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Abstract

of endurance athletes.

their dieting patterns and associated variables.

disorders

Background: Frequent dieting is common in athletes attempting to achieve a body composition perceived to
improve performance. Excessive dieting may indicate disordered eating (DE) behaviors and can result in clinical eat-
ing disorders. However, the current nutrition patterns that underly dieting culture are underexplored in endurance
athletes. Therefore, the purpose of this study was to identify the sex differences in nutrition patterns among a group

Methods: Two-hundred and thirty-one endurance athletes (females = 124) completed a questionnaire regarding

Results: The majority of athletes did not follow a planned diet (70.1%). For endurance athletes on planned diets
(n=69), males were more likely follow a balanced diet (p =0.048) and females were more likely to follow a plant-
based diet (0 =0.021). Female endurance athletes not on a planned diet (n = 162) were more likely to have attempted
at least one diet (p <0.001). Male athletes attempted 2.0+ 1.3 different diets on average compared to 3.0+ 2.0 for
females (p=0.002). Female athletes were more likely to attempt > three diets (p=0.022). The most common diet
attempts included carbohydrate/energy restrictive, plant-based, and elimination diets. Females were more likely to
attempt ketogenic (p=0.047), low-carbohydrate (p =0.002), and energy restricted diets (p=0.010). Females made up
the entirety of those who attempted gluten-/dairy-free diets (F =22.0%, M = 0.0%).

Conclusions: Being a female athlete is a major determinant of higher dieting frequency and continual implemen-
tation of popular restrictive dietary interventions. Sports dietitians and coaches should prospectively assess eating
behavior and provide appropriate programming, education, and monitoring of female endurance athletes.

Keywords: Sports nutrition, Female athlete nutrition, Endurance training, Disordered eating behaviors, Eating

Introduction

Body weight and composition are often viewed as criti-
cal performance variables in a variety of sports. [1] In
some cases, athletes inherently possess or are genetically
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positioned to obtain a body composition specific to the
demands of their sport; [2] however, many athletes par-
ticipate in sports with body composition demands that
are misaligned with their current anthropometry. [2]
When athletes employ extreme dieting strategies to
achieve a figure perceived to enhance performance, the
misalignment between a sport-specific “ideal” and an
athlete’s actual figure could promote disordered eat-
ing (DE) behaviors [3]. Further, athletes with a distorted
perception of their current figure, also known as body
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dysmorphia, may also engage in DE behaviors despite
possessing an ideal sport-specific body composition. [4]
Under normal circumstances, dietary surveillance and
food restriction may offer simplistic, focused, and suc-
cessful dietary strategies. However, athletes, who also
require anomalous dietary intakes to support their inten-
sive training, are exposed to sport-specific factors asso-
ciated with DE in addition to individual, social, cultural,
biochemical, and genetic components. [2] As such, what
may begin as a healthy attempt to achieve a body compo-
sition well-suited to the demands of a given sport often
progresses toward chronic extreme dieting [2] and, over
time, may manifest into clinical eating disorders. [3]

The term “dieting” is often used to reflect any shift in
habitual dietary intake with a general focus on restricting
food intake and excessive dietary surveillance. While the
term has yet to be broadly defined, the socially influenced
dichotomization (“on” or “off” a diet) and rigid surveil-
lance of food that is reflected in eating behaviors is often
referred to as “diet culture” [5] Sport-specific dieting cul-
tures are often cited in weight-class sports for reasons of
regulation and tradition [1] as well as in aesthetic-sports
if judges are influenced by a standard of thinness. [2]
However, the thin ideal is also considered to be advan-
tageous in endurance sports with common expressions
such as “thin to win” or “runner’s body” that associate a
specific somatotype with enhanced aerobic performance.
[3, 6-8] This is, in part, due to the relationship between
BMI and performance which supports that “lighter is
better” for endurance events. [8] Thus, dieting cultures
of endurance sports are often accepted by athletes, espe-
cially those with mismanaged programs or inappro-
priate coaching behavior. [9] Furthermore, endurance
athletes employing rigid restriction and/or surveillance
of food intake may be subjected to insufficient energy
intake relative to exercise load, otherwise known as low
energy availability (LEA). [10] Female athletes, specifi-
cally female runners and gymnasts, [11] are at a height-
ened risk for the consequences of LEA given that DE
prevalence in female athletes are more than double that
of male athletes; [3, 9, 12] although males with DE behav-
iors are also at risk for the consequences of LEA.

Sports nutrition is continually evolving as scientific
research progresses and new fads are ever-present. The
rapid shifts in sports nutrition trends combined with a
surging diet culture in endurance sports may result in
recurrent and potentially harmful dietary interventions.
Because these trends change so frequently, the degree
to which this occurs is unknown. While reports high-
light dietary trends in endurance athletes, [13, 14] it is
likely there are significant fluctuations and the continued
investigation will further elucidate the dietary patterns
of this group and improve the identification of potential

(2022) 14:157

Page 2 of 9

DE behaviors. Therefore, the purpose of this study was
to explore current and historical dieting patterns among
a group of endurance athletes and if dieting frequency
is more prominent in female endurance athletes using
detailed questionnaires.

Method

Study design

A non-validated digital questionnaire was used to
ask endurance athletes about their nutrition patterns.
We recruited self-identified endurance athletes who
were > 18 years of age. Endurance athlete was defined as
individuals who train and compete in long-duration aer-
obic exercise. Athletes in our sample performed endur-
ance exercise training >3 d/wk with an average duration
of 110.4454.6 min/training day. We recruited partici-
pants globally, via convenience sampling, using digital
fliers and advertisements sent through email and various
social media groups (i.e., Facebook groups, Twitter, Insta-
gram) dedicated to endurance athletes and through word
of mouth. Our study took place from June 2020 through
February 2021 and was approved by the Texas Christian
University Institutional Review Board (IRB # 1920-227).
Informed consent was obtained before completing the
survey. All responses were made anonymous. A total of
257 endurance athletes agreed to participate. Twenty-six
were excluded for not providing critical demographic or
other information.

Questionnaire

Athletes completed a digital questionnaire using a per-
sonal device administered through Qualtrics (Survey
Tool, Qualtrics® LLC, Provo, UT, USA). The question-
naire contained multiple choice, multiple select, and
open-ended questions regarding participant demograph-
ics, sport history/participation, and dietary patterns.
The initial question, “Do you currently follow a diet?”
was used to determine overall prevalence. Display logic
was used to produce a follow-up question where athletes
who selected “yes” were provided a comprehensive list of
planned diet types to select from which included both
dietary archetypes and specific “named” or “branded”
diets. In the instance that an athlete’s diet type was not
listed, “Other” could be selected with fillable text for fur-
ther description. If “Other” was selected, an investiga-
tor examined the fillable answer and allocated it to the
appropriate section when necessary. If participants did
not follow a planned diet, display logic produced the
question “Have you ever attempted to follow a diet?”. Ath-
letes who reported a previous diet attempt were provided
the same comprehensive list of planned diet types includ-
ing an option for “Other” and were asked to report all
diets previously attempted. Athletes currently following
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a diet were asked to answer: 1) why they followed this
diet, 2) what difficulties they had following this diet, and
3) how long they have been following this diet. Athletes
who did not report following a diet were asked “Why
don’t you follow a planned diet?” and those who reported
a previous diet attempt were asked to answer: 1) why
they attempted this diet(s), 2) why they discontinued this
diet(s), 3) how long they were able to follow this diet(s)
before discontinuing, and 4) if they were opened to trying
a new diet strategy.

Statistical analysis

Responses to the questions were reported as
mean =+ standard deviation or percent of the total. Par-
ticipant characteristics by sex were analyzed using Chi-
square (X?) and independent t-tests. Given the large
number of possible responses to each question, responses
with a prevalence of >20% were reported unless smaller
distributions were necessary to explain larger themes.
Responses by sex were analyzed using X* and by inde-
pendent t-tests. Yates correction for continuity were used
for all 2 x 2 analyses. Nonparametric correlations were
conducted to observe associations between participant
characteristics and diet patterns using Spearman cor-
relations. Logistic regression was used to predict group
membership for diet patterns. For all logistic regression
models, the categorial variables of sex, competition level,
and primary sport and the continuous variable age were
included. Hosmer—Lemeshow test showed goodness of
fit for each model. Adjusted odds ratios (OR,) and cor-
responding 95% confidence intervals (95%CI) were cal-
culated for all 2 x 2 analyses. Because large differences
in sample size across primary sports skewed logistic
regression analyses for some variables, unadjusted OR
and corresponding 95%CI were conducted, when neces-
sary, to examine group membership by sex only. Adjusted
standard residuals (ASR) were used after initial X? tests
to determine differences from expected with a thresh-
old of+2. Cohen’s d and corresponding 95%CI were
reported when applicable. Kraemer’s V and phi (¢) were
reported for X2, Statistical significance was set at p <0.05.
Data was analyzed using IBM SPSS version 26 (IBM,
Armonk, NY).

Results

Participants

Participant characteristics are presented in Table 1. Males
were significantly older (p=0.011), taller (p<0.001),
weighed more (p<0.001), had a higher BMI (p<0.001),
and trained more h/d (p=0.016) than females. A greater
number of cyclists were male and more runners were
female (p.,;<0.001, V=0.38). More females were cur-
rent collegiate athletes compared to males (p,;=0.045,
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Table 1 Characteristics of endurance athletes completing a
nutrition questionnaire

Total (%) Male (%) Female (%)

n=231 n=107 n=124
Male 107 (46.3%)
Female 124 (53.7%)
Cycling 47 (20.3%) 38(353%)°  9(7.3%)°
Running 82 (35.5%) 25 (23.4%)° 57 (46.0%)?
Triathlete 84 (36.4%) 37 (34.6%) 47 (37.9%)
Rowing 8(3.5%) 3(2.8%) 5 (4.0%)
Swimming 6 (2.6%) 2 (1.9%) 4 (3.2%)
Wheelchair 2 (0.9%) 1 (0.9%) 1 (0.8%)
Aqua bike 1 (0.4%) 1 (0.9%) 0(0.0%)
Snowshoeing 1 (0.4%) 1 (0.9%) 0 (0.0%)
Age (y) 3854133 408+13.7¢ 364+£127
Height (cm) 1714+£112 1799+7.9° 164.2£8.1
Weight (kgs) 706+16.3 81.8415.3° 61.1£100
BMI (kg/mz) 239+43 253+4.7°¢ 22.7+£37
Training h/d 1.8+09 2041.0° 1.7+£09
Training d/wk 54+£13 52+15 55+£12
Professional 1(4.8%) 8 (7.5%) 3(24)%
Collegiate 30 (13.0%) 8 (7.5%)° 22 (17.9%)°
Former Collegiate 36 (15.7%) 18 (16.8%) 8 (14.6%)
Recreational/ Amateur 153 (66.5%) 3 (68.2%) (65 0%)
Top 3 Overall 49 (21.3%) 23 (21.7%) 6 (21.0%)
Top 3 Division 101 (43.7%) 0 (37.4%) 61 (49.2%)

Data presented as n (%) with differences determined by X2 or mean = standard
deviation with differences determined by independent t-tests and one-way
ANOVA

2 distribution greater than expected at p <0.05
b distribution less than expected at p <0.05
¢ significantly different than females p <0.05

V=0.187). The sample was predominately Caucasian
(88.7%) and non-Hispanic or Latino (87.8%).

Nutrition patterns and beliefs for athletes currently
following a planned diet
Nutrition patterns for athletes currently following a
planned diet are presented in Table 2. A total of 29.9%
(n=69) reported following a planned diet with no differ-
ence between groups (Males=27.1%, Females=32.3%,
p=0.48). Only balanced (cognizant of food choices and
dietary intakes) and plant-based diets (e.g., vegetarian/
vegan) had a prevalence of >20%. Male athletes were 4.4
times (95%CI: 1.0-19.3, p =0.048) more likely to follow
a balanced diet (p4;=0.28, ¢$=0.16). Female athletes
were 8.3 times (95%CI: 1.4-50.4, p=0.021) more likely
to follow plant-based diets (p,;,;=0.024, $ =0.31) with an
unadjusted OR of 5.2 (95%CI: 1.3-20.2, p=0.017).

The most common reasons athletes reported follow-
ing a diet were for health, performance, and personal/
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Table 2 Dietary practices of endurance athletes who reported
following a planned diet

Total (%) Male (%) Female (%)
n=69 n=29 n=40

What diet do you follow?

Balanced diet 18 (26.1%) 10 (34.5%) 8(20.0%)

Plant-based diet 18(26.1%) 3(10.3%)° 15 (37.5%)°
Why do you follow this diet?

Health benefits 52 (754%) 22 (75.9%) 30 (75.0%)

Performance benefits 31 (44.9%) 19 (65.5%) 12 (30.0%)P

Personal/medical reasons 31 (44.9%) 8(27.6%)° 23 (57.5%)?
Do you have difficulty adhering to your diet?

Yes/Occasionally 29 (42.0%) 12 (41.4%) 17 (42.5%)

No 40 (58.0%) 17(58.6%) 23 (57.5%)
What difficulties do you experi- ~ n=29 n=12 n=17
ence?

Social influences 12 (41.4%) 3 (25.0%) 9 (52.9%)

Preparing/obtaining food 9(31.0%) 4(33.3%) 5 (29.4%)

Scheduling conflicts 9(31.0%) 5(41.7%)  4(23.5%)

General adherence 9(31.0%) 4(33.3%) 5 (29.4%)
How long have you been following this diet?”

Less than a month 7(103%) 3 (10.4%) 4(10.3%)

Months 12 (17.6%) 9 (31.0%) 3(7.7%)

Years 49 (72.1%) 17 (58.6%)° 32 (82.1%)°

Data presented as n (%) with differences determined by X
"n(68)

2 distribution greater than expected at p <0.05

b distribution less than expected at p <0.05

medical reasons. Male athletes were 9.8 times (95%CI:
2.4-40.0, p=0.002) more likely to be following a diet
for performance benefits (p.,;=0.007, $=0.35) with
an unadjusted OR of 4.4 (95%ClIL: 1.6-12.3, p=0.004).
Female athletes were 4.4 times (95%CI: 1.3-14.3,
p=0.022) more likely to follow a diet for personal/
medical reasons (p.,;=0.026, ¢=0.30). Most athletes
employing a dietary strategy reported that they did not
experience difficulties with adherence (58.0%). Of those
that experienced difficulty either absolutely or occa-
sionally, social influences (41.4%), preparing/obtaining
foods (31.0%), scheduling conflicts (31.0%), and general
adherence (31.0%) were reported as major obstacles.
Lastly, when asked how long athletes had been following
their diet, 72.1% reported years. Females were 7.2 times
(95%CI: 1.3-41.16, p=0.027) more likely to have been
following their diet for years (p.,;=0.027, ¢ =0.33) with
an unadjusted OR of 4.4 (95%CI: 1.3-15.7, p=0.016).

Nutrition patterns and beliefs for athletes not following a
planned diet

Nutrition patterns for athletes not following a planned
diet are presented in Table 3. Overall, 70.1% (n=162)
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of athletes reported not following a specific diet strat-
egy. Reasons for not following a specific diet included
not wanting to follow one in general (39.5%) and that
they were too difficult (25.3%). Of these athletes, 55.6%
(n=90) reported that they had previously attempted a
diet strategy. Female athletes were 6.4 times (95%CI: 2.7—
15.2, p<0.001) more likely to have attempted at least one
diet previously (p,; <0.001, ¢ =0.31).

Among those who had previously attempted at least
one diet, balanced, energy restricted, low-carbohydrate,
ketogenic, intermittent fasting, plant-based, and paleo/
Whole30 were the most frequently reported. Female ath-
letes were 5.6 times (95%CI: 1.0-30.4, p=0.047) more
likely to follow a ketogenic diet (p.;=0.47, $=0.103).
Female athletes were also 43.0 times (95%CI: 3.9-469.8,
p=0.002) more likely to follow a low-carbohydrate diet.
Given the high degree of skewness in the OR, for low-
carbohydrate diets, an unadjusted OR was conducted and
revealed that female athletes were 3.6 times (95%CI: 1.2—
10.6, p=0.022) more likely to follow a low-carbohydrate
diet which was further supported by X* (p,;=0.033,
¢=0.25). When low-carbohydrate diet strategies were
combined (ketogenic, Atkins, low-carbohydrate) female
athletes were 10.3 times (95%CIL: 1.8-57.1, p=0.008)
more likely to follow this diet type with an unadjusted
OR of 1.8 (95%CI: 0.7-4.2, p=0.21). Female athletes
were 18.5 times (95%CIL: 2.0-172.4, p=0.010) more
likely to follow energy restricted diets. An unadjusted
OR revealed that females were 6.4 times (95%CI: 1.8—
23.5, p=0.005) more likely to follow energy-restricted
diets which was further supported by X* (p,;=0.005,
¢ =0.32). Females made up the entirety of those who
previously followed a dairy- and gluten-free diet (22.0%)
which did not allow for a comparison with male athletes
(0.0%). Athletes reported abandoning their diet strategy
due to general difficulty, inability to eat enjoyable foods,
difficulty obtaining/preparing foods, and personal/medi-
cal reasons. It was more common for females to aban-
don their diet for personal/medical reasons (p_,; =0.028,
¢$=0.26). When asked how long they were able to follow
their diet(s) before stopping, 57.8% of athletes reported
a duration of less than one month and 77.8% less than
three months. However, 90.0% reported that they would
consider attempting another diet.

The average number of summed diet attempts was 2.76
(95%CI: 2.36—3.15) with a minimum of 1 and maximum
of 10 (Male: min =1, max =6; Female: min =1, max=10).
On average, males (2.0+1.3) had significantly less diet
attempts compared to females (Females=3.01+2.0,
p=0.002; d=—0.64, d®**“t —1.1, —0.2). Nonparamet-
ric correlations were significant for total diet attempts
and sex (Spearman r=0.31, p=0.003). Interestingly, of
those that reported attempting a diet previously, 42.2%
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Table 3 Nutrition patterns of endurance athletes not following planned diet

Total (%) Male (%) Female (%)
Have you ever attempted a diet? n=162 n=78 n=284
Yes 90 (55.6%) 31 (39.7%)° 59 (69.2%)*
How many diets have you attempted? (n=90) n=90 n=31 n=>59
Different diets attempted 28+19 20+£13 30420¢
Attempted > 3 diets 38 (42.2%) 6 (19.4%)° 32 (54.2%)°
What diet(s) did you attempt?
Ketogenic/Atkins/Low-carbohydrate 46 (51.1%) 13 (41.9%) 33 (55.9%)
Balanced diet 4 (37.8%) 12 (38.7%) 2(37.3%)
Low-carbohydrate only (32 2%) 5 (16.1%)° 24 (40.7%)a
Energy restricted 7 (30.0%) 3(9.7%)° 24 (40.7%)°
Paleo/Whole-30 (30 0%) 9 (29.0%) 18 (30.5%)
Plant-based diet 25 (27.8%) 6 (19.4%) 19 (32.2%)
Ketogenic diet only 23 (25.6%) 6 (19.4%) 17 (28.8%)
Intermittent fasting 19 (21.1%) 4(16.1%) 15 (23.7%)
Gluten/Diary-free 13 (14. 4%) 0 (0.0%) 13 (22.0%)
Why did you stop following that diet?
Difficulty following 35 (38.9%) 13 (37.3%) 22 (37.3%)
Can't eat foods | enjoy 25 (27.8%) 6 (19.4%) 19 (32.2%)
Difficult to obtain/prepare food 23 (25.6%) 6 (19.4%) 17 (28.8%)
Personal/Medical reason 19(21.1%) 2 (6.5%)° 17 (28.8%)°
How long were you able to follow the diet before stopping?
Less than 1 wk 15(16.7%) 5(16.1%) 10 (16.9%)
1 wk-less than 1 mo 37 (41.1%) 17 (54.8%) 20 (33.9%)
1 mo-less than 3 mo 18 (20.0%) 3(9.7%) 15 (25.4%)
3 mo-less than 1 yr 17 (18.9%) 6 (19.4%) 11 (18.6%)
Greater than 1 yr 3(3.3%) 0 (0.0%) 5(5.1%)

Data presented as mean = standard deviation with differences determined by independent t-tests or n (%) with differences determined by X?

2 distribution greater than expected at p <0.05
b distribution lower than expected at p <0.05
¢ significantly different at p <0.05

reported attempting>three diets and females athletes
were 4.5 times (95%CI: 1.2-16.2, p =0.022) more likely to
have attempted this many diets (p ,;=0.003, ¢ =0.34).

Discussion

Our study sought to identify sex-related differences in
dieting patterns in a group of endurance athletes. This is
the first study, to our knowledge, to fully encompass the
persistent sex-related differences in planned dietary pat-
terns, providing evidence toward the influence of diet
culture in female endurance athletes. The major find-
ings of our study were: 1) female endurance athletes
were more likely to have attempted and discontinued
a planned diet strategy previously and have a greater
number of total diet attempts; 2) female endurance ath-
letes were more likely to follow carbohydrate and energy
restricted diets, plant-based diets, and elimination diets

(ex: gluten/dairy-free); and 3) female endurance ath-
letes were more likely to follow, currently or previously,
a planned diet for personal reasons compared to males
who’s motivation appeared more performance oriented.
Manipulation of one’s body mass is a common compo-
nent of many endurance sporting events. For instance,
competitive cyclists may attempt to lose weight leading
up to competition to improve power-to-weight ratio.
[15] Marathon runners may also desire a lower body
mass to increase running speed during competition.
[16] Although body weight alterations are common in
endurance sports, less is known about the dieting strate-
gies endurance athletes employ to achieve an ideal body
composition, weight, or both. While these strategies
appear advantageous and often result in initial success,
continual efforts to replicate a specific body composition
or performance outcome may lead to DE behaviors. [3,
7] However, determining whether an endurance athlete
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has an increased risk for DE is difficult due to the dieting
culture integrated into endurance sports, specifically for
female athletes. Professional organizations suggest that
unhealthy and persistent dietary behaviors represent an
increased risk for eating disorders. [17] Thus, quantify-
ing dieting frequency may be an initial indicator of DE
behaviors in endurance athletes.

Notably, our study objectively measured dieting fre-
quency and history, showing that~30% of endurance
athletes were currently following a planned diet and of
those not currently following a planned diet, 55.6% had
attempted to follow at least one diet previously. While
there are few studies [13, 14] that report dieting fre-
quency or history in a sample of heterogenous endurance
athletes, the combined frequency observed in our study
is similar to that reported in elite Olympic weight-class
athletes. [18] Specifically, our study showed that female
endurance athletes were more likely to attempt and dis-
continue a planned dietary strategy, more likely to have
attempted > three different dietary strategies, and had a
significantly greater number of planned diet attempts
compared to male endurance athletes. The extensive
dieting frequency in female endurance athletes supports
the persistent component of DE evidenced by studies in
athletes showing associations between dieting and eating
behaviors. [19] Thus, collecting diet frequency prior to
programming may assist coaches and sports dietitians in
early detection of DE for female endurance athletes.

Shifts in sports nutrition have recently focused on per-
sonalized dietary prescription. [20] However, appropri-
ately individualized dietary prescriptions are often only
available to those with access to nutrition professionals.
Those without access to nutrition professionals, such
as the recreational endurance athletes in our study, are
more reliant on coaches and media for diet prescription.
[21] As a result, popular diets that receive considerable
media attention are commonly employed. This may be
problematic given that endurance athletes require greater
energy intake, but most popular diets promote severe
restriction of at least one macronutrient, total energy,
and/or entire food items or categories. Though, the
extent to which endurance athletes follow these diets has
been underexplored.

The findings from our study show that female endur-
ance athletes are more likely to follow carbohydrate
restriction diets. A common reason for carbohydrate
restriction in athletes is to increase the body’s ability to
use fat as the primary energy source at exercise intensi-
ties where it would normally use glycogen. The transition
from carbohydrate to fat utilization at higher exercise
intensities promotes glycogen sparing and improved
makers of aerobic performance; however, this has not
shown to improve competition outcomes. [22] Although
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there is theoretical rationale for employing carbohydrate
restriction in endurance sports, the prevalence of previ-
ous carbohydrate restriction in our group of female ath-
letes is likely because female athletes in our study were
predominately runners. As previously discussed, thinner
figure is often more desirable for runners. [8] Female run-
ners may also be more concerned that a larger propor-
tion of carbohydrates in their diet could lead to increases
in fat mass. The degree of carbohydrate intake proposed
for endurance athletes may also cause hesitation due to
anticipation of future weight gain. Irrespective of sport,
females tend to report a greater concern for carbohydrate
intake compared to males [23] which was supported by
our adjusted analyses. Regardless, severe carbohydrate
restriction may be attractive to female endurance ath-
letes given the diet’s ability to produce rapid weight loss.
However, there are many concerns with persistent car-
bohydrate restriction. Several studies report the appe-
tite suppressive effects of carbohydrate restriction diets.
[24] Because endurance athletes require sufficient energy
to support their training, diets that reduce appetite in
conjunction with decreased energy intake from acute
exercise-induced anorexia may lead to LEA [25]. Other
concerns with low-carbohydrate diets include the rapid
reduction in markers of bone health, [26] hypercholester-
olemia, [27] and nutrient deficiencies. [20]

Carbohydrate restriction often coincides with general
energy restriction given that the near-complete removal
of carbohydrates is difficult to replace. This is supported
by our finding that female athletes showed more persis-
tent attempts at both carbohydrate and energy restriction
diets. Energy restriction diets were higher in female ath-
letes and female athletes had a lower BMI than male ath-
letes. The emphasis on energy restriction despite lower
BMI may indicate DE behaviors that are coupled with
(or originate from) a hyper fixation on achieving a sport-
specific body type. [6] Given the high energy require-
ments necessary to support endurance exercise and that
female athletes habitually consume less energy than they
expend, [28] it is difficult to recommend continual energy
restriction to female endurance athletes. Sufficient energy
intake is critical in bone mineral formation, reproductive
health [29], and limiting common nutrient deficiencies
observed in female athletes. [24] Moreover, Coelho et al.
[7] suggests that athletes at the highest risk for eating dis-
orders are those who restrict energy intake.

Coelho et al. [7] also suggests that vegetarian ath-
letes are amongst those with a higher risk for the devel-
opment of eating disorders. In our study, it was more
common for female athletes to follow plant-based diets
compared to male athletes. This trend was observed in
females currently on a planned diet and those with pre-
vious diet attempts and was similar to what has been
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reported in elite athletes [30]. Interestingly, female ath-
letes were more likely to follow a plant-based diet for
personal reasons. Given that most athletes currently fol-
lowing a planned diet reported continuous implemen-
tation of their strategy, it is possible that social/cultural
(animal-activism, agricultural concerns, cultural and/or
religious restriction, etc.) influences made up a consider-
able number of these personal reasons. Orthorexia ner-
vosa, characterized as an obsession with healthy eating
that is associated with restrictive behaviors, [31] may be
another reason female athletes are more likely to follow a
plant-based diet. In other words, because dietary restric-
tions are common in orthorexia nervosa as a result of this
obsession, there could be a crossover between orthorexia
nervosa (restricting dietary intakes to only “healthy”
foods) and plant-based diets (restricting dietary intakes
to only “plant-based” food which are often considered to
be “healthy”). While orthorexia nervosa may not be ini-
tially associated with sport-specific DE, excessive exer-
cise combined with an obsession to restrict “unhealthy”
foods certainly corresponds with DE behaviors. Interest-
ingly, male athletes were more likely to follow a balanced
diet suggesting that they did not share a similar obses-
sion with the removal of specific foods or rigid surveil-
lance. On the other hand, in those not currently following
a planned diet, the attempt and rapid discontinuation of
a plant-based diet refutes the aforementioned motiva-
tions (personal reasons, orthorexia nervosa, etc.) and
thus, are likely more aligned with achieving an ideal fig-
ure. Similar to low-carbohydrate strategies, plant-based
diets have several benefits for endurance athletes. For
instance, plant-based diets have shown to increase mus-
cle glycogen stores, delay fatigue, and reduce inflamma-
tion and oxidative stress when energy intake is sufficient.
[20] However, similar to other restrictive diets, athletes
following vegetarian diets are at a higher risk for micro-
nutrient decencies and LEA. [32]

Although we were unable to conduct an inferential
analysis, female endurance athletes were more likely to
attempt either a diary- or gluten-free diet. Endurance
runners frequently experience exercised-induced gas-
trointestinal symptoms and often avoid particular foods.
[33] The elimination of dairy and gluten from diet may
be a common approach for endurance athletes to allevi-
ate gastrointestinal issues with or without a known intol-
erance. However, reports show no sex-related differences
in the frequency of gastrointestinal symptoms following
endurance exercise. [34] If the reasons for employing
dairy- and gluten-free diets were solely associated with
gastrointestinal issues, the proportion would theoreti-
cally be more balanced between sexes. Thus, it is plausi-
ble to consider that the motivation to follow dairy- and/
or gluten-free diets likely aligns more with orthorexia
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nervosa than gastrointestinal health for female athletes.
In fact, the primary risks of employing a dairy- or gluten-
free diet align with LEA and micronutrient and fiber defi-
ciencies [32]. However, it is unknown if these diets alone
result in chronic LEA.

Our data suggest that female endurance athletes are
subjected to the diet culture of endurance sports to
a greater degree than their male counterparts by way
of increased dieting frequency and diet selection and
may be at a greater risk for developing eating disorders
associated with endurance sports thus supporting our
hypothesis. Despite the risks associated with many pop-
ular diets, it is certainly possible to employ them effec-
tively if closely monitored. However, most attempted
diets appeared to create considerable burden and the
majority were abandoned within three months. While it
is unclear exactly what contributes to such unsuccessful
diet attempts in endurance athletes, the restrictive nature
of popular diets may be too difficult for long-term imple-
mentation. However, despite the reported obstacles, we
still observed a high dieting frequency and an openness
to future diet attempts. Thus, the implementation of fre-
quent and restrictive diets is likely to remain and coaches
and sports dietitians should prioritize screening and sur-
veillance during programming and prioritizing fueling
for training.

The current study had several limitations that war-
rant discussion. First, our study was based on self-report
which may lead to inaccuracies in reporting, especially
considering that the questionnaire was non-validated.
Additionally, the cross-sectional nature of the study may
have resulted in dietary practices that differ from general
intakes given that practices vary by training/competition
cycles. However, our study was conducted across a nine-
month period which may have accounted for differences
by season although this was not included in the analysis.
Future studies should determine the dieting patterns of
endurance athletes across timepoints within an ath-
letic season. The study period also took place during the
COVID-19 pandemic and responses may not have been
indicative of habitual intake. However, it is unlikely that
COVID-19 significantly influenced total dietary history.
Our sample also had uneven proportions of professional,
collegiate, and amateur endurance athletes. However,
our sample was mostly amateur athletes, followed by
collegiate, and professional and likely similar to the true
prevalence of endurance athletes. Our study also did not
ask for subcategories of many branded diets (i.e., adapted
ketogenic diet, ovo-vegetarian, etc.) which may have
revealed other dietary patterns. However, athletes were
instructed to report and describe diet combinations, diet
sub-categories, and diets that were not listed as “other”.
Our study did not ask about dieting history in those
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currently following a planned diet. However, our results
indicate that the majority of these endurance athletes
sustained their practice for at least one year.

Conclusions

In conclusion, being a female endurance athlete is a major
determinant of higher dieting frequency and recurrent
implementation of popular restrictive dietary interven-
tions; both of which may indicate an increased risk for
current or future eating disorders. Collectively, our data
show that dieting culture in endurance sports is apparent
in female endurance athletes and may result in greater
susceptibility for harmful psychological and physiologi-
cal effects of DE. Therefore, sports dietitians and coaches
should prospectively assess eating behavior and provide
appropriate programming, education, and monitoring
of female endurance athletes. Prospective identification
may allow coaches and sports dietitians to better manage
programs and recommend counseling or other support
services before DE behaviors manifest into clinical eating
disorders. Future research should investigate the effects
of well-planned popular dietary interventions to deter-
mine safe and effective methods of employing common
strategies and conduct further research on male athletes.
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