14 min (95%-CI: 12.1, −3.78); p = 0.305).

4. Discussion

The NURMI Study was developed to investigate the differences between recreational
runners with a specific focus on diet type by including a large sample and respectable
dataset based on the premise that scientific evidence on endurance athletes adhering
to plant-based (vegan, vegetarian) diets is lacking. The NURMI Study (Step 1) aimed to
answer the free form question, “who starts at running events?”. However, this investigation
aimed to analyze the vegan, vegetarian, and omnivorous dietary prevalences among
recreational runners at the start of races across the world and analyze the participants’
sociodemographic, anthropometric, and performance characteristics over half-marathon
and marathon distances. The present investigation is the first article to distinguish the best
running performances of vegan versus non-vegan female or male participants on average,
including the prevalence of vegan, vegetarian, and omnivorous runners at the starting line
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of running events worldwide, and it verifies the hypothesis that there is a difference in
recreational HM and M best time performance based on diet type.

As the main findings, significant associations were found between (i) sex and diet
type prevalence with more females following vegan or vegetarian diets; (ii) age and diet
type with vegans being youngest and omnivores being oldest; (iii) BW and diet type with
vegetarians having the lowest BW and omnivores having the highest; (iv) BMI and diet
type with vegetarians having the highest prevalence of BMINORM, vegans were the most
prevalent among the underweight, and omnivores were the most prevalent among the
overweight participants; while (v) females reporting omnivore diet were significantly
faster on average to complete an HM event compared to vegans; and (vi) males reporting
omnivore diet were significantly faster to complete HM and M events compared to both
vegans and vegetarians.

Across the scientific literature on nutrition in runners, comparisons of general diet
types of endurance runners remain largely unstudied. Considering the well-established
fact that the non-medical approach of being physically active over the lifespan is the key
to long-term health through the maintenance of physiological systems [52], it is not sur-
prising that the health status [12,43,44] and the quality of life of recreational endurance
runners is high [42]. However, it is interesting that endurance runners do face particular
nutrition-related health risks, which may arise from a low dietary energy intake compared
to the higher exercise-induced energy demand of regular distance running [53], especially
in females [54]. In addition, any particular diet type may also play a role in a person’s
nutrient status. While the vegan/vegetarian population is often criticized for lacking the so-
called critical nutrients of protein, vitamin B12, vitamin D, iron, calcium, or essential fatty
acids [55], the American Academy for Nutrition and Dietetics has maintained their position
for over 40 years regarding their approval for such diets, which they advocate for being
nutritionally adequate, healthful, and may help to prevent non-communicable diseases
over the lifespan (i.e., heart diseases, type II diabetes) when planned appropriately [20,56].
The omnivore diet, on the other hand, is consistently found to be associated with higher
incidences of overweight/obesity [57,58] and may also pose specific nutrient concerns, in-
cluding insufficient vitamins B12 and D for the general population and endurance runners
alike [17,59]. However, a well-designed omnivorous diet containing predominantly whole
plant-based foods, lean meat (fish, chicken, turkey, or red meat), and skim milk may sup-
port health in the short term as well [60]. Additionally, the patterns of supplement intake in
endurance runners may be unrelated to any particular diet type but instead support the no-
tion of health and lessen the nutritional deficiency concerns among endurance runners [61].
Both diet type and dietary supplements, however, are considered nutritional strategies that
enhance performance, accelerate recovery, and prevent or reduce gastro-intestinal discom-
fort, and they can be used by recreational athletes to cope with the additional nutritional
requirements of regular exercise with little to no adverse consequences [17,31,61]. For more
detailed information on dietary supplementation of recreational endurance runners, the
interested reader is referred to previous NURMI publications [31,61], including dietary
subgroups specifically [62]. While endurance runners are often hailed as being healthy
for their exercise habits [63], it is interesting to find by the present study that more than
one-fifth of the participants (n = 604) showed little to no concern with their nutrient and
liquid intake, especially for competition day regarding the questionnaire response, “I eat
and drink what I feel like.” Considering that vegans/vegetarians typically adhere to their
diets for a specific purpose, whether health, environmental, ethics/animal welfare, or a
combination of concerns [64], it is unlikely that these participants would report eating
whatever they would like to. Given the evidence of previous publications from the NURMI
lab, it has been reported that regularly active vegans have a higher level of health conscious-
ness, and therefore, most beneficially uphold their health status by paying particularly
close attention to the foods they consume [43].

In the study at hand, there is a higher proportion of female vegan/vegetarian partic-
ipants, and the males more frequently reported an omnivorous diet, which is consistent
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with general populations [57,58,65]. In addition, the vegans, followed by the vegetarians,
were found to be younger than the participants reporting the omnivore diet, which may
be related to the veggie boom across younger generations [17,21,22]. Regardless of sex
and age, the total prevalence of vegan and vegetarian diets appears to be rising world-
wide [17,21,22,65]. Similar to general populations and in line with the findings from the
present study, an increasing trend in the prevalence of plant-based diets has been reported
in distance runners [66] even with a higher growth rate than general populations [37,66]. Ev-
idence shows that not only the popularity of vegan/vegetarian diet adherence was greater
among ultra-marathoners than endurance runners in shorter distances, but they also re-
ported longer adherence to their diets [66]. It has also been reported that the prevalence
of vegan/vegetarian diets is associated with sociodemographic parameters in endurance
runners, i.e., educational background, sex, BMI, status of health [40,43,66], and general pop-
ulations, i.e., sex, ethnicity, and educational background [39,67]. The COVID-19 pandemic
has been found to be associated with an increase in the prevalence of vegan/vegetarian
diets [68]. Table 3 represents the worldwide percentages of vegan/vegetarian diets and
differentiated details for specific continents [69].

Table 3. Worldwide percentages of vegan/vegetarian diets [69].

Vegan Vegetarian

Total Worldwide 2020 2% 7%

Pacific Europe 2020 2% 7%

North America 2020 2% 9%

South America 2020 2% 12%

Africa/Middle East 2020 2% 8%

Asia 2020 3% 8%

However, the total worldwide prevalence includes all nations, such as developing
countries, which may not be comparable to more developed nations. Asia shows the highest
proportion of vegan diet prevalence (3%), and South America has the highest vegetarian
prevalence (12%), which may be due to the fact that the veggie lifestyle is viewed as healthy
and substantially more environmentally sustainable [69,70].

In addition to differences in the prevalence of females and males among the dietary
subgroups, differences were found between BW and dietary subgroups; vegetarians, fol-
lowed by vegans, had the lowest BW, which may be related to the fact that more veg-
etarians/vegans were female, and therefore, it is not uncommon to see a lower BW in
comparison to a group with more males [71]. However, a greater proportion of the vege-
tarian, and even the vegan, subgroup was within the BMINORM category compared to
the omnivores. In addition, the vegans were the most prevalent among the underweight
participants (n = 68, 7% of vegans), and the omnivores were the most prevalent among the
overweight (n = 206, 16% of omnivores). Although age was not used as a control for this
finding, the strength in the direction of effect regarding overweight omnivores may even be
reduced based upon the exclusion criteria of obese participants with a BMI > 30 kg/m. Sex-
specific associations showed that the males with higher BMI in this study finished slower
at HM and M distances. With every increasing unit of BMI (+1.0) in males, the best runtime
is 2.75 (3.22–2.27) min slower for HM and 5.5 (5.69–4.31) min slower for M. Likewise, the
finding of a greater underweight prevalence among vegan/vegetarian endurance athletes
is a heightened concern for these particular diets [53,54]. Consistent with this finding, it
has been reported that vegetarian and vegan diets could be considered effective strategies
to reduce overweight and obesity, and on the other hand, the omnivorous diet has been
found to have less favorable outcomes in weight reduction purposes [65,72]. While this
result is in line with other studies [57], it is advisable for vegans/vegetarians, especially
endurance athletes such as distance runners, to take more consideration when planning
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their day-to-day calorie consumption in order to achieve energy balance and meet the
high energy demands of active endurance running [17]. For omnivore endurance athletes,
it appears more advisable to promote greater consumption of the proportion of whole
plant-based foods to animal products with their day-to-day diets, while whole plant-foods
are nutrient-dense and at the same time contain low energy-density and provide consid-
erable satiety through high amounts of fiber [59], which is ideal for sustaining a healthy
body weight [73]. From a performance viewpoint, however, the optimal BMI for the best
performance of distance running was found to be 19–20 kg/m2 [43,74].

For centuries, it has been considered that there is a connection between an athlete’s
diet and their performance [75]. Considering the marginal effects of diet type, compared
with runners on a mixed diet, we identified an increase in Time-Average over the HM race
distance by males following the vegetarian diet (4.48 min) and males following the vegan
diet (4.76 min), also with male vegans taking significantly longer to finish a marathon
(9.76 min) but not male vegetarians (6.99 min). These results are, however, inconsistent
with a study on laboratory physical exercise tests among omnivore, vegetarian, and vegan
recreational runners, which found no difference between performance-related parameters
in males, although this study included only 76 participants (29 of which were males) and
did not report performing a power analysis to determine the minimum sample needed
to detect statistical significance [41]. Interactions from females only found vegan HM
runners to take significantly more time to complete, 4.31 min, but not for vegetarians or
marathoners. While the result for marathoners is consistent with another recent study
that found no difference in female runner performance based on diet type, the HM event
result is inconsistent with other findings suggesting no difference [41]. Therefore and gen-
erally, considering the wide variety of performance contributors from individual training
behaviors (total duration, frequency, intensity, type, etc.), running/racing experience, and
especially personal motives to race day environmental conditions (season, temperature,
altitude, incline/decline mileage, etc.) and personal strategies (supplementation, use of
performance-enhancing substances, etc.) [1,13,36], interpretation of the best time perfor-
mance results should be with caution. A lack of comparable studies distinguishing vegans
from vegetarian participants limits further interpretation regarding endurance running
performance, particularly individual best records.

As with every investigation, some limitations need to be addressed. The NURMI
Study was established as a cross-sectional design with a questionnaire-based approach of
self-reporting, and therefore, over- or under-reporting may have impacted the reliability of
the data. Correspondingly, the implementation of control questions throughout different
sections of the questionnaire minimized the likeliness of discrepant reports, especially
for diet and race distance. A randomized selection of participants based on diet type
was not conducted as the main aim of the NURMI Study to assess as many participants
as possible. However, the major strength of the present investigation and the NURMI
Study (especially Step 1) is the inclusion of a large sample of participants aiding in the
representativity of the findings. Another limitation that may have affected the present
results is the greater proportion of vegans (35%) and vegetarians (21%) compared with
worldwide (9%) and continental estimates (9–14%) despite the fact that not all active
vegan/vegetarian runners were within reach. However, this occurrence can be partially
clarified by participant pre-selection, which may have had an effect on the results. In
this regard, in spite of the lack of evidence on vegans and vegetarians explicitly, the
fact that vegans/vegetarians might be interested in participating in such lifestyle-related
investigations may not only partially justify the higher prevalence of vegan and vegetarian
diet but also may affect the representativeness of other findings. Specific seasons could also
be related to the numbers of vegan/vegetarian diets in self-reports, where flexible vegans
and vegetarians, or “flexitarians”, may give different reports about their kind of diet in
January compared to December (the time when many people make celebration-related
dietary exceptions) [76]. Regarding the best time race performance results on diet type,
several confounders were not taken into account that may likely influence the findings, such
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as running and racing experience and history, personal running motives, training behaviors,
race conditions, or even individual diet quality and further nutritional characteristics.
Likewise, the unequal distribution of participants based on diet type and racing distance
was not controlled for, although runners of greater distances are known to perform better
on average at long-distance events than shorter distance runners [36]. Thus, as the greatest
proportion of <21 km runners was vegan, this may have limited the effect size of their
best time performance compared with omnivores at half-marathon and marathon events.
However, the main NURMI Study (linking Step 2 with Step 3) was designed to include
detailed analyses with a large population comparing omnivorous, vegetarian, and vegan
recreational athletes on running performances; thus, future publications with important
confounders of running performance are planned. Correspondingly, another major strength
of the present investigation is the exploratory approach, which was designed to generate
hypotheses for future research considering the missing gap of diet type, especially vegan
versus non-vegan, and performance comparisons of recreational endurance runners. It
was anticipated that most of the participants would be Europeans (97%), as the main
target population of the NURMI study was Germany, Austria, and Switzerland (D-A-CH
countries); however, the determination of this study population (recreational endurance
runners especially) may have increased the accuracy of their reports, which also led to the
inclusion of non-European natives and contributed to an improvement in the quality of the
data generated. The inconsistency of dietary proportions in our sample compared to general
populations might be a result of several factors: (i) Germany, the largest German-speaking
country, with a population of 82 million, has a large vegetarian and vegan population [77];
(ii) there appears to be a higher proportion of vegan/vegetarians among distance runners,
which is consistent among other studies as well [17,37,40,66]; (iii) the sex differences in
health consciousness, as females (who were significantly more than males in the present
study) are reported to be more interested in following some kind of plant-based and healthy
diet [33,43,78,79]; and (iv) vegans may have been more apt to participate given the lack
of studies comparing their athletic performances distinctly [41]. In light of this study’s
limitations, however, valuable drawbacks may be present in terms of who starts at running
events, especially since the NURMI Study is the first study including a large sample with a
distinct focus on vegan and vegetarian runners, which is of great importance for running
event organizers but also for experts of nutrition such as sport nutritionists and dietitians
as well as running coaches and trainers that advise athletes who adhere to some general
diet type. In addition, the present findings may contribute to future studies in specifying
whether performance differences exist in a homogeneous sample of endurance runners
following vegan, vegetarian, and omnivorous diets by addressing more confounding
variables.

5. Conclusions

The rise in the popularity of distance running alongside the expanding percentages of
endurance athletes following vegan/vegetarian diets are two recent phenomena during
the past decades that require joint attention by scientific investigations. In the present
study, the percentages of the vegan and vegetarian diet among endurance runners was
greater than the numbers of general populations, which is consistent with the findings
of previous reports. Present findings also identified some potential associations between
kind of diet and distance running best time performances in both males and females,
suggesting the importance of dietary classifications in running- and performance-related
variables. Despite the differing sociodemographic and anthropometric characteristics based
on diet types, the present results are conclusive in showing that vegan and vegetarian
diets seem to be appropriate for participating in distance running activities, particularly
at the recreational level; however, increasing day-to-day calorie consumption is advisable
for underweight runners. More detailed experimental research is needed to explicate
the association between diet type and performance, as there were running differences
identified among vegans, vegetarians, and omnivores in self-reported individual records.
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Findings from this investigation may provide beneficial evidence, which may be insightful
for sport scientists, trainers, coaches, and nutrition specialists when advising training
and/or nutritional strategies for vegan and vegetarian distance runners. Therefore, future
research, including experimental approaches, should be designed to further examine the
differences in health and performance among distance runners following different diet
types across various sociodemographic strata.

Author Contributions: Conceptualized and designed the study and the questionnaires, K.W., B.K.
and C.L.; Conducted data analysis, K.W.; Drafted the manuscript, D.T., M.M., R.P. and T.R.; Critically
reviewed it, B.K., T.R. and K.W.; Provided technical support, G.W. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol is available online via https://springerplus.
springeropen.com/articles/10.1186/s40064-016-2126-4 (accessed on 14 September 2022) and was
approved by the ethics board of St. Gallen, Switzerland on May 6, 2015 (EKSG 14/145). The study
was conducted in accordance with the ethical standards of the institutional review board, medical
professional codex, and the with the 1964 Helsinki declaration and its later amendments as of 1996,
the Data Security Laws, and good clinical practice guidelines. Study participation was voluntary and
could be cancelled at any time without provision of reasons and without negative consequences.

Informed Consent Statement: Informed consent was obtained from all individual participants
included in the study considering the data collected, used and analyzed exclusively and only in the
context of the NURMI Study for scientific publication.

Data Availability Statement: The data sets generated during and/or analyzed during the current
study are not publicly available but may be made available upon reasonable request. Subjects will
receive a brief summary of the results of the NURMI Study if desired.

Acknowledgments: There are no professional relationships with companies or manufacturers who
will benefit from the results of the present study. Moreover, this research did not receive any specific
grant or funding from funding agencies in the public, commercial, or non-profit sectors.

Conflicts of Interest: The authors declare no competing interest.

References
1. Boullosa, D.; Esteve-Lanao, J.; Casado, A.; Peyré-Tartaruga, L.A.; Gomes da Rosa, R.; Del Coso, J. Factors affecting training and

physical performance in recreational endurance runners. Sports 2020, 8, 35. [CrossRef] [PubMed]
2. Shipway, R.; Holloway, I. Running free: Embracing a healthy lifestyle through distance running. Perspect. Public Health 2010, 130,

270–276. [CrossRef] [PubMed]
3. Strava Press. Strava 2021 Year in Sport. San Francisco/USA. Available online: https://1n4rcn88bk4ziht713dla5ubwpengine.

netdna-ssl.com/wp-content/uploads/2021/12/YIS-2021-Press-Book-United-States.pdf (accessed on 17 January 2022).
4. Scheerder, J.; Breedveld, K.; Borgers, J. Running Across Europe: The Rise and Size of One of the Largest Sport Markets; Palgrave

Macmillan: Hampshire, UK, 2015.
5. Sports & Fitness Industry Association. Running/Jogging Participation Report 2020. Available online: https://www.sfia.org/

reports/844_Running-Jogging-Participation-Report-2020 (accessed on 14 January 2022).
6. Top 5 Biggest Marathon Events Worldwide: STATISTA (2018) Größte Marathonläufe Weltweit Nach Anzahl der Finisher im

Jahr 2018. Available online: https://de.statista.com/statistik/daten/studie/380316/umfrage/marathonlaeufe-weltweit-nach-
anzahl-der-finisher/ (accessed on 13 December 2021).

7. The Abbot World Marathon Majors. The Pursuit of Greater Potential: Six Cities, Three Continents, One Remarkable Goal.
Available online: https://www.abbott.com/marathon.html#:~{}:text=More%20than%20180%2C000%20runners%20will,TCS%
20New%20York%20City%20Marathon (accessed on 14 January 2022).

8. Abbott World Marathon Majors. Abbott World Marathon Majors. Welcome to Abbott World Marathon Majors: Where Champions
Run. Available online: https://www.worldmarathonmajors.com/ (accessed on 14 January 2022).

9. Reusser, M.; Sousa, C.; Villiger, E.; Cruz, J.; Hill, L.; Rosemann, T.; Nikolaidis, P.; Knechtle, B. Increased participation and
decreased performance in recreational master athletes in “Berlin Marathon” 1974–2019. Front. Physiol. 2021, 12, 631237. [CrossRef]

10. International Association of Athletics Federations. The State of Running. Available online: https://runrepeat.com/state-of-
running (accessed on 18 June 2021).

11. Muniz-Pardos, B.; Sutehall, S.; Angeloudis, K.; Guppy, F.; Bosch, A.; Pitsiladis, Y. Recent Improvements in Marathon Run Times
Are Likely Technological, Not Physiological. Sports Med. 2021, 51, 371–378. [CrossRef]

https://springerplus.springeropen.com/articles/10.1186/s40064-016-2126-4
https://springerplus.springeropen.com/articles/10.1186/s40064-016-2126-4
http://doi.org/10.3390/sports8030035
http://www.ncbi.nlm.nih.gov/pubmed/32183425
http://doi.org/10.1177/1757913910379191
http://www.ncbi.nlm.nih.gov/pubmed/21213563
https://1n4rcn88bk4ziht713dla5ubwpengine.netdna-ssl.com/wp-content/uploads/2021/12/YIS-2021-Press-Book-United-States.pdf
https://1n4rcn88bk4ziht713dla5ubwpengine.netdna-ssl.com/wp-content/uploads/2021/12/YIS-2021-Press-Book-United-States.pdf
https://www.sfia.org/reports/844_Running-Jogging-Participation-Report-2020
https://www.sfia.org/reports/844_Running-Jogging-Participation-Report-2020
https://de.statista.com/statistik/daten/studie/380316/umfrage/marathonlaeufe-weltweit-nach-anzahl-der-finisher/
https://de.statista.com/statistik/daten/studie/380316/umfrage/marathonlaeufe-weltweit-nach-anzahl-der-finisher/
https://www.abbott.com/marathon.html#:~{}:text=More%20than%20180%2C000%20runners%20will,TCS%20New%20York%20City%20Marathon
https://www.abbott.com/marathon.html#:~{}:text=More%20than%20180%2C000%20runners%20will,TCS%20New%20York%20City%20Marathon
https://www.worldmarathonmajors.com/
http://doi.org/10.3389/fphys.2021.631237
https://runrepeat.com/state-of-running
https://runrepeat.com/state-of-running
http://doi.org/10.1007/s40279-020-01420-7


Nutrients 2022, 14, 3803 14 of 16

12. Wirnitzer, K.; Boldt, P.; Wirnitzer, G.; Leitzmann, C.; Tanous, D.; Motevalli, M.; Rosemann, T.; Knechtle, B. Health status of
recreational runners over 10-km up to ultra-marathon distance based on data of the NURMI Study Step 2. Sci. Rep. 2022, 12, 10295.
[CrossRef]
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