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Abstract 

The aim of the work was estimation of the protein–energy and mineral nutritional status of women doing military service in Polish Army, as an indication of proper nutrition. Total of 161 young women, including 117 students and 44 women officers took part in this research. 79 of them studied in the Military University of Technology (MUT) and 38 in the Polish Naval Academy (PNA). Nutritional status was assessed based on anthropometric examination and its results were used to indicate the body mass index (BMI) and total fat content in body. Based on m/parameters the percentage of women indicating under and overweight or obesity was determined. Mineral nutrition status was assessed based on bones mineral density measurements. The DEXA densitometry and the EXA 3000 apparatus were used for bones density measurements. Measurements were done on distal parts of forearms. 

An average age of examined female students amounted to 22.05±1.25, body height - 166.5±5.6 cm, and body mass - 61.1±8.6 kg. Thickness of 4 selected skin folds was as follows: on biceps 2.44±0.39 mm, on triceps 2.68±0.41 mm, under scapula 14.98±5.13 mm and over iliac 18.85±5.96 mm. Underweight was found among 3.4% of examined students (BMI 17.0-18.4 kg/m2) while overweight was found among 12.8% of examined women (BMI 24.5-29.9 kg/m2), whereas 1.7% of examined students indicated obesity (BMI 30-39.9 kg/m2). Standard BMI (18.5-24.4 kg/m2) was found among 82.1% of students. The PNA female students underwent follow-up examination on nutritional state estimation after one year of studying. Average height of examined women amounted to 167.4±4.14 cm and body mass - 62.5±10.76 kg. It was found that nutrition manner and intensive physical exercises resulting from the course of study and duties in the PNA caused increase of percentage of students indicating underweight (8% vs. 5.5%) and overweight (16% vs. 11.1%) while obesity was not found at all (2.8% vs. 0%).

Average age of the examined women officers was 29.8±5.9. Women were distinguished by the height of 165.0±6.1 cm and body mass of 60.6±8.81 kg. The arm circumference was 26.8±2.84 cm, whereas skin folds thickness was as follows: on biceps 2.43±0.37 mm, on triceps 2.69±0.56 mm, under scapula 14.84±5.19 mm and over iliac 20.65±8.17 mm. Underweight was found among 4.5%, overweight - 18.2%, and obesity - 2.3% of examined women.  

Based on results of densitometry examinations, disturbances in bones mineralization of different intensity were found among 117 women i.e. 72.7% of all examined women. Disturbances typical for osteopenia were found among 46% of examined women and the ones typical for osteoporosis among 26.7% of examined females. For students the numbers were as follows: MUT students 40.5% and 38%, PNA students 63.2% and 15.8% and women officers 40.9% and 15.9% respectively.

Results of the examinations show that nutrition manner, both students of military academies and professional women soldiers, in many cases unprofitably affected the protein- energy and mineral nutrition state of examined women. Modification of norms obligatory in Polish Army and their adjustment to women’s nutritional demands seems to be purposeful. As part of the civilization diseases prophylaxis it is essential to carry out nutritional education among women doing military service in Polish Army. 

1. Introduction
One of the distinctive phenomena taking place at the turn of the centuries in all Polish Army’s units was gradual feminization of the army. Political and social transformations taking place in the beginning of the nineties as well as membership in NATO enforced gradual feminization of the Polish Army.

Polish women don’t have to do compulsory military service, except for some individual cases. In accordance with provisions of the Act on compulsory military service, obligation of recruitment involves graduates from secondary schools and higher education institutions who are educated in the following professions: medical, veterinary, maritime, aviation, psychology, physiotherapy, radiology, laboratory analyses, IT, navigation and translation [22]. This obligation regards women educated in mentioned above professions, from 1st of January of the calendar year when they are 18 up to they are 24 (graduates from the secondary schools) or up to 28 (graduates from higher education institutions). More and more women have free will to enlist in the army to test their fitness, self-control and resilience to hardship of military service. 

Women in the Polish Army have been doing military service since 1988. They serve in all types of units – Land Forces, Air Forces, Navy and Special Forces as well; they are members of all 3 corps – privates, non-commissioned officers (N.C.O.) and officers. 

Fundamental change in military education in Poland took place at the turn of 1999 and 2000. As a part of the integration of the Polish Army with NATO the Ministry of National Defence enabled women to take up study at military academies. This decision caused an increase of number of women soldiers in the Polish Army. Intake of women into military schools that started in 1999 caused extension of a range of specialties women can work in. Generally, decision to allow women to work on every position, without any barriers or obstacles, to have an access to different military specialties, was taken. The Ministry counted on natural influx of volunteers, in accordance with their ambition and education abilities, and in the future with actual abilities to reconcile military service with family life. The only barrier might have been adaptation to the military service conditions on account of environmental conditions service is done, which can be harmful for women. In 1990 there were 32 women serving in the Polish Army, in 1995 there were over 100 of them, five years later – almost 300, in 2005 just under 600, and in 2006 over 650 women soldiers [18]. According to the data at the end of 2007 there were 962 women doing military service in the Polish Army, what made 1,2 % of all regular soldiers, whereas in military schools of different types there were 256 women. Total number of active regular women soldiers is 1218 (Tab. I.).

Tab. I. Number of women serving in the Polish Army in 2007* [17] 
	
	Officers

(women)
	Non-commissioned officer N.C.O.

(women)
	Privates

(women)
	Total


	Total
	% of women



	
	
	
	
	women


	men
	
	

	Land Forces


	201
	124
	3
	328
	28976
	29304
	1,1

	Air Force 


	69
	57
	4
	130
	14803
	14933
	0,9

	Navy 


	49
	20
	4
	73
	6266
	6339
	1,2

	Special Forces


	5
	1
	
	6
	1 264
	1270
	0,5

	Headquarters of the Warsaw Garrison 
	7
	3
	
	10
	1669
	1679
	0,6

	Military Police 


	16
	14
	1
	31
	2625
	2656
	1,2

	Inspectorate for Armed Forces Support 
	29
	52
	6
	87
	7976
	8063
	1,1

	Others 


	174
	84
	39
	297
	14014
	14311
	2,1

	TOTAL


	550
	355
	57
	962
	77593
	78555
	1,2


* This table doesn’t include 256 women who study in the military schools and academies. 

Military service, especially during competing for being regular soldier, is related with a total change in lifestyle resulting from the training along with type and specificity of a military unit. One of the main elements important for keeping soldiers’ good psychophysical condition is nutrition manner along with energy and nutritive value of used food rations. In the Polish Army all soldiers are fed in accordance with the military nutrition norms. Obligatory norms were worked out mainly for men. 

Does a nutrition model obligatory in the Polish Army meet the nutrition requirements of women soldiers? 

The aim of the work was estimation of the protein–energy and mineral nutritional status of women doing military service in the Polish Army, as an indicator of proper nutrition.

2. Material and methods
Total of 161 young women, including 117 students and 44 women officers took part in the research. 79 of them studied in the Military University of Technology (MUT) and 38 in the Polish Naval Academy (PNA). The nutritional status was evaluated using anthropometrical methods. The height of the body, the body mass and circumference of shoulder were measured. Also, the thickness of four chosen skin folds were measured using the Holtain LTD caliper with the constant pressure 10 g/mm2. The following skin folds were measured: above triceps and above biceps on an arm, under an interior angle of shoulder blade and above iliac ala. Using above data the body mass index (BMI) and the total fat content were calculated. Based on these parameters, and using the Ferro-Luzzi calculating method, the percentage of women indicating under and overweight or obesity was determined [6]. Women indicating BMI <18,5kg/m2 were classified as  underweight, the BMI of 18,5-25,0 kg/m2 characterised women of normal weight, overweight was observed when BMI was 25,0-30 kg/m2, whereas obesity when BMI > 30 kg/m2. 

Estimation of the bone mineral density was conducted with the DEXA densitometry method with use of the apparatus EXA 3000. The measurement was executed in the distal part of a forearm bone. This method delivers the quantitatively measurable information on the bone mass and makes possible prognosis of the mechanical bone resistance state. The results were expressed as T-score index and examined persons were divided into groups depending on this index value as the norm (T-score = ±1.0), as osteopenia (T-score <-1> -2.5), or also as osteoporosis (T-score < - 2.5). 

This method, without examination of the clinical state, does not permit to raise the univocal diagnosis regarding the occurrence of osteoporosis, however delivers the quantitatively measurable information of the bone mass and makes possible prognosis of the mechanical bone resistance state. The results of densitometry examinations concerning bone density constituted the basis for assessing the number of women with skeleton calcification disorders, characteristic for osteopenia and osteoporosis.
3. Results
An average age of examined female students was 22.05±1.25, body height - 166.5±5.6cm, body mass - 61.1±8.6kg, and arm circumference – 27.0±2.8cm. The thickness of 4 selected skin folds was as follows: on biceps 2.44±0.39mm, on triceps 2.68±0.41mm, under scapula 14.98±5.13mm and over iliac 18.85±5.96mm. Underweight was found among 3.4% of examined students (BMI 17.0-18.4 kg/m2) while overweight among 12.8% of examined women (BMI 24.5-29.9 kg/m2), whereas 1.7% of examined students indicated obesity (BMI 30-39.9 kg/m2). Standard BMI (18.5-24.4 kg/m2) was found among 82.1% of students. 

As it was shown in the research carried out among 79 of female students studying in the Military Technical Academy, underweight was found among 2.5% of them, overweight in 13.6% and obesity in 1.2% of all examined women. The anthropometric examination among 38 female students of the PNA was carried out twice. During first examination an average body height was 167.5±5.4cm and body mass 62.2±9.3kg. Underweight was found in 5.5% of examined female students, overweight in 11.1%, and 2.8% of them were obese. The PNA female students underwent follow-up examination on nutritional state after one year of studying. Average height of examined women amounted to 167.4±4.1cm and body mass - 62.5±10.7kg. It was found that nutrition manner and intensive physical exercises resulting from the course of study and duties in the PNA caused increase of percentage of students indicating underweight (8% vs. 5.5%) and overweight (16% vs. 11.1%) while obesity was not found at all (2.8% vs. 0%) (Fig.1.).
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Average age of the examined women officers was 29.8±5.9. Women were distinguished by the height of 165.0±6.1cm and body mass of 60.6±8.81kg. The arm circumference was 26.8±2.8cm, whereas skin folds thickness was as follows: on biceps 2.43±0.37mm, on triceps 2.69±0.56mm, under scapula 14.84±5.19mm and over iliac 20.65±8.17mm. Underweight was found among 4.5%, overweight - 18.2%, and obesity - 2.3% of examined women. 

Based on the results of densitometry examinations, disturbances in bones mineralization of different intensity were found among 117 women, i.e. 72.7% of all examined women. Disturbances typical for osteopenia were found among 46% of examined women and the ones typical for osteoporosis in 26.7% of examined. For students the numbers were as follows: MUT students 40.5% and 38%, PNA students 63.2% and 15.8% and women officers 40.9% and 15.9% respectively (Fig.2). It was shown that after one year among PNA students the changes typical for osteopenia and osteoporosis diminished from 63.0% to 46.2% and from 15.8% to 3.8% respectively. 
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4. Discussion 
The nutrition norms obligatory in the Polish Army are based on examination of physical burden of men doing military service in different types of military units. Therefore nutrition implemented in accordance to these norms does not include differences in nutrition requirements related to distinction between sexes. Women, students from military schools and academies as well as these doing military service on warships are fed according to the Polish military nutrition norm 020, while for women pilots the nutrition norm 040 is used. Use of alimentation that is in accordance with mentioned above norms should deliver over 4 500 kcal (Tab. II). 
Tab. II. Energy value, protein, fat and carbohydrates content in nutrition norms of Polish soldiers in peacetime [20]
	Lp.
	Name of the food ration 
	Kcal
	KJ
	Content of nutritive elements 

(g)



	
	
	
	
	Protein
	Fat
	Carbohydrates

	
	
	
	
	Total 


	Animal 
	Total
	Animal 
	Total
	Cellulose

	1.
	Basic nutrition norm for soldiers 010
	4228


	17715
	156,4


	83,7


	139,4
	98,8
	686,4
	56,0

	2.
	Basic nutrition norm for students 020
	4532


	18989


	164,6


	91,4


	145,5


	114,5


	693,1
	57,2

	3.
	Basic nutrition norm -special 030
	4613
	19328
	186,3


	123,6


	155,2
	124,3
	663,5
	57,4

	4.
	Basic nutrition norm -operational 040
	4535
	19001
	193,6
	132,6
	165,8
	134,5
	612,8
	52,2

	5.
	Basic nutrition norm -operational 044
	5369
	22496
	212,4
	117,6
	217,1
	164,5
	696,2
	59,5

	6
	Additional nutrition norm - general 110
	1031
	4320


	37,3
	23,4
	46,6
	39,7
	125,5
	12,1

	7.
	Additional norm for beverages160
	-
	-
	-
	-
	-
	-
	-
	-


Few researches on alimentation assessment and evaluation of women, serving in the Polish Army, nutritional status pointed out occurrence of abnormalities resulting from the use of such food rations [11, 12, 16]. Researches carried out in the Polish Army regarded women candidates for regular soldiers or regular soldiers doing military service in the units where soldiers were collectively fed, such as pilots during training days or Navy officer corps doing their service on warships. 
Results of examinations carried out in the Military Technical University demonstrated that average energy value of the planned for consumption food ration amounted to 4677.6±326.3 kcal, value of the ration given for consumption was lower and amounted to 4035±404 kcal, while value of the really eaten ration was over 1000 kcal lower compared to the planned ration and amounted to 3556±441 kcal. Protein content in the really eaten ration made 14.6% of the ration’s entire energy while fat delivered 28.1% and carbohydrates 57.3% of energy. It was found that average daily food ration weighted 3100-3300g [3]. Results of other researches on energy and nutritive value of food rations used in alimentation of women, students of the Polish Land Forces Military Academy, univocally pointed out a high caloricity of meals used for their alimentation what caused increase of the body mass within 2 years by 3.14 kg, and at the same time students’ fitness stabilized or even decreased [16]. Huge energy value of used in men alimentation rations is closely related with big volume of dishes, often exceeding physical possibilities to be eaten by women. Female students of military schools usually don’t eat the whole ration. They skip some meals at all or eat only some products or dishes. It seems that so high energy and nutritive value of the food rations, despite intensive physical exercises related with different than in other civilian academies schedule, may significantly influence on nutritive status of female students, stimulating overweight and even obesity occurrence. If limitation on consumption or selective consumption of some dishes may cover students’ requirements for energy, inasmuch such way of nutrition may lead to arising of deficiencies of some nutritive elements and related to these health disturbances. Results of researches on influence of nutrition manner of women in the U.S. Army revealed that there was a great risk of insufficient iron, calcium and folic acid intake with food [15]. 
Results of previous examinations of nutritive status of women doing military service in the Polish Army shown occurrence of overweight among 10.4% and obesity in 1.5% of examined women, while 3% presented low body mass [13]. Researches, carried out in 1995, on nutritional status of 17400 women serving in the U.S. Army demonstrated that average BMI value was 22.7±3.29, At the same time value of this index among 13,9% of examined amounted to 27.3 or more, what indicated overweight. Overweight occurrence increased with age and amounted to 3.6% in the age group under 21, up to 28.4% among 40-year-old women [24]. Results of Bray et al. researches revealed that 10.5% of women aged under 20, serving in the U.S. Army, indicated overweight while percentage of women aged 20-25 was 5.6%, and 9.1% of women aged 26-34 indicated overweight. Among older women, aged 35 and more, this percentage amounted to 11.4% [4].
Results of many researches on nutritional status of women studying in the American military academies illustrated common overweight occurrence. Overweight was found in 14% of the West Point Academy female students [7]. 
As it has been shown by recently carried out researches 4% of women serving in the U.S. Army is obese what causes depression occurrence among 49% of obese women soldiers [14]. It is assumed that in the US Army the prevalence of overweight among active-duty women is at least comparable to that of similar population of civilian women. A large percentage of military women surveyed reported that they exceeded weight standards, and even a larger percentage reported they are dieting or are dissatisfied with their weight [8]. Based on the results of examinations carried out in 1995 in the U.S. Navy Academy it was found that 10% of female students indicated different types of disturbances in nutritional status [5]. Examinations carried out among women serving in the U.S. Army revealed underweight occurrence among 4.8% of women serving in the Land Forces, among 3.6% serving in the Navy, 6.8% serving in Marines and 4.7% serving in the Air Forces what made in an average 4.7% of the entire population of women soldiers [24]. 
Surveys regarding estimation of alimentation carried out among female students from military schools and academies in Poland revealed that nutrition norm for women should be differentiated from the men’s one. Such opinion was stated by 60% of surveyed women, and 50% of questioned women said that volume of meals served in the canteens was too big [16]. Women assessed nutrition in the army as sufficient, although 71.8% of inquired was not satisfied with variety of meals. 91.3% of asked women were buying additional food products, mainly fruit, dairy products, sweets and beverages [11].
Calcium is one of the most important nutritive elements, which content in the daily diet, beside genetic factors, intensity of physical activity and sex hormones level, is a fundamental factor influencing osseous mass in human body. The peak bone mass is achieved in the age of 25 on average. Afterwards, in the mature years, only exchange of calcium in the osseous system takes place. Achieving the peak bone mass is the main factor forecasting risk of osteopenia and osteoporosis occurrence along with bones’ fractures risk in the following years. 

In Poland, consumption of calcium is excessively low and in certain social groups totals no more than 50% of recommended dietary allowances. Data of epidemiological researches show that over 25% of Polish population, aged over 50, is endangered with osteoporotic fractures and femoral neck fractures make 9% cases of hospitalisation in orthopaedic departments. Analyse of the layouts of daily calcium consumption among men and women show that 70% of food rations for men and 84% ones for women contained insufficient amount of calcium [21]. Nutrition norm for calcium, obligatory in the Polish Army, fully meets the requirements for Polish population (Tab. III). 
Tab. III. Content of mineral elements and vitamins in the food rations of soldiers during peacetime [20] 
	Lp
	Name of the food ration 
	Content of mineral elements and vitamins

	
	
	Calcium

mg
	Phos
phorus

mg
	Iron

mg
	Magne
sium

mg
	Vit. A

μg
	Vit. B1

mg
	Vit. B2

mg
	Vit. PP

mg
	Vit. C

mg

	1.
	Basic nutrition norm for soldiers 010
	1204,1
	2620,2
	27,93
	671,9
	1620
	3,32
	2,98
	3,91
	157,7

	2.
	Basic nutrition norm for students 020
	1213,7
	2704,1
	28,62
	681,7
	1590
	3,47
	3,08
	33,15
	166,0

	3.
	Basic nutrition norm - special 030
	1316,5
	3097,3
	27,98
	748,1
	1693
	3,73
	3,60
	39,24
	216,3

	4.
	Basic nutrition norm - operational 040
	1388,3
	3072,6
	27,18
	718,2
	1835
	3,73
	3,67
	39,92
	254,7

	5.
	Basic nutrition norm -operational 044
	2422,9
	3028,7
	57,38
	1235,9
	2060
	3,57
	3,23
	43,01
	137,9

	
	Additional nutrition norm – general 110
	391,6
	589,3
	5,78
	86,1
	920
	0,73
	0,75
	5,39
	86,2

	
	Additional norm for beverages 160
	750,0
	0,0
	0,0
	225,0
	0,0
	0,0
	0,0
	0,0
	0,0


The effects of calcium deficiencies in adults are osteopenia and osteoporosis. 

Likewise now, results of previous examinations of 133 women, doing military service in the Polish Army, revealed unprofitable changes, of different degree, in bones mineralization among 75,9% of examined. 48.1% of women indicated changes typical for osteopenia while among 27.8% the changes were typical for osteoporosis [2]. 
Occurrence of changes in bones calcification has been found among women soldiers serving in the other armies. Results of examination of 671 female US Marine Corps recruits revealed decreased values of bones density in 36 women (5.2%), who suffered from bones fractions during military training [1]. It was found that stress fractures occurred in as many as 14% of US female military recruits. Factors associated with stress fracture include: age, race, alcohol and tobacco use, weight-bearing exercise, lowest adult weight, corticosteroid use, and, in white women only, use of depo-medroxyprogesterone acetate (DMPA). Authors concluded that prevention of stress fractures in female military recruits should include a thorough assessment of lifestyle factors such as exercise patterns, alcohol and tobacco habits, and corticosteroid and DMPA use. Welch found that 74% of the women surveyed at the U.S. Military Academy at West Point, New York, developed secondary amenorrhea during their first year at the academy, and their incidence of stress fractures was 10 times higher than that for men [25]. Changes typical for osteopenia were found in woman who was a member of the flying personnel in US Air Forces [19]. Jones et al. also reported an increased incidence of stress fractures in military women [9]. Results of surveys revealed that the reason of low bones calcification among women serving in the Polish Army was low calcium intake. Indeed, food rations used for alimentation of Polish soldiers contained adequate amount of calcium, however, milk and dairy products were unwillingly eaten by women soldiers, and high-protein and high-cellulose diets and huge coffee consumption were the main reasons of insufficient calcium intake. 

Milk consumption in young American adults serving in the army is extremely low [10]. Data on food consumption from six military dietary assessment studies shown to have an average calcium intake of 924mg and calcium to phosphorus ratios averaged 1:1.5 for females. In general, female soldiers were slightly more aware than the general population about the relationship of dietary calcium intake to health [23]. 
5. Conclusions:

1. Alimentation of women soldiers in the Polish Army based on the currently obligatory norms may cause occurrence of increased risk of health disturbances connected with excessive energy, macro and microelements intake from one side and real possibility of some nutritive elements deficiencies and their consequences from the other side. 

2. Nutrition manner, both students of military academies and regular women soldiers, in many cases unprofitably affected the protein-energy and mineral nutritional state of examined women. 

3. Keeping good health state and high psychophysical condition of women doing military service in the Polish Army as well as prophylaxis of civilization metabolic diseases require urgent work out of different nutritional norms for men and women

4. As part of the civilization diseases prophylaxis it is essential to carry out nutritional education among women doing military service in the Polish Army. 
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Fig. 1. Occurrence of underweight, overweight and obesity among female students and women doing military service (%)
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Fig. 2. Percentage of women indicating changes in bones mineralization typical for osteopenia and osteoporosis 
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