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Abstract
 Introduction: Meaning of regular physical exercise is generally estimated. However, currently to positive aspects of 

activities, professional sport can lead to serious healing disorders in women, especially in reproductive function. It has been 
provided that even 50% of female athletes suffer from hypothalamic menstrual disorders. 

The aim of this study was to estimate differences in the nutritional status and daily diets of triathlon female athletes 
with and without menstrual disorders. 

Material and methods: Twenty triathletes participated in the study. A questionnaire specially designed by the authors 
was used to assign athletes to two groups (regular cycle RC = 8, menstrual disorders MD = 12). The nutritional status was 
evaluated based on anthropometrical indices and analysis of body composition (percentage of adipose tissue [FM] and 
lean body mass [FFM]). Nutritional value was estimated by the 24-h dietary recall (record) method on 7 successive days. 
Total energy expenditure (TEE) was also estimated on the same days. 

Results: Body fat mass were significantly lower in MD athletes in compared to the RC athletes. The MD athletes diets 
were not properly balanced for energy and several nutrients: calcium, iron, vitamin A, niacine, folate, vitamin C), while the RC 
group diets supplied enough energy, but it was unbalanced with regard to contents of iron, vitamin A, folate and vitamin C. 

Conclusion: Unbalanced diets – negative energy balance, as well as low percentages of the adipose tissue in the body 
might contribute to menstrual disorders in female triathlon athletes. 
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Introduction
It has been very well documented that recreation 

physical activity is very important for obtaining a good 
psychophysical condition, but professional sport can 
led to many unfavourable health effects, especially in 
women [1-3]. In literature the so-called “female athlete 
triad” was described, defined as disordered eating, 
amenorrhoea and osteoporosis [1-4]. 

An abnormal menstrual cycle is generally attributed 
to an inhibition or dysfunction of the hypothalam-
ic–pituitary–ovarian axis [1, 3, 5]. Disorders in pulse 
secretion of gonadoliberin (GnRH), lower luteinizing 
hormone (LH) and estrogen levels, stimulation of 
the hypothalamic–pituitary–adrenal axis, hypercorti-
solemia and hyperandrogenemia have been observed 
in professional athletes [1, 3, 5]. These studies showed 
that a combination of intensive exercise, especially 
started before puberty, a negative energy balance, un-
dernutrition and stress as a inseparable factor of sport 
competitions might lead to menstrual disorders [4]. 
What is more, it is known that female athletes do not 
have sufficient knowledge on sport nutrition and they 
use inadequate dietary practice [4]. Disproportions 
between energy availability and energy expenditure, 
nutrient deficiencies, administration of laxative and 

dehydrating medicines or starvation can lead to an 
inadequate nutritional status, which can inhibit the 
reproductive function in women [4]. This problem as-
sumes a special meaning in specific disciplines, which 
demand low body and fat mass. The frequency of men-
strual disorders in different studies ranged from 3.7% 
to 80% and depended on the type of sports disciplines 
and the level of competition [1, 2, 6]. 

The aim of this study was to estimate differences 
in the nutritional habits and nutritional status of fe-
male triathlon athletes with and without menstrual 
disorders. 

Material and Methods
Twenty female triathlon athletes from the Poznań 

Sports Club participated in this study. The inclusion 
criteria for the study were no use of any hormonal 
medications, including oral contraceptives, a mini-
mum 3-year training period and a written consent 
form.

This study was approved by the Bioethics Commit-
tee at the Karol Marcinkowski University of Medicine 
in Poznan (no. 334/09). 

A questionnaire was used to estimate the type of 
disorders in the menstrual cycle and to include ath-
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letes to an adequate group. Questions asked for data 
on the characteristics of the menstrual cycle: age at 
menarche, duration of the menstrual cycle, duration 
of menstrual bleeding, non-appearance of menstrua-
tion, and painful menstruation. Athletes were also 
asked about their age at which they started training 
and daily exercise period. Athletes were included to 
two groups. The first included athletes with a regular 
menstrual cycle (RC: 10–12 menstrual bleeding in 
last years - eumenorrhoea), while the other comprised 
athletes with menstrual disorders (MD: polymenor-
rhoea – the appearance of menstrual bleeding more 
frequently than 21 days,  oligomenorrhoea – the ap-
pearance of menstrual bleeding in a period of 35 days 
to 6 months, amenorrhoea -  no regular menstrual 
cycles in a 3-month period if previous menstruation 
had been regular, or in a 6-month period if previous 
menstruation had been irregular) [2]. 

The nutritional status was evaluated based on 
anthropometrical indices (height, weight), using an 
anthropometer, coupled with a WPT 200 OC verified 
medical scale (Rad Wag) and BMI (kg/m2) calculation. 
Participants were dressed in minimal clothing during 
the measurements, which were recorded accurate to 
0.5 kg and 0.5 cm, respectively. The mean of three 
measurements was used as the representative value. 
Analysis of body fat mass (FM) and fat-free mass 
(FFM) was performed using BODYSTAT 1500 with 
the subjects lying in a supine position, after an over-
night fast [7]. The measurements were conducted in 
the morning hours. 

Dietary records for 7 consecutive days were ob-
tained under the supervision of dieticians. All meals 
(including cooking recipes and weight of items) and 
nonmeal foods, beverages, and fluids were recorded 
in a diary form. The nutritional value of daily diets 
(DRP), including these data, were analyzed for energy 
and nutrient levels, established by computer software 
package Dietetyk (Food and Nutrition Institute & A. 
Mięgoć), based on Polish food composition tables [9]. 
Moreover, “The album of photographs of foodstuffs 
and dishes” was also used [8]. Data of nutrient intake 
were shown as a percentage of nutrition allowances at 
the level of recommended dietary intakes for women 
a high level of physical activity [10, 11], with a devia-
tion of ± 10%. Moreover, the recommended intake of 
dietary fiber was assumed at 27–40 g [10].

Physical activity questionnaire was used to estimate 
total energy expenditure (TEE) of athletes, focusing 
on energy expenditure for training, which was evalu-
ated using a physical activity questionnaire, following 
procedures reported by Mulvihill et al. [12].

Comparisons between groups were carried out 
using a one–way ANOVA (post hoc, Tukey test for 
different N). Statistical analyses were performed using 
the STATISTICATM program, version 8.0 by StatSoft, 
Inc. (2008). 

Results
Menstrual disorders were observed in 12 athletes, 

which constituted 60% of the subjects. Two of the 
subjects (17%) suffer from amenorrhoea secundaria, 
while in four of them (33%) oligomenorrhoea was 
diagnosed. In turn, in five of athletes (25%) the cycle 
was shorter than 21 days (polymenorrhoea). The same 
percentage of athletes suffer from a typical menstrual 
irregularity (oligomenorrhoea with polymenorrhoea) 
(Table 1). 

Significant differences in body composition were 
found. The MD athletes had a significantly lower fat 
mass and a higher fat free mass, compared to the RC 
group (RC: FM 23.0 ± 2.1%, FFM 42.0 ± 6.1 kg, DM: 
FM 19.2 ± 1.5%, FFM 45.8 ± 4.9 kg, P<0.05) (Table 
2).

The main components of total energy expenditure 
of athletes were five hours of training (RC: 57% TEE, 
MD: 58% TEE). A single energy expenditure of train-
ing (WET) was 7.5 ± 1.2 kcal·kg·m.c.-1·h-1, proving 
its very high intensity. The next component of total 
energy expenditure was daily activity (classes and 
lectures included), to which female athletes devoted 
on average 11 h daily (RC: 30% TEE, MD: 29% TEE). 
Moreover, triathletes athletes spent on average seven 
hours sleeping, which in both groups accounted for a 
mean 13 % TEE (Table 3).

During the evaluation of dietary habits it was ob-
served that daily diets (DRP) of the MD athletes pro-
vided 13.3 ± 1.4 MJ/d (3202 ± 320 kcal/d), which was 
only 89% of total energy expenditure (energy balance 
MD: - 1.5 ± 0.7 MJ/d (-363 ± 178 kcal/d) (Table 4).

Furthermore, the percentages of nutrients were 
non-significantly different when compared to recom-
mended values for athletes training endurance disci-
plines (11) and in group RC they were: protein 14%, 

Table 1. Characteristic of menstrual cycle of athletes with menstrual disorders

Type of menstrual disorders Frequency 60% (n = 12)
Amenorrhoea 17 (2)
Oligomenorrhoea 33 (4)
Polimenorrhoea 25 (3)
Polimenorrhoea/ Oligomenorrhoea 25 (3)
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Table 2. Subject characteristics (Different of letter description indicate of significantly differences)

Regular menstrual cycle  (RC) 
n = 8  
40%

Menstrual disorders (MD) 
n = 12  
60%

Mean  ± standard deviation
Age (y) 19.2 ± 1.0 19.6 ± 1.0
Height (cm) 163.3 ± 5.8 167.7 ± 5.8
Body mass (kg) 54.7 ± 9.1 56.7 ± 5.8
BMI (kg/m2) 20.4 ± 2.1 20.1 ± 1.6
FM (%) 23.0 ± 2.1 19.2 ± 1.5*

FFM (kg) 42.0 ± 6.1 45.8 ± 4.9*

Training period (y) 3.5 ± 0.5 5.2 ± 1.2*

Daily exercise period (h per day) 29.2 ± 5.3 31.1 ± 3.7
Age of menarche (y) 13.3 ± 0.5 13.6 ± 0.9

* P < 0.05

Table 3. 24–h energy expenditure of subjects 

Regular menstrual cycle (RC) 
n = 8

Menstrual disorders (MD) 
n = 12

Mean  ± standard deviation
Total energy expenditure MJ/dz 
kcal/dz

14.6 ± 2.2 
3501 ± 528

14.9 ± 1.13 
566 ± 254

Training session MJ/dz 
kcal/dz  
(h, % TEE)

8.3 ± 1.8 
1990 ± 422 

(5, 57)

8.7 ± 1.0 
2073 ± 228 

(5, 58)
Daily activity (lectures included) MJ/dz 
kcal/dz  
(h, % TEE)

4.4 ± 0.9 
1056 ± 224 

(11, 30)

4.3 ± 0.4 
1019 ± 105 

(11, 29)
Sleep MJ/dz 
kcal/dz 
(h, % TEE)

1.9 ± 0.4 
455 ± 97 
(8, 13)

1.9 ± 0.2 
474 ± 53 
(8, 13)

Table 4. Energy balance of subject (Different of letter description indicate of significantly differences)

Regular menstrual cycle (RC) 
n = 8

Menstrual disorders (MD) 
n = 12

Mean ± standard deviation
TEE MJ/dz  
kcal/dz

14.6 ± 2.2 
3501 ± 528

14.9 ± 1.1 
3566 ± 254

Daily diets provided (DRP) MJ/dz  
kcal/dz

14.7 ± 1.8 
3520 ± 431

13.3 ± 1.4* 
3202 ± 329*

Energy balance MJ/dz  
kcal/dz

0.1 ± 1.1 
19 ± 282

-1.5 ± 0.7* 
-363 ± 178*

* P < 0.05

Table 5. Percentage of energy intake from nutrients

Regular menstrual cycle (RC) 
n = 8

Menstrual disorders (MD) 
n = 12

% energy intake from protein 14 15
% energy intake from fat 29 30
% energy intake from carbohydrate 57 55
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fat 29%, carbohydrates 57%, and in the MD group: 
protein 15%, fat 30%, carbohydrate 55%, respectively 
(Table 5). 

What is more, daily diets of triathletes were inad-
equately properly balanced for several nutrients. A 
significantly lower intake of calcium (MD: 72% rec-
ommended value 96%, P<0.05), iron (MD: 52%, RC: 
79%, P <0.05) as well as niacin (MD: 77%, RC: 111%, 
P <0.05) intake were found in athletes with menstrual 
disorders (Fig. 1).

The next negative aspect of dietary habits of athletes 
was associated with a lower dietary fiber intake (RC: 
25.8 ± 5.2, MD: 26.3 ± 4.4), below the lower limit of the 
recommended value and an inadequate ratio of calcium 
to phosphorus Ca : P (RC: 1.8 ± 0.4, MD: 2.3 ± 0.4).

Disscusion
Available literature contains information on the ef-

fect of training intensity on the frequency of menstrual 
disorders in female athletes [2, 13, 14]. Skierska [1] 
suggested that these dysfunctions might depend on 
the type of sports disciplines. The highest prevalence 
of menstrual dysfunctions is observed in esthetic – ac-
robatic activities (gymnastics: 38.2%) and endurance 
sports (marathon: 19.3%, runners: 52.9%). More recent 
studies have suggested that menstrual disorders are as-
sociated not only with intensive exercise, but also with 
low body mass and low body fat [1, 2, 15]. It has been 
recognized that 22% of body fat is the lower limit for 
obtaining regular changes in androgens to estrogens 
and estradiol. Lower fat mass, relatively frequently 
found in female athletes, may prove to be inadequate to 
maintain this process and lead to the inhibition of the 
functioning the hypothalamic–pituitary–ovarian axis 
[16]. In this study athletes suffering from menstrual 
disorders had a significantly lower fat mass compared 

to athletes with regular menstrual cycles. Also Farah et 
al. [5] observed a lower than recommended (22%) fat 
mass in athletes with menstrual dysfunction. Stokic et 
al. [14], examining body composition of ballet dancers, 
maintained that an inadequate body composition is the 
main cause of amenorrhoea in this group of women. 
However, in many studies no differences were observed 
in body and fat mass in female athletes suffering from 
menstrual disorders, in compared with eumenorrheic 
athletes [13]. Also Sanborn et al. [17] did not confirm 
a relationship between menstrual disorders and bone 
density in their study on female runners.

We also need to stress the fact that in this study 
energy balance was negative in female triathlon ath-
letes with menstrual disorders. What is more, athletes’ 
daily diets were not properly balanced in respect of 
nutrients: calcium, iron, niacin, vitamin A, foliate and 
vitamin C. Manore [15] reported on general female 
athletes’ undernutrition and emphasized the fact that 
deficiency of vitamin B, iron and zinc intake can unfa-
vourably affect reproductive functions in women and 
cause their dysfunction. What is more, the authors also 
pointed to the necessary increased supply of calcium, 
exceeding 1500 mg in diets of female athletes suffering 
from menstrual cycle disorders, due to the increasing 
risk of osteoporosis [15]. Kaiserrauer et al. [18] also 
linked the prevalence of menstrual cycle disorders in 
female runners with an insufficient energy value of 
the food ration in relation to the requirement. Also 
Christo et al. [19] reported a significantly lower energy 
intake in amenorrhoeic athletes as compared with 
eumenorrheic athletes. At the same time it was found 
that amenorrhoea or oligomenorrhoea are typical 
responses of the organism, manifested in a reduction 
of energy consumption, required for the maintenance 
of a complete menstrual cycle [5].

Fig. 1. Percentage of recommended dietary intakes
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There are many controversies hypothesizes about 
effect of consumption dietary fibre intake on the 
maintenance of reproductive functions. Lloyd [20] 
suggested that higher intake of dietary fibre might lead 
to irregularity in menstrual cycle irregularities due to 
an increased excretion of estrogens with faeces. In this 
research, as well as in studies presented by Christo et 
al. [19] these statement wasn’t been confirmed.

Long-term energy imbalance, inadequate nutrient 
intake and disorders in the hypothalamic–pituitary 
axis are especially dangerous due to the future con-
sequences connected with osteoporosis [20, 21]. In 
this respect the results presented by Cobb et al. [22] 
and Nicolas et al. [23] need to be mentioned, as these 
researchers observed a significantly lower bone density 
in female athletes with amenorrhoea in comparison to 
athletes with regular physiological menstrual cycles.

Conclusions
In female athletes with menstrual disorders: 

a) daily diets were inadequately balanced for energy 
in relation with total energy expenditure (negative 
energy balance).

b) the percentage of fat mass was lower when com-
pared to female athletes with regular menstrual 
cycles. 
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