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Low or reduced energy availability (LEA) is linked to
functional hypothalamic oligomenorrhea/amenorrhea
(FHA), which is frequently reported in weight-sensitive
sports. This makes LEA a major nutritional concern for
female athletes. The aim of this study was to describe
dietary characteristics of athletes with LEA and/or FHA.
Endurance athletes (n = 45) were recruited from national
teams and competitive clubs. Protocols included gyneco-
logical examination, body composition, eating disorder
evaluation, and 7-day dietary intake and EA assessment.
Athletes with disordered eating behavior/eating disorders
(n = 11), menstrual dysfunction other than FHA (n = 5),
and low dietary record validity (n = 4) were excluded.
Remaining subjects (n = 25) were characterized by EA

[optimal: ≥ 45 kcal (188 kJ)/kg fat-free mass (FFM)/day
(n = 11), LEA: < 45 kcal (188 kJ)/kg FFM/day (n = 14)]
and reproductive function [eumenorrhea (EUM; n = 10),
FHA (n = 15)]. There was no difference in EA between
FHA and EUM subjects. However, FHA and LEA sub-
jects shared the same dietary characteristics of lower
energy density (ED) [(P = 0.012; P = 0.020), respectively],
and fat content [(P = 0.047; P = 0.027), respectively].
Furthermore, FHA subjects had a lower intake of
carbohydrate-rich foods (P = 0.019), higher fiber content
(P < 0.001), and drive for thinness score (P = 0.003). Con-
clusively, low ED together with high fiber content may
constitute targets for dietary intervention in order to
prevent and treat LEA and FHA in female athletes.

Athletes need to maintain sufficient energy and nutrient
intake, especially during periods of intense training, in
order to avoid fatigue, injury, and illness (Burke, 2001;
Rodriguez et al., 2009). Female athletes in weight-
sensitive sports, however, are often reported not to meet
energy needs (Horvath et al., 2000) and to have restricted
eating behavior or inadvertent energy deficiency (De
Souza et al., 2014; Mountjoy et al., 2014). Energy avail-
ability (EA) in the context of sport is defined as the
energy expressed in relation to fat-free mass (FFM)
remaining for all physiological functions when exercise
energy expenditure has been subtracted from total
energy intake (Loucks, 2014). Suppression of the
pulsatility of luteinising hormone (LH) from the pitu-
itary gland has been shown to occur at an EA below
30 kcal (125 kJ)/kg FFM/day in sedentary women
(Loucks & Thuma, 2003), defining a low EA. Athletes
aiming to lose weight or body fat are recommended to
follow a diet and training regimen providing EA between
30 and 45 kcal (125 and 188 kJ)/kg FFM/day (Loucks
et al., 2011), defining reduced EA (Gibbs et al., 2013).

To ensure adequate energy for all physiological func-
tions (De Souza et al., 2014), physically active women
are recommended to achieve an EA ≥ 45 kcal
(188 kJ)/kg FFM/day, defining optimal EA (De Souza
et al., 2014; Loucks, 2014).

Ovarian function depends on the frequency of LH
pulsatility (Loucks et al., 2011), and persistent low EA
with or without an eating disorder or disordered eating
behavior is therefore considered to be the primary cause
of functional hypothalamic oligomenorrhea or amenor-
rhea (FHA) in female athletes (Nattiv et al., 2007;
Mountjoy et al., 2014). Low as well as reduced EA is
also related to a lower resting metabolic rate (RMR;
Melin et al., 2014a), and gastrointestinal problems in
female endurance athletes (Melin et al., 2014b).
Restricted eating behavior and FHA have also been asso-
ciated with an increased risk of impaired bone health,
muscle, skeletal, and joint injuries, as well as impaired
performance (Nattiv et al., 2007; De Souza et al., 2014;
Mountjoy et al., 2014). Hence, it is of great concern that
restricted eating behavior and FHA are frequently
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reported in female athletes (Gibbs et al., 2013). Since
weight influences performance in many sports, low or
reduced EA can be due to intentional restriction of food
intake in order to obtain or maintain a low body weight
(Nattiv et al., 2007). Twenty-four percent of female elite
endurance athletes have been reported to have DSM-IV
(Diagnostic and Statistical Manual of Mental Disorders
4th edition) diagnosed eating disorders (Sundgot-Borgen
& Torstveit, 2004), which are clinical mental disorders
associated with various abnormal eating behaviors, an
irrational fear of gaining weight, and false beliefs about
eating, weight, and shape (Nattiv et al., 2007). Inadver-
tent low or reduced EA could also occur due to a high or
increased training load.

Energy requirements for female endurance athletes
may vary considerably but have been reported to reach
levels of 4000 kcal (16.7 MJ)/day (Manore, 2002) to
4700 kcal (19.7 MJ)/day over several days (Sjödin et al.,
1996). However, female endurance athletes have been
reported to have energy intakes similar to or even lower
than sedentary women (Beidleman et al., 1995). Some
studies in which athletes with disordered eating behavior
or eating disorders have been excluded have reported a
lower energy intake in female endurance athletes with
FHA compared with eumenorrheic (EUM) athletes
(Nelson et al., 1986; Thong et al., 2000; Tomten &
Høstmark, 2006) or an increased training volume and
hence a potentially lower EA (Drinkwater et al., 1984).
However, several studies have found similar energy
intakes and training volumes in female endurance ath-
letes with FHA as in EUM athletes (Deuster et al., 1986;
Myerson et al., 1991; Laughlin & Yen, 1996; Schaal
et al., 2011).

Recreationally active women with menstrual cycle
disturbances have also been reported to eat a diet low in
energy density (ED) (Reed et al., 2011). ED is the
amount of energy (kcal or kJ) per amount (g) of food
(Stubbs & Whybrow, 2004) and can be calculated for
dishes, meals, and the total diet (Vernarelli et al., 2013).
ED is influenced by different food components, and a
low ED diet is typically high in water-rich foods, such as
fruits and vegetables, and has a high fiber and low fat
content (Stubbs & Whybrow, 2004; Rolls, 2009;
Vernarelli et al., 2013). Experimental studies have dem-
onstrated that a diet with a low ED will limit energy
intake (Rolls, 2009). Therefore, a diet with a low ED
increases the risk for low and reduced EA in female
athletes, especially in periods of high energy demand.

Since many studies investigating dietary intake, train-
ing regimes, and EA in female endurance athletes
without disordered eating behavior or eating disorders
have reported similar results in FHA and EUM subjects
(Deuster et al., 1986; Myerson et al., 1991; Laughlin &
Yen, 1996; Schaal et al., 2011), it is possible that specific
dietary characteristics reported in female athletes with
FHA, such as lower ED, lower fat, and higher fiber
content, might increase the risk of long-term relative

energy deficiency at a degree large enough to maintain
the suppression of the hypothalamic–pituitary axis and
thereby FHA. We therefore investigated dietary charac-
teristics related to low or reduced EA, operationally
defined as LEA, and/or FHA that could be targeted for
nutritional adjustment in female elite athletes.

Methods

The methods used in this study have previously been described in
detail (Melin et al., 2014a,b). The study population was recruited
through the Danish and Swedish sport federations and competitive
sports clubs involved in weight-sensitive endurance sports, such
as middle- and long-distance running, triathlon, and orienteering.
Before inclusion, all subjects were informed orally and in writing
of all study procedures and were asked to sign an informed
consent. Permission to undertake the study was provided by the
Swedish and Danish Confederation of Sports, Team Denmark, the
data inspectorate, and the regional ethical committees in Sweden
and Denmark. Subjects included and defined as endurance athletes
were athletes at the national team level or competitive endurance
athletes from regional competitive sports clubs, aged between 18
and 38 years, training a minimum of five times per week. Data
collection was performed on 2 consecutive days followed by a
7-day recording period in the athletes’ normal environment. The
first day consisted of an anthropometric assessment and examina-
tions of reproductive function. For the anthropometric assessment,
body weight and height were measured and dual-energy X-ray
absorptiometry (DXA) was used to determine FFM and fat mass
(FM). For reproductive function, menstruating athletes were
examined in the early follicular phase (third to fifth day of men-
struation) by an experienced gynecologist who performed a trans-
vaginal ultrasound examination, a measurement of sex hormone
status, and a retrospective history of menstrual function using the
Low EA in Females Questionnaire (Melin et al., 2014b). Subjects
were classified as follows: EUM – menstrual cycles of 28 ± 7 days
and sex hormones within the normal range; FHA – oligomenor-
rhea (menstrual cycles > 35 days), primary FHA (no menarche
after 15 years of age) or secondary FHA (absence of ≥ 3 consecu-
tive menstrual cycles); polycystic ovarian syndrome; or other
reasons for menstrual dysfunction, such as anatomic or hormonal
defects. The second day included examinations of aerobic capacity
and assessment of disordered eating behavior and eating disorders.
Figure 1 illustrates the participant flow in the study. Of the 45
athletes completing the clinical examination protocol, five were
excluded because of clinically verified menstrual dysfunction
other than FHA. Since we wanted to investigate dietary intake and
dietary characteristics of female athletes with LEA and/or FHA
who were not presenting disordered eating behavior or a clinically
overt eating disorder, 10 subjects were excluded after meeting the
DSM-IV criteria for eating disorders, assessed by the Eating Dis-
order Examination (EDE-16.0; Fairburn et al., 2008), and one
subject was excluded due to disordered eating behavior assessed
by the Eating Disorder Inventory (EDI-3; Garner, 2004). Four
subjects were identified as having a low validity of their
reported energy intake (corresponding to a physical activity
level < 1.6), according to the Goldberg cut-off using the equation
described by Black (2000), and were excluded. A total of 25
subjects were consequently included in the final analyses of
dietary characteristics.

Energy availability

Dietary intake and training were recorded by the subjects for 7
consecutive days to calculate EA. Heart rate monitors and training
logs were used to assess exercise energy expenditure, and the
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subjects were instructed to maintain and follow their normal train-
ing regimen. We calculated EA using the energy intake and exer-
cise energy expenditure determined within the same 7-day period
and FFM determined by DXA. Exercise energy expenditure rep-
resented only the energy (kcal/kJ) attributable to self-reported
training, and the estimate of the energy expended for RMR and
non-exercise activity thermogenesis throughout the duration of
training was subtracted from the estimate of exercise energy
expenditure (Loucks, 2014).

Dietary intake

Dietary intake was calculated from 7-day weighed food records.
The nutrient analysis program Dankost 2000 (Dankost, Copenha-
gen, Denmark) based on the Food Data Bank from the Danish
National Food Institute was used for Danish subjects. Dietist XP
(Kost och Näringsdata AB, Bromma, Sweden) based on the data-
base provided from the Swedish National Food Agency was used
for Swedish subjects. Subjects provided food labels and recipes,
and nutrient content of food items not in the databases were
entered manually by the dietitian. Subjects were given in-depth
verbal and written instructions and a demonstration of how food
and drink should be weighed and recorded and were instructed to
maintain normal food habits and eating patterns. Before entering
data in the nutrient analysis program, the same dietitian reviewed
all completed dietary records and asked for supplementary infor-
mation if needed, i.e., when there was an indication of under- or
over-reporting of energy intake as judged by the investigator.

Energy density

Dietary ED was calculated in three different ways by dividing total
kcal by total grams of (I) all food and no beverage (II) all food and
energy-containing beverages, and (III) all food and beverages,
including water (Vernarelli et al., 2013).

Food group variety

Food group variety was analyzed by calculating the mean number
of servings of nine different food groups over the 7 days. The nine
food groups in this study were defined as follows: (1) fruit and
vegetables, including fresh and dried fruits and all kinds of veg-
etables including potatoes. One serving of fruit or vegetables was
operationally defined as 100 g; (2) whole-grain products, includ-
ing whole-grain pasta, brown rice, bulgur wheat, oatmeal, muesli,
rye, and crisp breads. One serving was defined as 50 g; (3)
carbohydrate-rich foods, including white rice, pasta, and bread
(< 6 g of dietary fiber/100 g), couscous, cereals (such as corn
flakes), honey, sugar, cakes, sweets, sweet biscuits, jam, and

marmalade. One serving was defined as 50 g; (4) nuts and seeds
with all nuts and seeds included. One serving was defined as 20 g;
(5) meat, including all kinds of meat, fish, poultry, and egg. One
serving was defined as 100 g; (6) dairy products, including milk,
yoghurt, dairy-based sports shakes, cream, and all kinds of cheese.
One serving of milk and yoghurt was defined as 200 g, one serving
of cottage cheese and cream as 100 g, and one serving of cheese as
20 g; (7) sport products, including energy and protein bars and
gels. One serving was defined as 50 g; (8) fats and oils, including
salad dressings, butter, margarine, oils, and pesto. One serving was
defined as 10 g; (9) energy-containing drinks, including all non-
dairy-based drinks containing energy, such as fruit juice, rice and
soya milk, sports drinks, soft drinks, beer, wine and alcohol, and
coffee or tea with sugar. One serving was defined as 200 g. A
combination of foods, such as pizza and lasagna, was separated
into their main ingredients and placed in the relevant food group
(e.g. lasagna was divided between carbohydrate-rich food, meat
and dairy products, as well as fruit and vegetables).

Statistics

All statistical procedures were performed using SPSS (version
22.0, IBM, Chicago, Illinois, USA). The dataset was checked for
missing data. Normally distributed data were summarized as
mean ± standard deviation, and non-normally distributed data as
median and interquartile range (25 and 75 percentiles). Since we
wanted to investigate dietary intake and characteristics associated
with EA as well as reproductive function, the subjects were char-
acterized by their EA [optimal EA defined as ≥ 45 kcal (188 kJ)/kg
FFM/day vs LEA defined as < 45 kcal (188 kJ)/kg FFM/day] and
by their reproductive function (EUM vs FHA). In order to inves-
tigate differences between subjects with optimal EA vs LEA and
between EUM vs FHA subjects, the Student unpaired t-test was
used for normally distributed data and the Wilcoxon rank-sum test
for skewed data for comparisons of the mean or median levels of
the descriptive details. To explore whether the study groups
defined by the combination of EA and reproductive status were
similar with respect to nutritional intake and dietary characteris-
tics, a two-way analysis of variance with the corresponding
Bonferroni-adjusted P-values was conducted for each outcome. To
measure the degree of positive or negative association between
continuous outcomes, Pearson’s correlation coefficient (r) was
calculated for normally distributed data and Spearman’s rank cor-
relation coefficient for skewed data. Fisher’s exact test was applied
to determine whether there was a difference between the two kinds
of classifications. In order to explore potential nutritional predic-
tors of FHA, a multiple linear regression with backward selection
was conducted after evaluating the collinearity between the pre-
dictors by means of the variance inflation factors. A significance
level of < 0.05 was used.

n=11 excluded due to disordered eating 
behavior or eating disorders 

 

n=45 included in the clinical 
 

n=5 excluded with other 
menstrual dysfunction 

than FHA 

n=25 included in the analyses 
of dietary characteristics 

n=4 excluded due to 
underreporting dietary intake 

Fig. 1. Flowchart.
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Results
Description of subjects

Subject characteristics are presented in Table 1. There
were no differences in body mass index (BMI), body
composition, or exercise capacity between subjects
divided by EA, but subjects with LEA demonstrated a
higher training volume and exercise energy expenditure
of 25% and 37%, respectively, compared with those with
optimal EA. Subjects with FHA had 18% and 14% lower
absolute and relative FM (%), respectively, although
there were no differences in body weight, BMI, or exer-
cise capacity between FHA subjects and EUM subjects.
One subject with secondary FHA and low EA [ < 30 kcal
(125 kJ)/kg FFM/day] was underweight (BMI < 18.5 kg/
m2). One of the EUM subjects with optimal EA
[ ≥ 45 kcal (188 kJ)/kg FFM/day] reported previously
having had periods with disordered eating behavior and
secondary FHA. One EUM subject with reduced EA
[30–45 kcal (125–188 kJ)/kg FFM/day] reported eating
a low carbohydrate diet for the previous 6 months. There
were no vegetarians or vegans in this group of endurance
athletes.

Energy availability and dietary intake

EA and dietary intake are presented in Table 2. Three
subjects had low EA [ < 30 kcal (125 kJ)/kg FFM/day]
(2 with secondary FHA) and 11 had reduced EA
[ < 45 kcal (188 kJ)/kg FFM/day] (6 with secondary
FHA and 2 with oligomenorrhea). We found, however,
no difference in the number of subjects with FHA having
LEA (10 of 15) compared with EUM [4 of 10
(P = 0.183)], and there were no differences in energy
intake or EA between FHA and EUM subjects.

As expected, EA was positively associated with
energy intake [r = 0.53 (P = 0.008)], and the intake of all

macronutrients [carbohydrates (g/kg/day); r = 0.43
(P = 0.034), protein (g/kg/day); r = 0.41 (P = 0.043) and
fat (g/kg/day); r = 0.57 (P = 0.003)], and was negatively
associated with exercise energy expenditure [r = −0.66
(P = 0.002)]. Furthermore, EA was positively associated
with ED but only when calculated as (I) all food and no
beverage [r = 0.43 (P = 0.034)], with the intake of food
groups from fats and oils [r = 0.55 (P = 0.005)], and
energy-containing drinks [r = 0.054 (P = 0.005)].

As anticipated, the ED of the diet calculated as (I) all
food and no beverage was positively associated with the
intake of fat [r = 0.42 (P = 0.039)], and was negatively
associated with the intake of fiber [r = −0.52
(P = 0.009)] and fruits and vegetables [r = −0.64
(P = 0.001)]. Furthermore, ED calculated as (I) all food
and no beverage was negatively associated with the
intake of protein [r = −0.42 (P = 0.039)], and was posi-
tively associated with the intake of carbohydrate-rich
foods [r = 0.55 (P = 0.005)]. ED calculated as (II) all
food and energy-containing beverages was negatively
associated with the intake of fruits and vegetables
[r = −0.54 (P = 0.006)], and sports products [r = −0.49
(P = 0.013)]. ED calculated as (III) all food and bever-
ages including water was negatively associated with the
intake of fiber [r = −0.45 (P = 0.026)] and fruits and
vegetables [r = −0.46 (P = 0.016)].

Dietary features in subjects characterized by
energy availability

The diet of subjects with LEA had a 15% lower ED
compared with subjects with optimal EA when calcu-
lated as (I) all food and no beverage (Fig. 2). We found,
however, no differences between EA groups when ED
was calculated as (II) all food and energy-containing
beverages or as (III) all food and beverages including

Table 1. Description of subjects characterized by energy availability and reproductive function

All
(n = 25)

Optimal EA
(n = 11)

LEA
(n = 14)

EUM
(n = 10)

FHA
(n = 15)

Age, years 26.6 ± 5.6 27.9 ± 6.4 25.6 ± 4.9 26.8 ± 4.6 26.5 ± 6.3
Height, cm 169 ± 0.06 168 ± 0.04 170 ± 0.06 170 ± 0.06 168 ± 0.06
Weight, kg 58.8 ± 7.3 57.9 ± 5.3 59.5 ± 8.7 61.2 ± 8.2 57.1 ± 6.47
BMI, kg/m2 20.6 ± 2.0 20.6 ± 1.6 20.6 ± 2.3 21.2 ± 2.3 20.2 ± 1.6
VO2peak, L/min 3.21 ± 0.4 3.21 ± 0.4 3.21 ± 0.4 3.20 ± 0.4 3.22 ± 0.4
VO2peak, mL/kg/min 54.5 ± 6.4 54.8 ± 4.6 54.3 ± 7.7 53.0 ± 5.7 55.5 ± 6.9
Exercise, h/week 12.0 ± 4.4 9.7 ± 2.5 13.0 ± 4.8* 11.1 ± 2.9 12.7 ± 5.1
EEE, kcal/day 940 ± 450 705 ± 184 1121 ± 516* 909 ± 265 959 ± 550
FM, kg 11.8 ± 3.2 11.7 ± 2.4 11.7 ± 3.8 13.4 ± 3.3 10.7 ± 2.7*
FM, % 19.8 ± 3.6 20.3 ± 3.2 19.4 ± 3.9 21.7 ± 3.3 18.6 ± 3.3*
FFM, kg 46.2 (42.8–50.7) 46.2 (42.7–49.5) 46.3 (42.8–51.0) 49.1 (43.9–50.7) 46.0 (42.7–50.7)

For comparison of mean levels between the groups with optimal EA vs LEA and EUM vs FHA, the Student unpaired t-test was used for normally distributed
variables and the Wilcoxon rank-sum test for skewed distributed variables. Data are presented as mean ± standard deviation for normal distributed data
and as median and interquartile range (25–75) for skewed data.
*P < 0.05.
BMI, body mass index; EA, energy availability; EEE, exercise energy expenditure; EUM, eumenorrhea; FHA, functional hypothalamic oligomenorrhea/
amenorrhea; FM, fat mass; LEA, low or reduced EA [< 45 kcal (188 kJ)/kg fat-free mass (FFM)/day]; VO2peak, maximal oxygen uptake.
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water, although subjects with optimal EA had a higher
intake of energy-containing drinks compared with those
with LEA (Table 3).

Fifty percent of the subjects with LEA compared with
73% of those with optimal EA had a carbohydrate intake

≥ 6 g/kg/day, which is recommended to endurance ath-
letes training with moderate to high-intensity exercise
1–3 h/day (Burke et al., 2011). We found no differences
in the fiber content (Table 2) or in the intake of
carbohydrate-rich foods, whole-grain products, or fruit

Table 2. Dietary intake in subjects characterized by energy availability and reproductive function

All
(n = 25)

Optimal EA
(n = 11)

LEA
(n = 14)

EUM
(n = 10)

FHA
(n = 15)

P-value

EA Reproductive function

Energy intake
(kcal/day) 2766 ± 455 2980 ± 454 2598 ± 392 2899 ± 553 2677 ± 370 0.056 0.475
(kcal/kg/day) 46.1 ± 12.2 51.8 ± 9.0 41.6 ± 12.7 48.2 ± 11.5 44.7 ± 12.8 0.040 0.833
(kcal/kg FFM/day) 59.2 ± 9.4 64.8 ± 9.9 54.7 ± 6.3 61.1 ± 12.7 57.9 ± 6.6 0.004 0.832

EA
(kcal/kg FFM/day) 42.5 ± 12.1 52.2 ± 7.5 34.9 ± 9.1 45.1 ± 13.6 40.7 ± 11.1 < 0.001 0.977

Carbohydrates
(g/day) 369 ± 83 386 ± 83 355 ± 84 355 ± 66 378 ± 94 0.201 0.370
(g/kg/day) 6.4 ± 1.6 6.8 ± 1.7 6.1 ± 1.5 6.0 ± 1.7 6.7 ± 1.6 0.078 0.144
(E %) 53 ± 8 51 ± 10 54 ± 7 50 ± 6 55 ± 9 0.866 0.160

Fiber
(g/day) 41 ± 11 39 ± 10 42 ± 13 33 ± 9 46 ± 10 0.971 0.007
(g/1000 kcal) 14.9 ± 3.9 13.4 ± 3.4 16.1 ± 4.0 11.6 ± 2.7 17.1 ± 3.0 0.308 < 0.001

Protein
(g/day) 116 ± 26 121 ± 28 113 ± 25 116 ± 34 117 ± 21 0.377 0.802
(g/kg/day) 2.0 ± 0.5 2.1 ± 0.5 1.9 ± 0.5 1.9 ± 0.6 2.1 ± 0.4 0.156 0.335
(E %) 17 ± 3 17 ± 4 18 ± 3 16 ± 4 18 ± 3 0.788 0.342

Fat 93 ± 32
(g/day) 1.6 ± 0.5 108 ± 40 81 ± 17 111 ± 34 81 ± 24 0.091 0.047
(g/kg/day) 30 ± 8 1.9 ± 0.6 1.4 ± 0.2 1.8 ± 0.6 1.4 ± 0.3 0.027 0.092
(E %) 31 ± 10 28 ± 6 34 ± 7 27 ± 8 0.864 0.052

Data are presented as mean ± standard deviation. To investigate whether there were differences between subjects with optimal EA and LEA as well as
between EUM and FHA subjects, a two-way analysis of variance with Bonferroni correction for each variable was used. There was no group interaction
effect in any of the measured variables.
EA, energy availability; EUM, eumenorrhea; FHA, functional hypothalamic oligomenorrhea/amenorrhea; LEA, low or reduced EA [< 45 kcal (188 kJ)/kg
fat-free mass (FFM)/day].

Fig. 2. Energy density in subjects characterized by energy availability and reproductive function.
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and vegetables or in the intake of sports products
between subjects with optimal EA compared with sub-
jects with LEA (Table 3).

All subjects but one met the dietary recommendations
for protein (≥ 1.2 g/kg/day) for endurance athletes
(Rodriguez et al., 2009; Philips, 2011), and 71% of the
subjects with LEA met the dietary protein recommenda-
tions during energy deficiency (≥ 1.8 g/kg/day; Burke
et al., 2011). There were no differences in protein intake
(Table 2) or in the intake of meat, fish, poultry and egg,
dairy products, or nuts and seeds between EA groups
(Table 3), and the protein intake for the whole group
(n = 25; g/day) was positively associated with the intake
of dairy products [r = 0.43 (P = 0.011)]. Subjects with
LEA had a 26% lower relative fat intake (g/kg/day) com-
pared with subjects with optimal EA (Table 2). The total
EDI-3 score and the score for drive for thinness (DT) as
well as body dissatisfaction subscales are presented in

Table 4. There were no differences in the total EDI-3 or
subscale scores among subjects characterized by EA.

Dietary features in subjects characterized by
reproductive function

The diet of subjects with FHA had a 16% lower ED
compared with EUM subjects when calculated as (I) all
food and no beverage, 13% when calculated as (II) all
food and energy-containing beverages, and 19% when
calculated as (III) all food and beverages including water
(Fig. 2). There was no difference in the intake of carbo-
hydrates between groups (Table 2), although EUM sub-
jects ate more carbohydrate-rich foods compared with
FHA subjects (Table 3). There was, furthermore, a group
interaction effect, meaning that EUM subjects with
optimal EA had a higher intake of carbohydrate-rich
foods compared with FHA subjects with optimal EA as

Table 3. Food group variety in subjects characterized by energy availability and reproductive function

Optimal EA
(n = 11)

LEA
(n = 14)

EUM
(n = 10)

FHA
(n = 15)

P-value

EA Reproductive
function

EA + reproductive
function

Fruit and vegetables (100 g/serving) 6.2 ± 2.6 8.0 ± 3.1 5.7 ± 2.6 8.2 ± 2.9 0.239 0.077 0.320
Whole grain products (50 g/serving) 3.8 ± 2.5 3.6 ± 1.9 2.7 ± 1.6 4.4 ± 2.2 0.447 0.050 0.884
Carbohydrate-rich foods (50 g/serving) 5.2 ± 2.5 3.7 ± 1.9 5.7 ± 2.0 3.5 ± 2.1 0.115 0.019 0.028
Nuts and seeds (20 g/serving) 1.1 ± 1.0 0.7 ± 0.9 0.8 ± 1.0 1.0 ± 0.9 0.338 0.418 0.011
Meat (100 g/serving) 2.0 ± 0.9 2.1 ± 0.6 2.2 ± 1.0 1.9 ± 0.5 0.780 0.298 0.459
Dairy products (20–200 g/serving) 3.6 ± 1.3 3.4 ± 1.7 3.7 ± 1.9 3.3 ± 1.3 0.682 0.935 0.236
Sport products (50 g/serving) 0.4 ± 0.4 0.6 ± 0.9 0.4 ± 0.5 0.5 ± 0.9 0.516 0.908 0.722
Fats and oils (10 g/serving) 2.3 ± 1.6 1.2 ± 0.5 1.9 ± 1.4 1.6 ± 1.1 0.035 0.966 0.256
Energy-containing drinks (200 mL/serving) 1.6 ± 0.4 0.7 ± 0.2 1.6 ± 1.4 0.8 ± 0.7 0.039 0.218 0.473

Fruit and vegetables included fresh and dried fruits and all kinds of vegetables including potatoes. Whole-grain products included whole-grain pasta, brown
rice, bulgur wheat, oatmeal, muesli, rye, and crisp breads. Carbohydrate-rich foods included white rice, pasta, and bread (< 6 g of dietary fiber/100 g),
couscous, cereals (such as corn flakes), honey, sugar, cakes, sweets, sweet biscuits, jam, and marmalade. Nuts and seeds with all nuts and seeds included.
Meat included all kinds of meat, fish, poultry, and egg. Dairy products included milk, yoghurt, dairy-based sports shakes, cream, and all kinds of cheese.
Sport products included energy and protein bars and gels. Fats and oils included salad dressings, butter, margarine, oils, and pesto. Energy-containing
drinks included all non-dairy-based drinks containing energy, such as fruit juice, rice and soya milk, sports drinks, soft drinks, beer, wine and alcohol, and
coffee or tea with sugar. Data are presented as mean ± standard deviation for normal distributed data and as median and interquartile range (25–75) for
skewed data. To investigate whether there were differences in nutritional status between subjects with optimal EA and LEA as well as between subjects
with FHA and EUM, a two-way analysis of variance with Bonferroni correction for each variable was used. EA, energy availability; EUM, eumenorrhea; FHA,
functional hypothalamic oligomenorrhea/amenorrhea LEA, low or reduced EA [< 45 kcal (188 kJ)/kg fat-free mass (FFM)/day].

Table 4. EDI-3 score in subjects characterized by energy availability and reproductive function

All
(n = 25)

Optimal EA
(n = 11)

LEA
(n = 14)

EUM
(n = 10)

FHA
(n = 15)

P-value

EA Reproductive function

EDI-3 total score 24.5 ± 2.8 24.2 ± 1.0 24.8 ± 2.4 23.0 ± 2.0 25.5 ± 2.8 0.721 0.047
DT score 3.0 (0.5–4.5) 3.0 (0.0–5.0) 3.0 (1.0–4.0) 0.0 (0.0–1.0) 4.0 (2.0–6.0) 0.710 0.003
BD score 3.0 (1.5–7.0) 3.3 (1.0–7.0) 4.0 (2.0–7.0) 3.0 (2.0–6.0) 3.0 (1.0–10.0) 0.789 0.393

Data are presented as mean ± standard deviation for normal distributed data and as median and interquartile range [25–75] for skewed data. To investigate
whether there were differences in nutritional status between subjects with optimal EA and LEA as well as between subjects with FHA and EUM, a two-way
analysis of variance with Bonferroni correction for each variable was used. There was no group interaction effect in any of the measured variables.
BD, body dissatisfaction subscale; DT; drive for thinness subscale; EA, energy availability; EDI-3, eating disorder inventory 3; EUM, eumenorrhea; FHA,
functional hypothalamic oligomenorrhea/amenorrhea; LEA, low or reduced EA [< 45 kcal (188 kJ)/kg fat-free mass/day].
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well as LEA. Subjects with FHA had a 23% higher
total (g/day) and a 32% higher relative fiber intake
(g/1000 kcal) compared with the EUM group (Table 2).
Fiber intake exceeding the nutritional recommendation
of 25–35 g/day (United States and Scandinavia), 3 g/MJ/
day (Scandinavia) or 14 g/1000 kcal/day (United States;
Institute of Medicine of the National Institute of Science,
2002, Nordic Council of Ministers, 2013) was more
common among subjects with FHA compared with
EUM subjects [12 of 15 vs 3 of 10 (P = 0.018); 13 of 15
vs 4 of 10 (P = 0.022), and 13 of 15 vs 2 of 10
(P = 0.001), respectively]. There was a trend toward a
higher intake of whole-grain products and fruit and veg-
etables in FHA subjects compared with EUM subjects,
while there were no differences in the intake of sports
products or the intake of energy-containing drinks
between groups characterized by reproductive function
(Table 3). As previously mentioned, all subjects but one
met the dietary recommendations for protein for endur-
ance athletes (Rodriguez et al., 2009; Philips, 2011), and
there were no differences in protein intake (Table 2) or in
the intake of meat, dairy products, or nuts and seeds
between groups (Table 3). There was, however, a group
interaction effect in the intake of nuts and seeds,
meaning that the FHA athletes with optimal EA had a
higher intake of nuts and seeds compared with FHA
athletes with LEA. Subjects with FHA had a 27% lower
total fat intake (g/day) compared with EUM subjects.

Multiple regression analysis, including all subjects,
with a backward elimination containing EA (kcal/kg
FFM/day), ED calculated as (I) all food and no beverage
(kcal/g), intake of fat (g/day), and fiber content
(g/1000 kcal/day) as possible predictors of FHA, showed
a partial correlation coefficient for dietary fiber intake of

r2 = 0.25 (P < 0.001), with an unstandardized regression
coefficient (ß) of 0.37 (95% confidence interval 0.21–
0.53) and a mean variance inflation factor of 1.46 (range
1.34–1.65).

Subjects with FHA had a higher mean total EDI-3
score and a higher DT score compared with EUM sub-
jects (Table 4). There were negative associations
between the DT score for the whole group and ED cal-
culated as (I) all food and no beverage (Fig. 3) and as
(III) all food and beverages including water, fat content
(g/kg/day), and the intake of carbohydrate-rich foods
(servings/day). Furthermore, there was a positive asso-
ciation between the DT score and the fiber content of the
diet (g/1000 kcal).

Discussion

The present study is the first to investigate dietary char-
acteristics associated with EA and reproductive function
in female endurance athletes. We did not find any differ-
ences in energy intake or EA between EUM and FHA
athletes. We did find, however, that athletes with FHA
and athletes with LEA shared the same dietary charac-
teristics with a lower ED and a lower fat content. Fur-
thermore, athletes with FHA were more weight
concerned and had a diet with a greater amount of
dietary fiber and fewer carbohydrate-rich foods com-
pared with EUM athletes.

Energy intake and energy availability

The mean relative energy intake in the present study was
46 kcal (193 kJ)/kg/day, which is similar to the mean
intake of 43 kcal (180 kJ)/kg/day reported by Burke
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Fig. 3. The associations between drive for thinness score and energy density, the intake of nutrients, and food groups.

1066

Melin et al.



(2001) in female endurance athletes. Although energy
intake was 8% lower, exercise energy expenditure 6%
higher, and consequently EA 10% lower in subjects with
FHA compared with EUM subjects, we found no signifi-
cant difference between the groups. These findings are in
line with most studies reporting energy intake and exer-
cise energy expenditure in female endurance athletes
without disordered eating behavior or eating disorders
(Deuster et al., 1986; Myerson et al., 1991; Laughlin &
Yen, 1996) and support the findings by Schaal et al.
(2011) who reported no difference in EA between EUM
(n = 5) vs menstrual dysfunction (n = 5) runners and
triathletes. In the present study, 44% (n = 11) had EA
between 30 and 45 kcal (125 and 188 kJ)/kg FFM/day,
levels that are recommended for athletes needing to lose
weight (Loucks et al., 2011), while 12% (n = 3) had EA
< 30 kcal (125 kJ)/day, levels that in clinical settings
have shown to suppress LH pulsatility in healthy seden-
tary EUM women after only 5 days (Loucks & Thuma,
2003). We previously reported lower RMR and LH
levels in female endurance athletes with reduced EA [30
to 45 kcal (125 to 188 kJ)/kg FFM/day] compared with
athletes with optimal EA (Melin et al., 2014a). These
combined results indicate that the threshold for low EA
established by Loucks and Thuma (2003) [ < 30 kcal
(125 kJ)/kg FFM/day] in a clinical setting may not simi-
larly manifest in athletes under free-living conditions
using self-reporting and field methods to determine EA
(Ciadella-Kam et al., 2014; Mountjoy et al., 2014). Fur-
thermore, it is possible that the reproductive function in
some women is more robust or more sensitive than it is
in others (Ciadella-Kam et al., 2014) and that the thresh-
old of long-term EA associated with FHA may vary
among exercising women (Gibbs et al., 2013).

Energy density and food groups

There are different possible reasons for LEA in female
athletes, and it could be unintentional because of diffi-
culties in eating enough during intense training periods.
This is especially true if the diet meets the criteria for a
healthy diet recommended to the general population: low
in ED and high in bulky fibers (Nordic Council of
Ministers, 2013). In the present study, LEA was associ-
ated with a combination of higher exercise energy
expenditure because of greater training load and a lower
energy intake mainly because of a lower intake of fat. We
also found that EA was positively associated with the ED
of the diet when calculated as (I) all food and no bever-
age, the intake of energy-containing drinks, and espe-
cially with the intake of fats and oils.

Even though we did not find any differences in current
energy intake or EA between subjects with FHA com-
pared with EUM subjects, subjects with FHA evidently
followed a lower ED diet compared with EUM subjects.
These results support what has previously been reported
in recreationally active women with menstrual cycle dis-

turbances (Reed et al., 2011). The bulking property of
dietary fiber lowers the ED of the diet mainly by binding
water since water contributes to weight but not to energy
(Rolls, 2009). Furthermore, ED is increased more by fat
than carbohydrate or protein because of its higher energy
content per weight (Rolls, 2009); as expected, we found
a positive association between the ED of the diet and fat
intake and a negative association between ED and fiber
content as well as with the intake of fruit and vegetables.
In the present study, we also found that ED was nega-
tively associated with protein content and that it was
positively associated with the intake of carbohydrate-
rich foods, such as white rice and pasta, bread (< 6 g of
whole grains/100 g), and sweets. Diets with low ED are
often recommended for weight control (Nordic Council
of Ministers, 2013) since they have been shown to
increase satiation and prolong the feeling of satiety (Holt
et al., 1995). A diet with low ED is therefore likely to
increase the risk for LEA in female athletes, especially
during periods with high training loads.

Carbohydrate intake and fiber content of the diet

In the present study, 50% of the athletes with LEA had a
carbohydrate intake of 6–10 g/kg/day, which is recom-
mended for endurance athletes with a training regimen
of 1–3 h/day (Burke et al., 2011). A carbohydrate intake
that is adequate to replenish glycogen storage after train-
ing is important because reduced carbohydrate availabil-
ity for the working muscles limits performance during
prolonged submaximal exercise as well as during
repeated bouts of high-intensity exercise (Burke et al.,
2011). Adequate carbohydrate intake is also important
for the effective restoration of liver glycogen in order to
maintain normal blood glucose levels and thereby facili-
tate LH pulsatility (Loucks, 2014). Even though there
were no differences in the carbohydrate intake between
EUM and FHA subjects in the present study, the FHA
athletes consumed less carbohydrate-rich foods, such as
white rice, pasta and bread compared with the EUM
athletes; these foods are important constituents of a
carbohydrate-rich diet and commonly recommended to
athletes in order to enhance performance (Burke et al.,
2011).

Diets rich in fiber are recommended for their health-
promoting effects, including weight regulation. Recom-
mendations to eat more fiber are primarily based on their
protective effect against colorectal cancer, cardiovascu-
lar disease, and type II diabetes (Nordic Council of
Ministers, 2013). The positive health-promoting actions
and periodically the weight regulatory effects of fiber are
also important to female athletes. However, in the
present study, 64% of the athletes (80% of the FHA
athletes) exceeded the upper level of the recommended
daily intake of fiber in the United States and the Nordic
countries (25–35 g/day; Institute of Medicine of the
National Academies, 2002, Nordic Council of Ministers,
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2013). Even when considering a potentially higher
energy intake, 72% (87% of the FHA athletes) exceeded
3 g/MJ (Nordic Council of Ministers, 2013) while 56%
(87% of the FHA athletes) exceeded 14 g/1000 kcal
(Institute of Medicine of the National Academies, 2002);
the high intake of dietary fiber was linked to FHA.
Therefore, while there are good reasons to encourage
fiber intake in the majority of the population, there might
also be good reasons to be concerned about high fiber
intake in some athletic populations. Very few studies
investigating dietary intake in female endurance athletes,
however, have reported the fiber content of the diet
(Deuster et al., 1986; Myerson et al., 1991; Laughlin &
Yen, 1996). The higher fiber intake among subjects with
FHA compared with EUM subjects that we found in the
present study has been reported previously in endurance
athletes by Laughlin and Yen (1996) and in recreational
active women by Reed et al. (2011). A high fiber content
beyond the upper recommended level is a potential nutri-
tional concern in this group of endurance athletes since it
could increase the risk for LEA by several mechanisms.
(a) Energy digestibility is affected by dietary fiber since
dietary fiber increases faecal fat excretion; the reported
amount of increased fat and energy excreted is normally
small, ranging from 24 to 72 kcal (100–300 kJ)/day in
intervention studies providing 7–20 g/day of dietary
fiber (Kristensen, 2009). However, a dietary fiber intake
as high as > 40 g/day, as seen among the female athletes
with FHA in the present study, might reduce energy
absorption even further and consequently increase the
risk for LEA. (b) Some dietary fiber, such as pectin in
fruit and potatoes, and grains, such as oats, barley, rye,
and wheat, form a gel-like structure in the stomach and
delay the passage of food into the duodenum. This
results in prolonged satiety, thus limiting the intake of
energy within a meal and delaying the return of hunger.
Other types of fiber, such as cellulose and hemicellulose
in vegetables and cereal bran, are not digested but bind
with water in the large intestine and increase satiation
because of their bulking effect (Kristensen, 2009). These
fiber-related effects are normally seen as beneficial.
However, in endurance athletes with a high total energy
expenditure, they can potentially become problematic
since high-intensity exercise also has been shown to have
an acute suppressive effect on appetite (Larson-Meyer
et al., 2012) rather than the converse. Hubert et al.
(1998) showed that short-term food deprivation
increased hunger in exercising women, but the same
energy deficit produced by exercise energy expenditure
did not. King et al. (1997) demonstrated that a substan-
tial increase in energy expenditure caused by intense
exercise does not automatically lead to increased hunger
or energy intake within 48 h in healthy young men, and
hence a nutritional challenge for athletes could be that
there is no strong drive to automatically match energy
intake to exercise energy expenditure. Therefore, the
combined effects of daily high-intensity exercise and a

high-fiber intake on appetite regulation might increase
the risk for LEA in female athletes. (c) Besides increas-
ing satiation because of their bulking effect, an excessive
fiber intake may lead to gastrointestinal disorders, such
as bloating and diarrhea (Lupton & Trumbo, 2006);
these are common problems among female endurance
athletes (Melin et al., 2014b). (d) Independent of the
effect of fiber on energy intake, studies have reported a
negative association between fiber intake and estrogen
levels in sedentary premenopausal women (Laughlin
et al., 1998; Aubertin-Leheudre et al., 2008). The pre-
sumed mechanism involves estrogens binding to fiber in
the colon, which reduces the reabsorption of circulating
estrogen (Aubertin-Leheudre et al., 2008) and hence
increases the excretion of estrogens in the feces. Estro-
gen excreted in bile needs to be hydrolyzed before it can
be reabsorbed, and a presumed indirect estrogen-
lowering effect of fiber is reduced β-glucuronidase activ-
ity in the colon, which leads to reduced reabsorption of
estrogen (Aubertin-Leheudre et al., 2008). These results
support our findings derived from the multiple regres-
sion analysis that a high fiber intake, independently of its
effect on EA or ED, could potentially increase the risk of
FHA in female athletes. Even though clinical trials have
shown a negative association between dietary fiber
intake and estrogen levels in sedentary premenopausal
women (Laughlin et al., 1998; Aubertin-Leheudre et al.,
2008), a potential effect needs to be tested in controlled
experiments in athletes in order to confirm that the nega-
tive associations between a high fiber content of the diet
and FHA derive from a causal relationship.

Protein intake

The recommended protein intake for endurance athletes
is 1.2–1.7 g/kg/day (Philips, 2011), and periods with low
energy and/or carbohydrate intake may increase amino
acid oxidation and hence protein requirements. In the
present study, the protein intake was generally high and
exceeded the recommended 1.2–1.7 g/kg/day for endur-
ance athletes (Rodriguez et al., 2009). In addition, 71%
of the subjects with LEA reached a protein intake of
1.8–2.0 g/kg/day recommended during energy defi-
ciency in order to minimize the loss of FFM and to
optimize glycogen storage (Burke et al., 2011); this
might have contributed to the similar FFM found in the
LEA group compared with the group with optimal EA.
On the other hand, a high protein intake, as observed
among the female athletes in the present study (1.9 g/kg/
day), is considered to result in a less ED diet than a diet
with more carbohydrates and, in particular, fat (Stubbs &
Whybrow, 2004) and could increase the risk for LEA. In
the present study, 80% of the subjects with FHA had a
protein intake > 1.7 g/kg/day, and a combined excessive
intake of both protein and dietary fiber could therefore
increase the risk of energy deficiency, especially in
periods of large training volumes.
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Fat intake

In the present study, athletes with LEA had a lower
intake of fat compared with those with optimal EA. The
same dietary characteristic was seen in FHA subjects
compared with EUM athletes, although no difference in
energy intake was found, which supports the findings of
earlier studies of female endurance athletes (Deuster
et al., 1986; Laughlin & Yen, 1996). Horvath et al.
(2000) found that ad libitum energy intake from a low fat
diet (17 E%) during a month provided only 60% of the
energy requirement in female runners; with a higher
contribution of energy intake from fat, energy deficiency
was found to be lower. In the present study, however,
only one athlete had a lower fat E% than the recom-
mended 20–35 E% for athletes (Rodriguez et al., 2009).
The presence of LEA, despite the recommended fat E%,
emphasizes the importance of not assessing diet
adequacy by the relative macronutrient distribution. In
the present study, the mean relative intake was 1.8 g
fat/kg/day for the EUM athletes, which is similar to the
1.9 g fat/kg/day reported by Deuster et al. (1986). In
comparison, subjects with FHA had a fat intake of 1.4 g/
kg/day in the present study just as reported by Deuster
et al. (1986).

Eating behavior

The reason for LEA could be due to intentional restric-
tion of food intake in order to obtain and/or maintain a
low body weight or as a result of a range of pathological
conditions, from disordered eating behavior to clinically
overt eating disorders (Nattiv et al., 2007). In the present
study, we wanted to investigate dietary characteristics
related to EA and/or reproductive function without the
presence of an abnormal and pathological eating behav-
ior, so subjects diagnosed with disordered eating behav-
ior or eating disorders were excluded. Interestingly, we
still found higher, although not pathological, EDI-3 and
DT scores in the athletes with FHA, indicating a height-
ened concern with dieting and a more entrenched pursuit
of thinness compared with the EUM athletes. De Souza
et al. (2007) used an elevated DT score as a proxy indi-
cator for energy deficiency in exercising women and
found no difference in the current energy intake between
exercising women with elevated vs normal DT levels,
while the prevalence of MD was higher in women with
an elevated DT score compared with those with a normal
DT score. These results are in line with our findings of a
higher DT score in female athletes with FHA compared
with EUM subjects despite similar current energy intake
or EA obtained. We also found that a higher DT score
was associated with a diet with lower ED, a higher
content of dietary fiber, and a more restricted intake of
fat and carbohydrate-rich food. These combined results
indicate that even a slightly increased drive to lose
weight or to maintain a low body weight with a diet

following the general dietary guidelines increases the
risk for persistent LEA and FHA in athletes.

Practical implications

Early detection and intervention of LEA with or without
disordered eating behavior or eating disorders and FHA
are important in order to prevent long-term health con-
sequences (such as impaired bone health), to optimize
performance and recovery, and to prevent injury and
gastrointestinal problems (Nattiv et al., 2007; De Souza
et al., 2014; Mountjoy et al., 2014). The high prevalence
of LEA and FHA found in this population of female
endurance athletes emphasizes the importance of spe-
cific dietary recommendations for female athletes. The
recommended treatment for the endocrine and reproduc-
tive disruptions caused by LEA is to secure adequate EA
by modifying the diet and/or the training regime, and in
order to ensure adequate energy for all physiological
functions, an EA ≥ 45 kcal (188 kJ)/kg FFM/day is rec-
ommended (De Souza et al., 2014). Dietary recommen-
dations for female athletes with FHA include increasing
energy intake with 300–600 kcal (1.2–2.4 MJ)/day
(Mountjoy et al., 2014) in small increments in order to
avoid unwanted weight gain. Based on the results from
the present study, we suggest that the following addi-
tional practical considerations could be used to guide
nutritional prevention and treatment of LEA and FHA in
female athletes:

• Calculate nutritional needs based on total energy
expenditure and carbohydrate and protein require-
ments (g/kg/day) derived from the individual’s goals
and sport-specific training regimen (Rodriguez et al.,
2009) and then add the required amount of energy
from carbohydrate-rich foods and fat in order to limit
the volume of the meals.

• Follow the general dietary guidelines concerning
absolute intakes of dietary fiber (e.g. 25–35 g/day), but
not necessarily relative to energy intake (g/1000 kcal
or g/MJ), in order to reduce the risk of low ED.

• Besides ensuring an adequate intake of fat, increase
ED by replacing some of the whole-grain products and
fruit and vegetables with more carbohydrate-rich
foods.

• Increase energy and carbohydrate intake by replacing
non-energy-containing with energy-containing drinks,
such as fruit juices, milk, and sport drinks.

Furthermore, the fact that 11 out of 45 athletes (24%)
participating in the initial clinical examination protocol
in the present study were diagnosed with disordered
eating behavior or eating disorders emphasizes the
importance of prevention and early detection and the
need for multidisciplinary professional treatment of
these disorders in order to address the possible underly-
ing psychological factors (Nattiv et al., 2007; Mountjoy
et al., 2014). Our results also indicate that even a slightly
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increased drive to lose weight or maintain what is con-
sidered an appropriate body weight or body composition
in the sport is associated with a diet characterized by
lower ED and lower fat as well as high dietary fiber
content and thereby an increased risk for persistent LEA
and FHA.

Limitations

This cross-sectional study cannot demonstrate any caus-
ative effect of dietary factors on EA or FHA. However,
our results suggest that diets with lower ED and high
dietary fiber are nutritional issues in female athletes that
need to be prioritized. Several methodological difficul-
ties are involved in quantifying a clinically useful EA,
including under-reporting or under-eating (Burke, 2001),
timing of the assessment in order to collect data repre-
sentative of the athletes’ habitual EA, and difficulties in
capturing the habitual EA because of variations in train-
ing and food intake over time. Assessing EA during a
single 7-day period, as we have done in this study, does
not necessarily capture the athletes’ habitual EA, and
measuring the EA at a different period could have given
a different result. In this group of athletes, moderate
weight fluctuations are frequent, and even if there were
no self-reported changes in weight during this limited
observational period, it is a limitation that body weight
was not measured during the recording period. Finally,
the large number of outcomes evaluated in the present
study increases the risk of false-positive findings, so the
study should primarily be seen as exploratory with a
need for future confirmatory studies.

Perspectives

The present study demonstrates that a diet with a lower
ED, a more restricted intake of fat, carbohydrate-rich
foods, and energy-containing drinks as well as a high
content of dietary fiber are dietary characteristics asso-
ciated with LEA and FHA in female endurance athletes
and should be targeted for nutritional intervention and
adjustment. Our results indicate that even a slightly

increased drive to lose or maintain a low body weight is
associated with dietary characteristics likely to increase
the risk for persistent LEA and FHA. Handling the issue
of leanness and body weight with care is therefore of
paramount importance in sport environments. An athlete
who needs to lose weight should be provided with pro-
fessional counseling, ensuring a time-limited nutritional
treatment plan with proper and effective guidelines for
weight loss that ends with re-establishing an optimal EA
and weight stability. Controlled intervention trials spe-
cifically designed to investigate potential direct and/or
indirect causal relationships between high dietary fiber
content and FHA in female athletes are needed.
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