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Abstract

The loss of bone mineral components is an obvious and progressing process in elderly
men and women. The rate of the bone metabolic turnover is associated with the nutrition
and environmental conditions. Vitamins and minerals in a diet are indispensable for both
prevention and treatment of diseases. The aim of the present study was to evaluate vita-
min D, calcium (Ca) and phosphorus (P) content and to compare Ca-P homeostasis in daily
dietary intake among the elderly members of a population-based study in Ko³obrzeg.

The examined population comprised a group of 479 randomly chosen people aged >
51 years, including 316 women and 163 men. The eating habits of the respondents were
evaluated in 2009. The information on individual food consumption was obtained by dieta-
ry history interviews (3 x 24-hour dietary recall).

The research proved that the vitamin D and Ca supply with a daily diet was extremely
low, in contrast to the P content, which significantly exceeded the recommended daily in-
take for this age group. Daily food rations of both women and men were not properly
balanced in terms of Ca and P and vitamin D. It was revealed that the vitamin D supply
in the daily dietary intake of the elderly persons was very low, covering  from 22 to 40%
of the Adequate Intake (AI). Vitamin D is necessary for maintaining an appropriate cal-
cium and phosphorus homeostasis in the body and ensuring that many tissues, organs and
cells function properly. A diet rich in vitamin D and Ca has been identified as playing a po-
tential role in the prevention of bone diseases.
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A change in dietary habits can be an important factor in reducing the incidence of
chronic diseases, particularly an elevated fracture risk in osteoporosis.

Key words: calcium-phosphorus homeostasis, vitamin D, daily food rations.

ANALIZA WYBRANYCH SK£ADNIKÓW MINERALNYCH I WITAMINY D
W CA£ODZIENNYCH RACJACH POKARMOWYCH OSÓB STARSZYCH

W ASPEKCIE GOSPODARKI WAPNIOWO-FOSFORANOWEJ

Abstrakt

Utrata masy kostnej u ludzi starszych jest zjawiskiem naturalnym i postêpuj¹cym za-
równo u kobiet, jak i mê¿czyzn. Tempo obrotu metabolicznego tkanki kostnej zale¿ne jest
od sposobu od¿ywiania i uwarunkowañ œrodowiskowych. Odpowiednia zawartoœæ witamin
i sk³adników mineralnych w racjach pokarmowych oraz proporcje miêdzy nimi s¹ istotne
w prewencji i terapii ¿ywieniowej. Celem pracy by³a analiza poda¿y witaminy D, wapnia
i fosforu w ca³odziennych racjach pokarmowych osób starszych oraz ocena homeostazy wap-
niowo-fosforanowej.

Badania przeprowadzono w 2009 r.,  w Ko³obrzegu, metod¹ sonda¿u diagnostycznego,
stosuj¹c kwestionariusz wywiadu (na podstawie trzech wywiadów 24-godzinnych) wœród lo-
sowo wybranych 479 osób (316 kobiet i 163 mê¿czyzn) powy¿ej 51. roku ¿ycia.

W analizie iloœciowej badanych racji pokarmowych stwierdzeno, i¿ posi³ki badanych ko-
biet i mê¿czyzn by³y nieprawid³owo skomponowane; wykazano niedobory witaminy D i wap-
nia, a jednoczeœnie nadmiern¹ zawartoœæ fosforu w stosunku do rekomendacji ¿ywienio-
wych oraz niew³aœciwe proporcje miêdzy analizowanymi sk³adnikami diety. Zawartoœæ
witaminy D w analizowanych racjach pokarmowych kobiet i mê¿czyzn by³a bardzo niska,
pokrywa³a zapotrzebowanie badanych od 22 do 40% okreœlonego zapotrzebowania na po-
ziomie wystarczaj¹cego spo¿ycia (AI). Witamina D jest niezbêdnym elementem do utrzyma-
nia homeostazy wapniowo-fosforanowej w organizmie i zapewnia w³aœciwe funkcjonowa-
nie tkanek, narz¹dów i komórek.

Zmiana zwyczajów ¿ywieniowych badanych osób starszych mo¿e obni¿yæ ryzyko roz-
woju przewlek³ych chorób niezakaŸnych, w tym z³amañ koœci w osteoporozie.

S³owa kluczowe: homeostaza wapniowo-fosforanowa, witamina D, dzienne racje pokar-
mowe.

INTRODUCTION

Nutritional deficiencies of the ageing population are attributed to chron-
ic diseases, inadequate nutrition, reduced absorbability as well as inefficient
use of nutrients. The loss of bone mineral constituents is an obvious and
progressing process in elderly men and women. It is understood that the
bone mass accumulates in the first two decades of human life, afterwards
remaining stable until approximately 40 years of age. The rate of the bone
metabolic turnover is associated with the nutrition and environmental con-
ditions. Nutrition should be among bone disease prevention strategies, espe-
cially as the human population is ageing and a diet produces an important
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effect on bone health. Bone is the major store of both phosphorus and calcium
(ANDERSEN et al. 2005, BONJOUR et al. 2009, PEACOCK 2010). There are some
nutrients that are essential for attaining good bone tissue formation and
maintaining its optimal metabolism, e.g. Ca, P, Mg, Zn, F as well as vita-
mins D, A, K, C and protein (TANG et al. 2007, ZHU, PRINCE 2012).

Calcium is an essential element that is available to the body only
through dietary sources. An adequate Ca supply in a diet appears to be the
main condition for keeping the right level of bone mass and slowing down
its decrease (ZHU, PRINCE 2012). Possible reasons for Ca deficiency in an or-
ganism may be its insufficient supply, reduced absorption from the alimen-
tary tract and excessive excretion with urine. Calcium is deposited in bones
in the form of calcium-phosphate salt. Phosphorus is essential for the nor-
mal bone formation and therefore plays a very important role during the
skeletal development. However, there are much larger stores of phosphorus
than calcium in soft tissues, reflecting the central role of phosphorus in
energy metabolism, intracellular signaling and cell structure (PEACOCK 2010).
Phosphorus is ubiquitous in almost all foods. Although P deficiency was nev-
er a real problem in human nutrition, a surplus of phosphorus in the diet
was more of the concern.

Vitamin D, parathormone (PTH), calcitonin and sex hormones play
a principal role in maintaining calcium and phosphorus homeostasis and the
balance between bone creation and bone resorption. Vitamin D is necessary
to keep the right calcium and phosphorus homeostasis in the body and also
to ensure that many tissues, organs and cells, unrelated to mineral economy,
function properly (HOLIK 2006, 2007, HINES et al. 2010, CHRISTAKOS et al. 2011).

The aim of the study was to evaluate the content of vitamin D as well
as Ca and P and to compare the status and calcium-phosphorus homeostasis
in daily dietary intake for the elderly by a population-based study in
Ko³obrzeg.

MATERIALS AND METHODS

The study was conducted in 2009, in the Rehabilitation and Recreation
Center in Ko³obrzeg, Poland. The participants were healthy adults aged >51
year. The examined group comprised 479 persons (316 women and 163 men)
who were selected randomly from 1200 people. Three different age groups
were distinguished for men and women: age 51-65; 66-75 and > 75 years.
Each of the participants was individually inquired about the diet from 3 days,
according to recommendation by the Food and Nutrition Institute
in Warsaw.
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The serving size was established based on products and portions report-
ed by the respondents. The energy value and contents of nutrients in daily
food intake were appraised with the aid of a computer program based on
the current tables of values of nutritional products worked out at the Food
and Nutrition Institute in Warsaw. The computer program takes into ac-
count the loss of nutritional value during food processing technological proc-
esses versus raw products. The assessment of the participants’ eating habits
was carried out using Polish recommendations (BU£HAK-JACHYMCZYK 2008, WO-
JTASIK, BU£HAK-JACHYMCZYK 2008).

An Excel 2010 calculation sheet was used to process the results, while
the Polish version of Statistica 10.0 for Windows (StastSoft® Krakow, Pol-
ska) was applied to submit them to statistical evaluation. Statistical signifi-
cance was determined by the Mann-Whitney U test for comparison of quan-
titative data between two groups. The Kruskal-Wallis test was applied to
comparative analysis of more than two groups. The level of statistical signif-
icance was set at p < 0.05 and the Spearman’s correlation coefficient for
nonparametric variables distribution was used.

RESULTS AND DISCUSSION

The examined population of elderly subjects, who did not take any die-
tary supplements, was divided into different age groups. It was revealed
that the levels of the basic nutrients in the tested cohort’s rations had been
not well-balanced (Table 1). Differences in the energy delivered with food
within the tested groups were noticed. The results indicate that the group
of men <75 y received less energy with daily dietary intake than required,
while seniors >75 y were provided with more energy with food than needed.
Irrespectively of the age range, energy values found for elderly women al-
ways exceeded the required levels. The protein content exceeded the recom-
mended quantity limits for all the age groups of both men and women.
Statistically significant (p = 0.0004) differences appeared in the consumed pro-
teins within the examined age groups.

It was established that the energy intake from eaten fat was too high,
exceeding 35% among all the respondents, while the percentage contribu-
tion of carbohydrates to energy intake was on the lowest recommended lev-
el. Actually, the average level of carbohydrates consumed in g d–1 was found
to be on an acceptable level among the participants of the survey. However,
the ratio between digestible carbohydrates and fats was inappropriate com-
pared to the energy supply.

Statistically significant differences in the calcium and phosphorus intake
within all examined population divided by gender were established by the
Man Whitney U test, p = 0.002 for Ca and p = 0.02 for P (Figure 1).
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The average Ca, P and vitamin D concentrations in the daily food por-
tions of the interviewees are presented in Tables 2 and 3. The RDIs for Ca,
P and vitamin D are different in different countries and regions. There is
no consensus in Europe, e.g. in Poland RDIs are different for adults, post-
menopausal women and the elderly (WHO/FAO 2004). It is claimed that while
quite a number of people between the age of 60 up to 75 are still active
physically, socially and professionally, most of those over 75 years of age
have worse present worse life quality indicators.

The updated standards for calcium intake have been agreed on a level
of sufficient consumption; for adults over 50 years old, 1300 mg of calcium
per day is recommended (WOJTASIK, BU£HAK-JACHYMCZYK 2008). The average
content of calcium has been determined from 786±350 to 809±488 mg in
women’s daily dietary intake, irrespective of their age, which enables them
to achieve a sufficient calcium intake level from 60 to 62% of the standard
(Table 2). MARKIEWICZ and co-workers have obtained similar outcome when
analyzing the calcium content in daily food rations of elderly people from
Podlasie, revealing calcium deficiency of the diets (MARKIEWICZ et al. 2009). It
appears that men’s daily food rations contained from 853±225 to 883±213 mg
of calcium, which corresponds  to 66- 68% of the level considered as
a sufficient calcium level intake. The insufficient calcium intake in daily food
rations among the examined elderly population is a disturbing finding (AN-
DERSEN et al. 2005, TANG et al. 2007, BRONKOWSKA et al. 2010). A much lower
calcium intake among women than men has been ascertained in our study;
moreover, the most severe calcium deficiency (786±350 mg d–1) has been
found within the 66-75 y age group. We have shown that calcium deficiency
in a daily food ration of the subjects does not depend on the gender. Ca
deficiency is a common problem, especially among elderly women. There
has been an ongoing process of decreasing the estrogen level among the
tested women. This  causes a growing risk of a bone mass decrease within
aging and the risk of osteoporosis can only be reduced by sufficient Ca (TANG

Fig. 1.  Comparison of daily calcium and  phosphorus intake by the examined males
and females (Man-Whitney U test, p = 0.002 for Ca and p = 0.02 for P)
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et al. 2007, STRANSKY, RYSAVA 2009, PEACOC 2010). There are several vital roles
that Ca plays in the human body apart from building the skeletal system.
For example, calcium is essential in sustaining proper cardiac functions. It
also participates in metabolic processes, nerve impulse conduction, muscle
contraction, etc. (VELICER 2008, PEACOC 2010). Despite positive changes in the
eating habits that have recently been occurring in Poland, Poles often eat
diets which do not satisfy the nutritional recommendations. Apparently, the
level of calcium intake in Poland is low, reaching 598 mg d–1 (WOJTASIK,
BU£HAK-JACHYMCZYK 2008).

The results of the daily dietary intake analysis carried out among all
the men’s and women’s age groups showed higher than required phospho-
rus content, i.e. 245-273% for women and 234-273% for men. The systemic
phosphoric metabolism together with the calcium metabolism are the main
factors responsible for the maintenance of calcium/phosphate homeostasis.
An optimum Ca:P ratio in a daily dietary intake is 1:1, but after converting
into the gravimetric unit index it equals 1.3 (BONJOUR et al. 2009). The aver-
age Ca:P  ratio (presented in grams) within the analyzed diets of different
women’s age groups was 1.8 within the age group of 51 to 65 y, 1.8 from 66
to 75 y of age and 2.0 among the most senior group. The respective results
for men were: 1.7, 1.5 and 1.6. Comparing the content of phosphorus to
calcium in the respondents’ food rations, we obserevd simultaneous growth
trends in all diets except the diets of men aged > 75 y.

Presence of phosphorus in such food products as cheese, poultry, fish
and cereal is responsible for an unstable balance between calcium and phos-
phorus in a human organism. This is due to the fact that phosphates and
polyphosphates are added to food products. Chronic hyperphosphatemia might
lead to stimulation of bone tissue resorption (BONJOUR et al 2009, STRANSKY,
RYSAVA 2009, ZHU, PRINCE 2012). The reason for hyperparathyroidism, which
is manifested by higher than normal PTH secretion. might be the calcium/
phosphorus low ratio in a diet. Moreover, vitamin D plays an essential role
in calcium and phosphorus metabolism. Without vitamin D, only 10-15%
dietary calcium and about 60% of phosphorus are absorbed (HOLIK 2006).
The relationship between Ca and vitamin D in daily intake rations was in-
vestigated. Within most of the examined groups, the correlation between Ca
and vitamin D is very weak or nonexistent.

The standards proposed in Poland are adapted to the ones by FAO/WHO
and expressed as an Adequate Intake (AI) of vitamin D. The organism’s
requirement for  vitamin D can vary and a daily dose ranges from 10 to
15 µg of vitamin D per se according to the age (BU£HAK-JACHYMCZYK). The
vitamin D supply including daily dietary intake among the examined elderly
persons was very low. The lowest and the highest levels in the women’s
daily dietary intake were 4.0±2.8 and 4.4±4.0 µg d–1, respectively. Among
the men, they ranged from 2.7±1.2 to 3.6±3.0 µg d–1. In all of the men’s
and women’s diets, the required supply of vitamin D was covered from 22 to
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40% of the AI levels. Vitamin D deficiency in elderly population may be
a cause of bone mineralization disorders and muscle tone decrease, which
raise the risk of falls. The reduced dermal synthesis and insufficient quanti-
ty of vitamin D delivered in a diet are presumably the reason for a vitamin
D shortage in elderly population (ANDERSEN et al. 2005, HOLIK 2007).

The results of studies have shown relatively low vitamin D intake lev-
els in Poland and in other European countries, like Denmark and Ireland,
reaching no more 3.8 µg day–1  (ANDERSEN et al. 2005, BONJOUR et al. 2009).

The research carried out among the elderly population proved that the
vitamin D and calcium supply including daily dietary intake was extremely
low. In contrast,  the dietary phosphorus content exceeded the recommend-
ed daily intake for this age group by 234 to 279%. Results of studies across
the world (ANDERSEN et al. 2005, HOLIK 2007, TANG et al. 2007, VELICER 2008,
KAVIANI et al. 2012) show insufficient calcium and vitamin D levels among
elderly people.

CONCLUSIONS

Particular attention must be drawn to educational programs for elderly
people and the need of calcium and vitamin D supplementation in a diet in
order to prevent negative effects of malnutrition. In conclusion to the above
data, in order to restore the lost metabolic stability in senior people it will
be necessary to correct their lifestyles, including changes in the nutritional
habits, which should be accompanied by intensive educational efforts regard-
ing nutrition. Low calcium and vitamin D levels along with an excessive
phosphorus content in the analyzed diets might be the reason for develop-
ing health disorders related to the lack of  calcium/phosphorus homeostasis.

Regular monitoring of the elderly people’s nutrition seems to be a good
starting point for improving their diets, which may help to slow down the
biological ageing process and to deter physiological and pathological changes.
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