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Summary

Study aim: To evaluate energy, macronutrient, calcium, magnesium, and phosphate daily intake in young healthy Polish male
students.

Material and methods: Two hundred and sixteen participants were physical education students engaged in regular physical ac-
tivity (about 9 h/week) and were recognized as physically active. One hundred and fourteen students were from other speciali-
zations participating in 1.5 h/week gymnastics classes and were recognized as sedentary. Body mass and height were measured
using standard medical equipment. Body fat was evaluated from four skinfold measurements. In all subjects daily intake of
energy, protein, fat, carbohydrates, calcium, magnesium and phosphate was briefly assessed from 24-hour food records taken
over 4 days.

Results: The active students’ diet was characterized by significantly higher energy, macronutrient and mineral daily intake.
Moreover, calcium to phosphorus and calcium to magnesium ratios in active subjects were higher than in sedentary ones. There
was no significant difference between groups in protein or magnesium intake expressed per 1000 kcal. In contrast, daily intake
of fat and phosphate expressed per 1000 kcal was significantly lower in the active students vs. sedentary ones (p < 0.001 and
p < 0.05 for fat and phosphate, respectively). Active students were characterized by significantly higher carbohydrate and cal-
cium intake per 1000 kcal in comparison with their sedentary counterparts (p < 0.001 for both variables).

Conclusions: The dietary pattern of active students was found to be slightly but significantly better than that of their sedentary

counterparts. However, in both groups it was far from being a healthy one.
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Introduction

In population-based studies the habitual diet in Cen-
tral and Eastern European countries including Poland was
found to be characterized by high intake of fat, protein and
processed food, but low intake of complex carbohydrates,
fruits, vegetables and dairy products [7, 21]. Thus, it re-
sults in low calcium and magnesium, but excessive phos-
phorus daily intakes [18, 41].

It should be stressed that calcium, magnesium and
phosphorus play a key role in a wide range of metabolic
functions. It is well documented that calcium (Ca2") is
involved in signal transduction in excitable and non-ex-
citable cells acting in both extracellular and intracellular
compartments [4, 8, 16]. Magnesium (Mg?") is a cofactor
in more than 300 enzymatic reactions and is required for

muscle contraction, glucose utilization, and synthesis of
nucleic acids, fat and proteins [19]. Phosphorus (inorganic
phosphate) is an important component of nucleic acids
and high energy nucleotides, and plays an important role
in cellular signal transduction [33].

In consequence, any disturbances in calcium, mag-
nesium and phosphorus homeostasis bring about serious
health problems. Suboptimal calcium and magnesium di-
etary intake increases the risk of cardiovascular disease
(CVD), insulin resistance, type 2 diabetes, hypertension
and osteoporosis [31, 34]. Additionally, high dietary phos-
phorus intake increases the risk of CVD in subjects with
normal kidney function and causes hormonal disturbances
related to bone health [10].

Numerous studies have shown that dietary habits are
related to many factors including age, sex, ethnicity and
socio-economic status [38]. There are also data suggesting
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that engagement in physical activity exerts a positive effect
on dietary habits of young subjects. Lake et al. [25] dem-
onstrated that active subjects aged 16-20 years consume
less fat and more carbohydrates in comparison with their
sedentary counterparts. Similarly, many studies have dem-
onstrated a significant positive relationship between fruit
and vegetable consumption and participation in physical
activity in adolescents and young adults [1, 30, 34]. More-
over, Barzegari et al. [3] noted better nutrition knowledge
and food habits in active college students.

Data concerning the association between physical ac-
tivity and dietary habits in Polish young adults are scarce
and concern exclusively lower daily intake of galactose
and saccharose in active medical students in comparison
with less active ones [14].

Thus, this study was undertaken and aimed at evalu-
ation of energy, macronutrient but also calcium, magne-
sium, and phosphorus daily intake in young healthy Polish
male students with respect to their physical activity.

Materials and methods

Participants

A total of 330 male students volunteered to par-
ticipate in the study. Of them 216 were physical educa-
tion students engaged in regular physical activity (about
9 h/week) due to their study program (swimming, games,
martial sports) and they were recognized as physically ac-
tive. One hundred and fourteen students were from other
specializations and declared participation in 1.5 h/week
gymnastics classes, and they were recognized as seden-
tary ones. Participants were recruited on the basis of
advertisements in student dormitories and by word of
mouth. All participants lived in a big city (over 1 mil-
lion inhabitants), were non-smokers, and declared that
they did not take any vitamin or mineral supplements
on a regular basis. Sedentary participants declared their
good health before the study, while the health status of
active students was confirmed by a medical certificate.
Before the study the participants were informed about
the procedures involved and gave their written consent.
The experimental protocol was accepted by the ethics
commission of the Jozef Pilsudski University of Physi-
cal Education in Warsaw.

Anthropometric measurements

Body mass and height were measured using standard
medical equipment. Body fat was evaluated from four
skinfold measurements (biceps, triceps, subscapular and
suprailiac) using a Harpenden Skinfold Caliper (British
Indicators, Burges Hill, UK). Each measurement was per-
formed twice and was repeated for the third time in the
case of discrepancies. The percentage of body fat was

calculated according to Durnin and Womersley [13]. Fat
mass and lean body mass (LBM) were also calculated.

Dietary records

In all subjects daily intake of energy, protein, fat, car-
bohydrates, calcium, magnesium and phosphorus was
briefly assessed from 24-hour food records taken over
4 days (2 week days and weekend) and analyzed using the
Photo Album of Products and Dishes and computer pro-
gram Dieta 4.0 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
and household measures of food were converted into gram
weights. Subsequently an interviewer assigned codes to
the food reported by the participants and performed com-
puter analysis. Daily intakes of calcium, magnesium and
phosphorus were referred to Polish recommended daily al-
lowances (RDA), which are 1000 mg/day and 400 mg/day
for calcium and magnesium, respectively [20]. Addition-
ally, the ratios of calcium to phosphorus and calcium to
magnesium daily intakes were also calculated.

Statistical analysis

Data distribution was evaluated using the Shapiro-
Wilk test. The Mann-Whitney test was used for data com-
parison. Significance level was set at oo = 0.05. The results
were expressed as the mean = SD. All calculations were
performed using Statistica v. 10 (StatSoft, [llinois, USA).

Results

Active and sedentary students did not differ with re-
spect to age, body mass or height (Table 1). Compared
to sedentary students, active ones were characterized by
significantly lower fat mass and percent of body fat but
higher lean body mass (p < 0.001). Daily ener gy and
protein intake and the percentage of energy derived from

Table 1. Anthropometric characteristics of active and
sedentary male students (mean + SD)

Active students  Sedentary students

(n=216) (n=114)
Age [years] 205+1.5 21.0+1.9
Body mass [kg] 774 +8.9 77.2+12.2
Body height [cm] 181.6 6.7 180.4 + 6.7
Fat [%] 13.0+3.9° 16.6 £5.0
Fat [kg] 10.1+£3.92 12.8+5.3
LBM [kg] 67.3+6.8%2 64.4+838

LBM - lean body mass; 2p < 0.001 — significantly different vs. seden-
tary students.
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protein in active participants were significantly higher
than in their sedentary counterparts (p < 0.01 for energy,
p <0.01 for protein intake and p < 0.01 for energy derived
from protein) (Table 2). In active students less energy was
derived from fat than in sedentary ones (p < 0.001). The
intake of carbohydrates in grams and the percentage of en-
ergy derived from carbohydrates were significantly higher
in active students than in sedentary ones (p < 0.001 and
p <0.01 for intake in grams and percentage of energy, re-
spectively). Additionally, active students had significantly
higher calcium (p <0.001) and phosphorus (p < 0.01) dai-
ly intake in comparison with sedentary students. Howev-
er, 53.2% of active students but 74.6% of sedentary ones
consumed daily less than 1000 mg of calcium (p < 0.001).

There was no significant difference between active and
sedentary males with respect to daily magnesium intake
or in fulfillment of its recommended intake. Calculated ra-
tios of calcium to phosphorus and calcium to magnesium
in active participants were markedly higher than those in
sedentary ones (p < 0.001).

Nutritional density of macro — and micronutrients in the
diet of active and sedentary male students is presented in
Table 3. There was no significant between-group difference
in nutritional density of protein or magnesium. In contrast,
nutritional density of fat and phosphate was significantly
lower in the active students than in the sedentary ones
(p<0.001andp<0.05forfatandphosphate,respectively).Ad-
ditionally,activestudentswerecharacterizedbysignificantly

Table 2. Daily intakes of energy, macro- and micronutrients in active and sedentary male students (mean = SD)

Active students

Sedentary students

(n=216) (n=114)
Energy [kcal/day] 2957 £ 7154 2756 + 682
Protein [g] 108.5 +29.82 100.3 +32.4
Protein [%] 15.0+3.02 14.0+3.0
Fat [g] 119.9+36.8 120.7 +36.2
Fat [%] 36.0£6.0° 39+6.0
Carbohydrates [g] 376.8 £100.4° 3249 +85.0
Carbohydrates [%] 49.0+£6.02 47.0+£6.0
Ca*2 [mg] 1064::5532;10.7 b 844.(4;3;2)05.0
Mg* [me] 361.(%;51)10.0 352.((;;:.41)16.0
P. [mg] 1730.0 £ 535.02 1573.4+£511.0
Ca*?/P, 0.61 £0.16° 0.54+0.16
Ca™?/Mg*? 29+1.0°b 24+09

* — in brackets — percent of students with daily mineral intakes lower than respective RDA; 2p < 0.01; ®p < 0.001 — significantly different vs. se-

dentary students

Table 3. Nutritional density of macro- and micronutrients in the diet of active and sedentary male students (mean + SD)

Nutritional density

Active students

Sedentary students

(g or mg/1000 kcal) (n=216) (n=114)
Protein 36.7+7.0 36.4+8.1
Fat 40.5+7.02 438+ 6.4
Carbohydrates 1274+ 15.12 117.9+£16.2
Ca%* 359.9+145.18 306.4 £ 120.6
Mg*2 122.1+26.1 126.6 +27.6
P. 585.0 +£126.1" 610.6 £ 126.6

1

ap <0.001; bp < 0.05 — significantly different vs.

sedentary students.
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higher nutritional density of carbohydrates and calcium
in comparison with their sedentary counterparts (p <0.001
for both variables).

Discussion

The most important findings of our study concern the
slightly but significantly positive effects of physical activ-
ity on dietary habits of male Polish students versus their
sedentary counterparts. Their diet contained less fat and
phosphorus but more carbohydrates and calcium. These
data are in agreement with results from other countries
concerning the differences in dietary habits in active young
adults in comparison with sedentary ones [22, 24, 27]. The
reason for these differences is not fully elucidated, but it
seems that active subjects are characterized by better nutri-
tional knowledge than their sedentary counterparts [28].

However, this does not mean that active participants
comply with a healthy diet, because in their daily intake
the percentage of energy derived from protein and fat was
too high, but energy from carbohydrates too low with re-
spect to the recommendations [29]. Moreover, both groups
were characterized by inadequate calcium and magnesium
but excessive phosphorus intake. Thus, they tend to fol-
low the habitual Polish diet with only minor modifications
found in active participants [2, 39, 40].

It should be stressed that in humans the majority of
calcium and phosphorus (90% and 99%, respectively) is
stored in bones [12]. Additionally, there are data indicating
that the ratio of calcium and phosphorus in the diet affects
their intestinal absorption, renal filtration and availability
for metabolic processes [6]. Much attention has been paid
to excessive phosphorus intake due to it detrimental ef-
fects on vitamin D synthesis, action and bone status [9].
Our study indicated that the calcium to phosphorus ratio in
both active and sedentary students is low, since according
to the RDA for both minerals it should be about 1.43:1,
but this value was not found in active or sedentary stu-
dents. However, in active students it was slightly but sig-
nificantly higher than in sedentary ones. Thus, both groups
of participants are possibly at risk of disturbed bone min-
eralization. This suggestion is in agreement with the find-
ings of Bertrand et al. [5], which indicated inadequate bone
mineralization in 26.7% of male Polish students. In addi-
tion, in the Polish population vitamin D deficiency due to
climate conditions has to be taken into consideration [26].

Additionally, it should be noted that in healthy Ko-
rean adults a low ratio of calcium to phosphorus in the
diet (0.5) possibly contributes to disturbed blood levels
of total cholesterol and HDL cholesterol [39]. Addition-
ally, Pereira et al. [32] found that a low ratio of calcium to
phosphorus in the diet of Brazilian adults (0.57) increases
the risk of obesity. Thus, it could not be excluded that due

to a low calcium to phosphorus ratio Polish students are
at risk of additional health problems as well as decreased
bone mineralization.

The lack of difference in magnesium intake in active
and sedentary subjects and a similar percentage of subjects
with a low magnesium intake suggest that both groups are
at risk of magnesium deficiency and its consequences such
as type 2 diabetes, CVD and cancer [15, 17, 23]. In addi-
tion, taking into account that 60% of body magnesium is
stored in bones and magnesium plays an important role in
vitamin D synthesis [36], it seems that in our participants
inadequate magnesium intake together with low calcium
and high phosphorus possibly contribute to decreased
bone mineralization [5].

On the other hand, it seems that the calcium to mag-
nesium ratio in the diet is important for health. In a large
Chinese population-based study a calcium to magnesium
ratio higher than 1.7 in males was found to be associated
with a reduced risk of mortality due to coronary artery dis-
ease [11]. A calcium to magnesium ratio lower than 1.7
was found in 8.3% of active, and in 19.3% of sedentary
participants of our study, with unpredictable health conse-
quences later in life, especially in sedentary ones.

Summing up, our study demonstrated that neither ac-
tive nor sedentary Polish students presented a pro-healthy
dietary pattern since only slight, though significant differ-
ences existed in fat, protein, carbohydrate, calcium, phos-
phorus and magnesium daily intake but also in the ratio of
calcium to phosphorus and calcium to magnesium. Thus,
taking into account the pronounced effects of minerals on
health, their status must be evaluated for detailed health
risk studies.

Conflict of interest: Authors state no conflict of interest.
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