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Abstract
Lutosławska G, Malara M, Mazurek K, Czajkowska A.  Daily intake of macronutrients and selected minerals in physically 

active female students in comparison with males of matched age and physical activity. Med Sport 2007, 11(4): 119-123.
Introduction: Many female sportsmen have sub optimal energy and nutrient intakes and are at risk on compromised 

nutritional status. Physical education female students are highly active  due to study program, which includes different sports 
(gymnastics, swimming, track and field). In addition, at least some of them  are engaged in specific sports at the club level. 
However, their dietary habits were not studied. 

Aim of the study: This study was undertaken to analyze daily intakes of energy, macronutrients and selected micronu-
trients (iron, copper and zinc) in male and female physical education students of matched physical activity.

Methods: In all subjects daily intake of energy, macronutrients, iron, copper and zinc was briefly assessed from 24 h 
food records taken over 4 days (2 week days and weekend) and analyzed using a computer program FOOD 2.

Results: In 84.5% of females and in 67.5% of males inadequate energy intake was noted. In females  52.3% of all 
participants were at risk of iron deficiency,  94.4 % were at risk of copper deficiency and 25.7% were characterized by 
inadequate zinc daily intake. The respective values in males were  0.8%, 69.9 % and 12.2% of all subjects. 

Conclusions: High percent of females in our study were characterized by inadequate total energy intake vs. recom-
mended for highly active women. The percent of males consuming inadequate amount of energy was lower than females. 
In consequence the risk of iron, copper and zinc deficiency in active females was higher than in males. However, high risk 
of copper deficit in the diet was noted in both sexes. 
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Introduction
It is well documented that nutritional demands of the 

body are determined by age, sex and physical activity 
(1).  At present there is no doubts that dietary habits may 
affect performance and numerous studies have focused 
on dietary needs of elite sportsmen engaged in exhau-
sting, high volume training and competition (2,3).  

On the other hand, there is a wealth of  data indica-
ting that female athletes due to pressure to lose weight 
practice unhealthy weight-control methods, mainly 
restricted food intake, but also diet pills or appetite 
suppressant  (4).  In consequence, many female sport-
smen, particularly those who participate in sports that 
emphasize leanness (distance running, figure skating, 
gymnastics), have suboptimal energy and nutrient 
intakes and are at risk of compromised nutritional 
status (5-7). This unhealthy eating practices result in 
low body fat content, but also bring about menstrual 
disturbances, decreased bone mineral density and 
impaired immune function (8-10).  

However, even in sports, which do not focus on 
low body fat energy intake in  female athletes, failed 
to meet the recommendation (11-13). 

According to Torsveit and  Sundgot-Borgen (14) 
disordered eating habits, low bone mineral density and 
menstrual dysfunction are observed in 12.4-15.2% of 
young normally active females, but are more frequent 
(up to 26.9 % of all participants) in high-performance 
female athletes.   

As a result of inadequate energy intake females frequ-
ently face the deficiency of minerals. It is well documen-
ted that the prevalence of iron deficit is likely to be higher 
in athletic groups, especially in young female athletes, 
than in healthy sedentary individuals  (15,16). 

However, it should be stressed that limited energy 
intake results also in inadequate other minerals supply. 
Lukaski et al. (17,18) have indicated that the mean 
copper intake in female club level swimmers covered 
only 52% of the safe intake level.  Similarly low daily 
copper intake has been reported in females engaged in 
different endurance sports  at international and natio-
nal level (12). In addition, in the cited studies copper 
to zinc ratio in the diet was high (8.0-8.7) suggesting 
depressed copper absorption (19).  

Taking into account substantial role of copper in 
iron absorption it seems likely that low copper intake 
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concomitantly with unfavorable zinc to copper ratio 
even further disturb  iron homeostasis (20). 

On the other hand, despite energy and minerals 
deficiency in the diet micronutrient status in female 
athletes  appeared relatively unaffected, probably due 
to their regular use of supplements (21).  In contrast, 
about 20% of young sedentary females not taking 
supplements were recognized iron deficient without 
anemia (22).  The percent of iron deficiency was even 
higher (36% of all participants) in  recreationally active 
young women (23).  

 It is worthy to note that the above-mentioned 
hazardous dietary habits and its consequences are not 
limited to female athletes. Excessive dieting is common 
among young females who do not accept their body 
and are aimed at leanness (24-26).   

Physical education students are highly active due 
to study program, which includes different sports 
(gymnastics, swimming, track and field). In addition, 
at least some of them  are engaged in specific sports 
at the club level. However, their dietary habits were 
not studied. 

Thus, this study was undertaken to analyze daily 
energy, macronutrients and selected micronutrients 
intake (iron, copper and zinc) in female and male phy-
sical education students of matched physical activity.

Materials and Methods
Subjects

A total of 232 subjects (123 males and 109 females) 
volunteered to participate in the study. All the subjects 
were healthy physical education students engaged in 
different sports (swimming, track and field, games). 
None of the participants were taking mineral supple-
ments on the regular basis. All the women participa-
ting in the study reported regular menses and were 
not taking hormonal contraceptives. The subjects 
were informed about experimental procedure and gave 
their written consent prior to the participation.  Study 
protocol was approved by the Ethics Commission in 
the University of Physical Education. 

Dietary records
In all subjects daily intake of energy, macronutri-

ents, iron, copper and zinc was briefly assessed from 
24 h food records taken over 4 days (2 week days and 
weekend) and analyzed using a computer program 
FOOD 2 purchased from the Institute of Food and 
Nutrition in Warsaw. A set of pictures of meals and 
foods were shown to the subjects by an experienced 
interviewer. The household measures of food intake 
were converted into gram weights. An interviewer 
assigned codes to the food reported by the partici-
pants and performed computer analysis. The mean 
daily intake of micronutrients in males and females 
were compared with the respective safe intake levels. 

Individual data of the daily intakes were compared 
with 2/3 of the respective safe intake levels.  Subjects 
consuming daily less than 2/3 of the safe intake levels  
were recognized as being at risk of deficiency (27). 

 
Statistical analysis

Data distribution was tested using Shapiro-Wilk 
test. Normally distributed data were compared us-
ing unpaired Student t-test. Data that did not fit to 
normal distribution were compared using nonpara-
metric Mann-Whitney test. The significance was set 
at p<0.05. Data are presented as mean ± SD. All the 
calculations were performed using Statistica v. 7.1  
(StatSoft, USA). 

 
Results

Male and female subjects did not differ with re-
spect to age and weekly physical activity (Table 1). 
The mean energy intake in females covered 71.9% 
and in males 88.4% of  recommended intake for 
subjects with high physical activity (Table 2).  The 
percent of energy derived from protein  did not 
differ in male and female students. In contrast, the 
percent of energy derived from fat in males was si-
gnificantly higher (p<0.005), but percent of energy 
derived from carbohydrates was significantly lower 
(p<0.004) than in female participants. In females  
the mean daily iron intake  covered 67.8%, in males 
- 135 % of the safe intake level. The mean copper 
intake covered 40.0 % and 56.0  % of the safe intake 
level in females and males, respectively. In female 
participants the mean zinc daily intake covered  
83.0%, in males 96.4% of the safe intake level. Zinc 
to copper ratio in the diet in males was markedly 
higher than in females  (p<0.001).  In female group  
52.3% of participants were at risk of iron deficiency,  
94.4 % were at risk of copper deficiency and 25.7% 
were characterized by inadequate zinc daily intake 
(Table 3). The respective values in males were  0.8%,  
69.9 % and 12.2% . Nutritional density of iron and 
copper in males was lower than in females (p<0.001). 
No between sex differences were noted with respect 
to zinc nutritional density (Table 4). 

Table 1. Subjects characteristics (mean ± SD)

Females (n=109) Males (n=123)
Age (years) 20.5 ± 1.4 21.1 ± 1.6

Body mass (kg) 60.4 ± 9.5 78.7 ± 10.9
Body height 

(cm) 168.6 ± 6.6 180.8 ± 6.0

BMI 21.2 ± 3.0 24.1 ± 2.7
Activity (h/

week) 10.2 ± 3.8 9.0 ± 2.1
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Table 2. Daily intake of energy,  macronutrients and mine-
rals in male and female subjects (mean ± SD)

Females (n=109) Males (n=123)
Energy (kcal) 1763 ± 568 2961 ± 769

(71.9)* (88.4)*
Protein (g) 60.7 ± 17.8 103.9 ± 30.8

(14.5 ± 2.7)** (14.5 ± 8.3)**
Fat (g) 68.0 ± 29.5 120.3 ± 39.2

(33.5 ± 7.0)** (36.0 ± 6.0)** a

Carbohydrates (g) 240.6 ± 77.3 383.6 ± 110.4
(52.0 ± 7.0)** (49.5 ± 6.1)** b

Iron (mg) 9.5 ± 2.8 14.8 ± 4.7
(67.8)^ (135)^

Copper (mg) 1.0 ± 0.3 1.4 ± 0.4
(40.0)^ (56.0)^

Zinc (mg) 8.3 ± 2.6 13.5 ± 4.0
(83.0)^ (96.4)^

Zn/Cu 8.8 ± 1.8 10.1 ± 1.9c 

* percent of  recommended intake; ** percent of energy derived from 
the respective macronutrient;  ^ - percent of  the safe intake level; 
a p<0.005 – significantly higher vs. females; b  p<0.004 – significantly 
lower vs. females; c  p<0.001 – significantly higher vs. females

Table 3. Percent of subjects at risk of micronutrient  defi-
ciency 

Females 
(n=109)

Males 
(n=123)

Iron 52.3  (57)* 0.8 (1)
Copper 94.4 (103) 69.9 (86)

Zinc 25.7 (28) 12.2 (15)
 *- in brackets  – number of subjects 

Table 4. Nutritional density (mg/1000 kcal) of iron, copper 
and zinc in the diet of male and female subjects (mean ± 
SD)

Females (n=109) Males (n=123)
Iron 5.5 ± 1.2 5.0 ± 0.9a

Copper 0.6 ± 0.1 0.5 ± 0.1a

Zinc 4.9 ± 1.0 4.6 ± 0.9
a  p<0,001 – significantly lower vs. females

Discussion
Our study indicated that both female and male sub-

jects consumed excess of protein providing 14,4 – 15,3 
% of energy against recommended 10-11% (28). This 
is in agreement with others data which indicated too 
high protein intake in Polish adolescents and students 
(29,30).  In addition, diet of our subjects  contained 

too much fat providing more than 30% of total energy 
(31). It is worthy to note that similar fat intake have 
been found by Gilis-Januszewska et al. (32) in male and 
female Cracow residents aged 45- 64 years. 

However, in the present study dietary habits of 
females were more favorable since the percent of 
energy from fat was slightly, but significantly lower 
and percent of energy from carbohydrates – slightly 
but significantly higher than in males. 

It should be stressed that the percent of energy 
derived from carbohydrates in males of our study (less 
than 50%) was similar to that reported by Pardo et al. 
(33) for Warsaw residents aged 35-64 years. However, 
in both male and female subjects were lower than 
recommended (34). 

Thus, it could be postulated that dietary habits of 
our subjects were typical for Polish population with 
excess of protein and fat and inadequate carbohydrate 
consumption. 

The mean iron intake in females of the present 
study covered 67.8% of the safe intake level (14 mg/
day) and was by 17% lower than reported in female 
adolescents and by 47% lower than in female medical 
students (35,36).  However, the mean daily intake of 
iron in our females were similar to that reported by 
Poprzęcki et al. (37) in female endurance athletes 
with high incidence (62.5% of all subjects) of iron 
deficiency. 

Taking into account high physical activity of our 
participants and their low daily iron intake  it could 
be postulated that they are at risk of depleted iron 
stores in the body.  This assumption was strengthe-
ned by the analysis of individual iron daily intake of 
our females indicating that 52.3% of all females were 
at risk of iron deficiency consuming daily less than 
2/3 of the safe intake level.  It is worthy to note that 
only one male subject consumed inadequate amount 
of iron in the diet (i.e. less than 2/3 of the safe intake 
level - 11 mg/day). 

Both female and male participants were characte-
rized by low copper intake since it covered only 40%  
and 56% of the safe intake level (2.5 mg/day) in females 
and males, respectively and was lower that reported 
by others in Polish students and adolescents (35,36), 
however was similar to that reported by Grooper et al. 
(38) in sedentary young females.    

The risk of copper deficiency in females (94.4% of 
all women) was much higher than in males (69.9% of 
all men). On the other, hand it should be pointed out 
that in both males and females high zinc to copper 
ratio (>6.0) in the diet could adversely affect copper 
absorption contributing to the depletion of its stores 
in the body (19,39,40).  

Moreover, potential copper deficiency due to in-
adequate intake in the diet and adverse effect of zinc 
excess may be detrimental for iron homeostasis. 
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It is well documented that in copper-deficient mice 
and rats pronounced disturbances in iron absorption 
was noted due to depressed activity of copper conta-
ining ferroxidases – ceruloplasmin and hephaestin 
(41,42). 

The mean zinc intake in female students covered  
83% of the safe intake level (10 mg/day), in males co-
vered 96.4% of the safe intake level (14 mg/day) and  
was similar to that reported by Ball and Ackland (43) 
in young men and women. In consequence, the risk of 
zinc deficiency was observed in 25.7% of female and 
only in 12.2% of male participants consuming less than 
2/3 of the respective safe intake level.   

The above data indicated that physically active 
females are at greater risk of iron, copper and zinc de-
ficiency in comparison with males of matched physical 
activity.  However, it is worthy to note that nutritional 
density of iron and copper in females was greater than 
in males indicating that females consumed more of 
these elements per each 1000 kcal than their male 
counterparts. Thus, diet quality in females was more 
favorable than in males. 

On the other hand, high percent of females in our 
study (84.5%) were characterized by inadequate total 
energy intake recommended for highly active women  
(2450 kcal/day) (1).  Therefore it could not be excluded 
that they were on low caloric diets. 

It should be stressed that among young Polish wo-
men aged 18.5-23.0 years about 60% are on low caloric 
diets to reduce body mass (44) and the same could not 
be excluded in female subjects of the present study. 

Taking into account high physical activity of our 
subjects caloric restriction in active women may be  
hazardous for their health possibly resulting in the 
deficiency of essential micronutrients. 

The frequency of too low caloric intake (less than 
recommended 3350 kcal/day) in male  subjects of the 
present study was less than in females (67.5%)  and 
in consequence they were characterized by lower risk 
of micronutrients deficit. However,  both sex were at 
high  risk of copper deficiency.   

Acknowledgment
This study was supported by the grant DS-77 and DS -

108 from the University of  Physical Education in Warsaw

References
1.	 Gertig H, Przysławski J. Bromatology. Principles in food and 

nutrition. PZWL, Warsaw, 2007 (in Polish).
2.	 Economos CHD, Bortz S, Nelson ME. Nutritional practices 

of elite athletes. Sports Med 1993; 16: 381-99.
3.	 Maughan RJ, Burke LM. Nutrition for sports performance.  

Kraków: Medicina Sportiva, 2000 (in Polish).
4.	 Sundgot-Borgen J. Eating disorders, energy intake, training 

volume, and menstrual function in high-level modern rhy-
thmic gymnasts. Int J Sport Nutr 1996; 6: 100-9.

5.	 Benson JE, Engelbert-Fenton KA, Eiseman PA. Nutritional 
aspects of amenorrhea in the female athlete triad. Int J Sport 
Nutr 1996; 6: 134-45.

6.	 Ziegler P, Nelson JA, Barrat-Fornell A. et al. Energy and 
macronutrient intakes of elite figure skaters. J Am Diet Assoc 
2001; 101: 319-25.

7.	 Ziegler P, Sharp R, Hughes V. et al. Nutritional status of 
teenage female competitive figure skaters. J Am Diet Assoc 
2002; 102: 374-9.

8.	 Kraiserauer S, Snyder AC, Sleeper M. et al. Nutritional, phy-
siological, and menstrual status of distance runners. Med Sci 
Sports Exerc 1989; 21: 120-5.

9.	 Montero A, Lόpez-Vaela S, Nova E. et al. The implication of 
the binomial nutrition-immunity on sportswomen’s health. 
Eur J Clin Nutr 2002; 56 (Suppl 3): 538-41.

10.	 Birch K. Female athlete triad. Br Med J 2005; 330: 244-6.
11.	 Felder JM, Burke LM, Lowdon BJ. et al. Nutritional practices 

of elite female surfers during training and competition. Int J 
Sport Nutr 1998; 8: 36-48.

12.	 Raczyńska B, Szczepańska B, Siwińska D. et al. Zinc and 
copper content and their interrelations in daily food rations 
of the endurance athletes. Biol Sport 1999; 16: 179-89.

13.	 Volek JS, Forsythe CE, Kraemer WJ. Nutritional aspects of 
women strength athletes. Br J Sports Med 2006; 40: 742-8.

14.	 Torsveit MK, Sundgot-Borgen J. The female athlete triad exists 
in both elite athletes and controls. Med Sci Sports Exerc 2005; 
37: 1449-59.

15.	 Beard J, Tobin B. Iron status and exercise. Am J Clin Nutr 
2000; 72 (suppl): 594S-7S.

16.	 Akabas SH, Dolins KR. Micronutrient requirements of phy-
sically active women: what can we learn from iron? Am J Clin 
Nutr 2005; 81(suppl): 1246S-51S.

17.	 Lukaski HC, Hoverson BS, Gallagher SK. et al. Physical 
training and copper, iron and zinc status of swimmers. Am J 
Clin Nutr 1990; 51: 1093-9.

18.	 Lukaski HC, Siders WA, Hoverson BS. et al. Iron, copper, 
magnesium and zinc status as predictors of swimming per-
formance. Int J Sports Med 1996; 17: 535-540.

19.	 Prasad AS, Brewer GJ, Schoomaker EB. et al. Hypocupremia 
induced by zinc therapy in adults. JAMA 1978; 240: 2166-8.

20.	 Linder MC, Hazegh-Azam M. Copper biochemistry and 
molecular biology. Am J Clin Nutr 1996; 63: 797S- 811S.

21.	 Beals KA, Manore MM. Nutritional status of female athletes 
with subclinical eating disorders. J Am Diet Assoc 1998; 98: 
419-25.

22.	 Pynaert I, Delanghe J, Temmerman M. et al. Iron intake in 
relation to diet and iron status of young adult women. Ann 
Nutr Metab 2007; 51: 172-181.

23.	 Sinclair LM, Hinton PS. Prevalence of iron deficiency with 
and without anemia in recreationally active men and women. 
J Am Diet Assoc 2005; 105: 975-978.

24.	 McCargar LJ, McBurney RF. The chronic dieting syndrome: 
metabolic and behavioural characteristics. Can J Diet Pract 
Res 1999; 60: 227-30.

25.	 Akande A. Sex differences in preferences for ideal female 
body shape. Health Car Women Int 1993; 14: 249-59.

26.	 Grover VP, Keel PK, Mitchell JP. Gender differences in implict 
weight identity. Int J Eating Dis 2003; 34: 125-35.

27.	 Ziemlański Ś. Interpretation of dietary recommended allow-
ances – at present and in the future. In:  Dietary allowances in 
men. Physiological basis. Ziemlański Ś, ed. Warszawa: PWZL, 
2001: 17-34. (in Polish)

28.	 Bułhak-Jachymczyk B. Human energy requirements. In:  
Dietary allowances in men. Physiological basis. Ziemlański 
Ś, ed. Warszawa: PWZL, 2001: 35-57. (in Polish)

29.	 Ostrowska L, Czapska D, Karczewski J. Evaluation of 
protein, fat and carbohydrates content in daily dietary 
allowances of students with overweight and obesity in the 
Medical Academy of Bialystok. Roczn PZH 2001; 52: 247-
56. (in Polish).

30.	 Ustymowicz-Farbiszewska J, Smorczewska-Czupryńska B, 
Karczewski J. et al. Qualitative and quantitative evaluation 
of dietary habits of youth from Białystok and suburbia. Wiad 
Lek 2002; 50 (suppl 1): 550-5. (in Polish)

31.	 Ziemlański Ś. Dietary fat recommendation. In: Dietary allow-
ances in men. Physiological basis. Ziemlański Ś, ed. Warszawa: 
PWZL, 2001: 78-114. (in Polish)



123
Daily intake of macronutrients and minerals in active females

32.	 Gilis-Januszewska A,  Topór-Mądry R, Pająk A. Education and 
the quality of diet in women and men at age 45-64, residents 
of Cracow. Przegląd Lekarski 2001; 60: 675-81 (in Polish).

33.	 Pardo B, Sygnowska E, Waśkiewicz A. et al. Fat consumption 
in daily food rations of Warsaw residents. Pol Tyg Lek 1992; 
57: 22-23. (in Polish)

34.	 Ziemlański Ś.  Dietary carbohydrate recommendation. Di-
etary allowances in men. Physiological basis. Ziemlański Ś, 
ed. Warszawa PWZL, 2001: 58-77. (in Polish)

35.	 Augustyniak U, Brzozowska A. Nutrient intake of the adole-
scents in Poland on the basis of literature from last ten years 
(1990-2000). Roczn PZH 2002; 53: 399-406. (in Polish).

36.	 Charkiewicz WJ, Charkiewicz AE, Markiewicz R. et al. Re-
alization of recommended dietary allowances for selected 
minerals and vitamins in daily diets of students from Medical 
University of Bialystok. Żyw Człow Metab 2007; 34: 128-31. 
(in Polish)

37.	 Poprzęcki S, Żebrowska A, Pokora I, Zając A. Iron status in 
female endurance athletes. Żyw Człon Metab 2007; 34: 434-9. 
(in Polish)

38.	 Grooper SS, Sorrels LM, Blessing D. Copper status of collegiate 
female athletes involved in different sports. Int J Sport Nutr 
Exerc Metab 2003; 13: 43-57.

39.	 Fischer PWF, Giroux A, L’Abbé MR. Effect of zinc on copper 
status in adult men. Am J Clin Nutr 1984; 40: 743-746.

40.	 Reeves 1998PG, Briske-Anderson M, Johnson L. Physiologic 
concentration of zinc affect the kinetics of copper uptake and 
transport in the human intestinal cell model, Caco-2. J Nutr 
1998; 128: 1794-1801. 

41.	 Reeves  PG, DeMars LCS, Johnson T. et al.  Dietary copper 
deficiency reduces iron absorption and duodenal enterocyte 
hephaestin protein in male and female rats.  J Nutr 2005; 135: 
92-8. 

42.	 Chen H, Huang G, Su T. et al. Decreased hephaestin activity 
in the intestine of copper-deficient mice causes systemic iron 
deficiency. J Nutr 2006; 136: 1236-41.

43.	 Ball MJ, Ackland ML. Zinc intake and status in Australian 
vegetarians. Br J Nutr  2000; 83: 27-33..

44.	 Kolarzyk E, Skop-Lewandowska A. The characteristics of 
chosen dietary behaviour of Cracow medical students and 
pupils. Żyw Człow Metab 2007; 34: 188-93. (in Polish).

Received: November 08, 2007
Accepted: December 24 , 2007
Published: December 31, 2007

Address for correspondence:
Grażyna Lutosławska
Department of Biochemistry
University of Physical Education
00-968 Warsaw 45
PO box 55
E-mail: grazyna.lutoslawska@awf.edu.pl

Author’s contribution
A – Study Design
B – Data Collection
C – Statistical Analysis
D – Data Interpretation
E – Manuscript Preparation
F – Literature Search
G – Funds Collection


