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SUMMARY

Bones are mineralized connective tissue that provides to body anti-gravity support, enables movement
with the help of muscles, and protects internal organs. Individual skeletal quality, as a result of genetic,
hormonal, and external factors, such as nutrition, physical activity and others, is achieved during the
period of growth and development. Peak bone mass is attained by the end of the second decade of
life and is maintained until age 40-50, then gradually decreases without the possibility of rebuilt. It is
therefore clear that the lack of adequate bone mass building during the development period, in addi-
tion to the immediate consequences, represents a high risk of osteoporosis and its complications in
later life, especially in old age. The purpose of this article is to review the importance of optimal calcium,
phosphorus, and vitamin D balance and adequate physical activity during growth and development in

achieving maximizing peak bone mass.
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INTRODUCTION

Bones are specialized mineralized and mul-
tifunctional connective tissue composed of
minerals (60-70%), primarily hydroxyapatite
[Ca (PO,),(OH),], collagenous and non-col-
lagenous proteins (20-40%), cells (osteoblasts,
osteoclasts, and osteocytes) and a small portion
of water and lipids [1]. Osteoblasts induce the
formation of new bone by secreting collagen
tibers, which is then mineralized, while osteo-
clasts dissolve bone by secreting enzymes and
acids. Osteocytes arise from osteoblasts after
finished secreting matrix. They secrete soluble
factors that influence osteoclastic and osteo-
blastic activity and play a central role in bone
remodeling in response to mechanical stress.

According to their formation, structure,
and function, bones are divided into long, flat,
short, irregular, and sesamoid. Long bones in-
clude bones in the upper and lower limbs, while
flat bones form the skull, face, thoracic cage,
and the pelvis. Short bones are present in the
wrist and ankle, and the patella is a sesamoid
bone within the ligament of the quadriceps
femoris muscle.

Long bones, along with short bones and the
patella, support the body’s weight and enable
movement, while flat bones protect internal or-
gans of the head, face, thorax, and pelvis [2]. In
addition, within the flat bones is red bone mar-
row [2]. The vertebrae, the irregular bones of

the spinal column, support the head, neck, and
body, allowing them to move while protecting
the spinal cord at the same time [2]. In addi-
tion, bones are an endocrine organ, reservoir
of calcium and phosphorus, and a significant
participant in the regulation of acid-base ho-
meostasis of the body [2]. The hormonal role of
bone is reflected in the production of fibroblast
growth factor-23 (FGF-23), osteocalcin, and
sclerostin. FGF-23, which originates from os-
teocytes and osteoblasts, enhances renal phos-
phate excretion directly through inactivation
of sodium/phosphate cotransporter (NaPi)-2a
and NaPi-2c¢ in the proximal tubules and indi-
rectly by suppressing [1,25(OH),D,] synthesis
and promoting [1,25(OH),D,] conversion to
inactive [24,25(0OH),D,] [2, 3, 4]. Osteocalcin,
produced by osteoblasts, participates in the
regulation of energy metabolism, glucose toler-
ance, testosterone production, and bone resorp-
tion, while sclerostin, a product of osteocytes,
is a suppressor of osteoblast differentiation [2].

Skeletal quality, as a result of both genetic,
hormonal, and external factors, such as diet,
physical activity, and others, is attained by the
end of the second decade of life. Peak bone mass
achieved during that period is maintained un-
til age 40-50, then bone density gradually irre-
versibly decreases leading, if not at an adequate
level, to various consequences both during that
period and later [5-11]. Also, in numerous dis-
eases, both hereditary and acquired, various



The importance of optimal balance of calcium, phosphorus and vitamin D and adequate physical activity during the period of growth and development

Table 1. Dietary reference intakes of calcium (mg/d) [15]

glucocorticoids, calcitonin, and FGF-23 have an

Estimated Estimated | Recommended unfavorable effect [15, 16, 21]. The main route of
Age (male ; Upper e . . .
- average average dietary el elimination of calcium from the body is the kidney.
requirement requirement allowance .. . X
The majority of calcium filtered by the glomerulus
0-6 months - - 200 (Al) 1.000 .
is reabsorbed along the nephron, mostly (> 60%)
7-12 months - - 260 (Al) 1.500 . . T
3 00 00 700 5500 from the proximal tubule, so daily calciuria in a
—>years . .
Y healthy child does not exceed 4 mg/kg [16, 20]. A
4-8 years 800 800 1.000 2.500 ise insight into th lcium balance in the bod
9-18 years 1.100 1.100 1300 3000 | Preciseinsightinto the calcium balance in the body

Al - adequate intake

Table 2. Dietary calcium content, percentage absorption, and net absorbed

is obtained by determining the ratio of calcium to
creatinine in the urine (CaUmg/CrUmg), which
normally is 0.1-0.2 [15]. Due to low creatinuria, the

amount [24] upper reference value of CaUmg/CrUmyg in a child
Type of food Ses'ﬂVZ‘Q Sg':;g:: aEgzi;‘a;‘%i Naegsc:r';?;‘ in the first year is higher (up to six months 0.8, and
“ (mg) ("/S : (ma) 6-12 months 0.6) [16, 22]. The main stimulators
Cow milk 250ml | 310 32 100 of tubular calcium reabsorption are [1,25(0OH),D]
White beans (cooked) | 125 ml 85 2 18 and PTH, and the inhibitors are hyperphosphaturia,
Red beans (cooked) 125 ml 26 24 6 metabolic acidosis, and polyuria [16, 23]. In a state
Whole wheat bread slice | 35 g 2 82 21 of negative calcium balance, due to insufficient in-
Broccoli (cooked) 125 ml 33 20 20 testinal reabsorption and/or tubular reabsorption,
Spinach (cooked) 125ml | 129 5 7 maintenance of its serum and intracellular concen-
Almonds (raw, roasted) | 60g 97 21 21 trations is provided by the skeleton [20]. The induc-
Soy “milk” (unfortified) | 125 ml 5 31 2 ers of this process are PTH and [1,25(OH),D] [2].

pathogenetic mechanisms lead to serious disruption of the
integrity of the skeletal bone system [3, 12, 13, 14].

The aim of this review is to highlight the importance
of meeting optimal calcium, phosphorus, and vitamin D
needs, as well as maintaining adequate physical activity
during growth and development to achieve maximized
peak bone mass as essential components of health both
during this period and in later life.

CALCIUM

Calcium is the fifth most abundant element in the human
body. It is predominantly (99%) found in the hydroxyapa-
tite of bones and teeth, and only 1% in other tissues [15,
16, 17]. It is present in serum at concentrations of 2.12-
2.62 mmol/L, both in ionized and non-ionized form, and
in intracellular fluid at 100-200 nmol/L [15, 18]. Calcium
homeostasis is carried out at the level of the gastrointes-
tinal tract, kidneys and skeleton under the influence of
[1,25(0OH),D] and parathyroid hormone (PTH) [15, 16,
19, 20]. A standard diet, with an optimal balance of vita-
min D, meets the body’s calcium needs [15, 16]. It is most
abundant in milk and dairy products, as well as in green
leafy vegetables [15, 16]. Calcium is absorbed in the small
intestine, mainly by active transport and partly by passive
diffusion [15, 16, 20]. The main stimulator of intestinal
absorption is [1,25(OH),D], which induces enterocyte
expression of calcium channels, calbindin, Ca**ATPase
(calcium pump), and 3Na*/Ca** ion exchangers [16].
The utilization of calcium from food is favorably affected
by low chyme pH, lactose, lactic, and citric acids, some
amino acids PTH, growth hormone, prolactin, estrogen,
and insulin-like growth factor, while luminal phosphates,
oxalate, phytate, tannin, iron, rapid intestinal transit,
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Table 1 shows the recommendation of the

Institute of Medicine of the United States of America
(IOM) Committee [15] for reference intakes of cal-

cium in the diet during the period of growth and develop-
ment, and Table 2 shows the calcium content in the diet, the
percentage of absorption and the net amount absorbed [24].
For children aged 0-12 months, the adequate intake is
equivalent to the average calcium intake of a healthy and
optimally nourished breastfed infant, whereas at age 7-12
months, the adequate intake assumes 120 mg calcium from
human milk plus 140 mg calcium from complementary
food, while the recommended dietary allowances for older
children and adolescents are based on intakes associated
with bone accumulation and positive calcium balance [15].
As can be seen in Table 2, the calcium content in food
and the degree of its absorption are highly variable. Milk,
yogurt, and cheese are the best sources of calcium [15,
24]. The degree of calcium absorption from breast milk
compared to cow’s milk, due to the better ratio of calcium
to phosphorus (1.7:1 vs. 1:1), as well as the higher lactose
content (7 g/dl vs. 4.7 g/dl), is 2.5 times higher [25, 26].
Phytates and oxalates, present in spinach, cucumber, po-
tatoes, and beans, inhibit calcium absorption by forming
insoluble calcium salts in the gastrointestinal tract [15].
On the other hand, the bioavailability of calcium from
broccoli, kale, and cabbage, which do not contain these
compounds, is relatively high [15]. However, due to the
low utilization in the former case and the low content in
the latter, these foods are much weaker sources of calcium
compared to milk and dairy products [15, 24]. Therefore,
people with lactose intolerance, milk protein allergy, and
those who avoid dairy products (including vegans) are at
high risk of inadequate calcium intake [27, 28]. The pre-
requisite for covering the need for calcium, regardless of its
origin, is an optimal status of vitamin D [6, 15]. In general,
the degree of absorption of calcium is relatively high if
its content in food is low, as well as during the period of
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growth and development, especially in the phases when it
is the most intense, i.e., in the first three years after birth
and puberty [15]. The recommended daily amount of plain
milk, yogurt or sour milk that, along with other standard
nutrition, provides an optimal calcium balance for a child
in their second year is 500 ml, 2-8 years 625 ml, and 9-18
years 750 ml [29].

PHODPHORUS

Phosphorus is the sixth most abundant element in the hu-
man body. It is mostly found in the hydroxyapatite of bones
and teeth, 15-20% in the intracellular space of soft tissues
and 1% extracellularly [30, 31]. The intracellular concen-
tration of organic phosphates varies from 5 to 70 mmol/L,
and inorganic from 0.7 to > 2 mmol/L [30]. Its concentra-
tions in the extracellular space are 0.8—-1.4 mmol/L, about
85% in free form, 10% bound to proteins and 5% in com-
plex with calcium or magnesium [30].

A normal diet for a healthy person meets their phos-
phorus needs [31, 32]. It is most abundant in protein-rich
foods, such as meat, eggs, milk and dairy products, and
legumes [31]. Phosphorus absorption is carried out in the
small intestine by the active pathway via the 2Na*/HPO42-
cotransporter (NaPi-2b), whose expression depends on
the current needs of the organism and the stimulation of
[1,25(0H),D] [4, 31]. It is also partly absorbed paracel-
lularly (passively) [4, 31]. The main regulator of phos-
phorus homeostasis is the kidney. About 80% of filtered
phosphorus at the glomerular level is actively reabsorbed
at the proximal tubule level via NaPi-2a and NaPi-2c co-
transporters, so its renal clearance is normally only 10.8
+ 2.7 ml/min [4, 30, 31]. The most important stimulator
of tubular phosphorus reabsorption is [1,25(OH),D], and
the inhibitors are FGF-23 and PTH [4, 31, 33].

Considering its high abundance in food, both plant and
animal, and the efficient intestinal absorption (50-90%),
phosphorus deficiency due to negative nutritional balance
as a primary cause of skeletal hypomineralization is rare
[32]. It is seen in hyperphosphaturia caused by excess FGF-
25, such as X-linked, autosomal dominant, and autosomal
recessive hypophosphatemic rickets and tumor-induced
osteomalacia or due to genetic defects of renal tubular
phosphate reabsorption, such as hypophosphatemic rick-
ets with hypercalciuria [3, 4, 30, 34]. On the other hand,
in calcipenic states, either due to insufficient intake and/or
vitamin D deficiency, negative phosphorus balance and ac-
companying skeletal hypomineralization as a consequence
of hyperphosphaturia caused by secondary hyperparathy-
roidism is a common associated phenomenon [35, 36].

VITAMIN D

Vitamin D, i.e., its active metabolite calcitriol [1,25(OH),D],
is an important factor in calcium and phosphorus homeo-
stasis and bone mineralization. In addition to calcium and

phosphorus intestinal absorption and renal reabsorption,

‘ DOI: https://doi.org/10.2298/SARH250630068R
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calcitriol, by activating the nuclear vitamin D receptor, in-
duces the transition of mesenchymal stem cells into mature
osteoblasts and their production of type I collagen, osteo-
pontin, osteocalcin, and other extracellular bone matrix
proteins necessary for the formation and maintenance of
bone strength [6, 37]. In parallel, calcitriol, through the
nuclear vitamin D receptor, exerts a suppressive effect on
the differentiation and activation of osteoclasts — osteolytic
cells that play a crucial role in skeletal modeling and in the
removal of old or damaged bone tissue [16, 37]. Thus, the
endocrine function of vitamin D is primarily directed to
calcium and phosphorus intestinal absorption and renal
reabsorption and skeletal mineralization, except in condi-
tions of hypocalcemia when, together with PTH, it induces
osteoclasts in the mobilization of calcium from bones [6,
15, 37, 38].

Most of our vitamin D needs are met by cutaneous
photolysis of 7-dehydrocholesterol under the action of
sun ultraviolet-B rays of wavelengths 290-315 nm, while
foods, excluding fish oil, fatty fish, liver, egg yolks, edible
mushrooms treated with UV light, and fortified foods,
such as milk formulas, are poor sources of vitamin D [15,
38]. Serum 25(OH)D levels, whose half-life in circulation
is about 15 days, represent a reliable indicator of vitamin
D status in the body [1 = 15; 15]. According to criteria
of the IOM, optimal serum [25(OH)D] levels considered
adequate for bone and overall health in healthy individuals
range from 20 ng/ml (50 nmol/L) to 50 ng/ml (125 nmol/L)
[15]. A value lower than this causes numerous negative
consequences, including optimal bone integrity, while a
value over 125 nmol/L, apart from the risk of a toxic effect
of vitamin D, has no evidence to support additional health
benefits. Associations of the Nordic and DACH countries
(Germany, Austria, and Switzerland), Australia and New
Zealand, as well as the American Academy of Pediatrics
and the Endocrine Society agree with the IOM guidelines
regarding the lower limit of vitamin D adequacy based on
serum [25(OH)D] concentration [6, 39].

The required and upper levels of vitamin D intake in
the absence of optimal sun exposure according to the IOM
recommendations are given in Table 3 [15]. The European
Food Safety Authority and the Endocrine Society agree with
the IOM recommendations, as do the European Society of
Pediatric Gastroenterology, Hepatology and Nutrition and
the American Academy of Pediatrics [6, 40, 41].

PHYSICAL ACTIVITY

It is well known that physical activity with its stimulat-
ing effect during childhood and early adulthood plays a
vital role in the development and achieved pick bone mass
and thus the prevention of osteoporosis and its compli-
cations in later life [5, 7-11, 42]. Certainly, in order to
preserve the acquired quality of the skeletal system, this
practice, along with optimal intake of calcium, phosphorus,
protein and other nutritional factors, as well as ensuring
an adequate balance of vitamin D, should be continued in
other stages of life [43-46].

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):512-516
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Table 3. Dietary reference intakes of vitamin D for children and ado-
lescents [15]

Life stage Recommended dietary Upper-level intake
group (years) allowance (IU/day) (IU/day)

0-6 months 400* 1.000

6-12 months 400* 1.500

1-3 years 600 2.500

4-8 years 600 3.000

9-18 years 600 4.000

*adequate intake for infants 0-12 months of age is 400 IU/day

Table 4. World Health Organization guidelines on physical activity of
children and adolescents [47, 48]

« Children 1-2 years of age should spend at least 180 minutes in
a variety of types of physical activities at any intensity, including
moderate-to vigorous-intensity physical activity, spread
throughout the day; more is better.

« Children 3-4 years of age should spend at least 180 minutes in
a variety of types of physical activities at any intensity, of which
at least 60 minutes is moderate- to vigorous- intensity physical
activity, spread throughout the day; more is better.

« Children and adolescents (aged 5-17 years) should do at least an
average of 60 minutes per day of moderate- to vigorous-intensity,
mostly aerobic, physical activity, across the week. Vigorous-
intensity aerobic activities, as well as those that strengthen muscle
and bone, should be incorporated at least three days a week.
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The World Health Organization guidelines on physical
activity of children and adolescents are given in the Table
4 [47, 48]. Identical recommendations also come from the
U.S. Department of Health and Human Services, 2018 [46].

CONCLUSION

Bone mass attained during growth and development is one
of the most important determinants of lifelong skeletal
health. Peak bone mass, which is attained by the end of
the second decade of life, is maintained until the age of
40-50, and then gradually decreases without the possibility
of being rebuilt. Optimal coverage of calcium, phosphorus
and vitamin D needs and adequate physical activity during
the developmental period are crucial for good bone health
both at that age and in later life stages.
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3Hauaj onTMManHor 6anaHca Kanumjyma, pocdopa u BuTamuHa [l u ageKkBaTHe
¢13MuKe aKTMBHOCTM TOKOM NEPUOAA PacTa U Pa3Boja 3a KOLITAHO 34PaB/be

Bnagumup Pagnosuh'2, Cunuiwa [yunh'?, bojaH Byksa'?, lopaH hypuunh'?, Hegersko Pagnosuh?, 3opaH Jlekosuh'?

'YHuBep3utet y beorpapy, MeguumHcku dakynter, beorpag, Cpbuja;

YHnBep3uTeTCKa fievja KnHuKa, beorpag, Cpbuja;

*Cpnicko nekapcko ApyLTBO, AKagemuja MeanLMHCKIX Hayka, beorpag, Cpbuja

CAXKETAK

Koctn cy MmHepanv3oBaHO BE3NBHO TKMBO Koje Teny npy»ka
aHTUrpaBMUTaLMOHN OCNOHaL, omoryhaBa KpeTatbe y3 nomoh
muwmnha n WTUTU yHyTpawmwe opraHe. IHAnBmUAayanHmu
KBaNNTET CKesleTa, Kao pe3ynTaT FeHETCKMX, XOPMOHAJTHUX 1
crosballbux GakTopa, Kao LUTO Cy McXpaHa, pU3nyKa akTUBHOCT
1 ApYru, NOCTUXe ce y Mepmnoay pacta 1 passoja. BpxyHau
KoLUTaHe Mace JOCTUXe Ce KpajeM apyre feLieHuje XnsoTa 1
oppxa.a ce go 40. unu 50. roguHe, a 3aTMM NOCTENEHO onaga

‘ DOI: https://doi.org/10.2298/SARH250630068R

6e3 moryhHocTn obHaBsbatba. CTora je jacHo fja n3ocTaHak
afeKBaTHe M3rpajhe KolTaHe mace y nepuoay passoja,
nopej HenocpeAHUX NocneanLa, NpeacTaBba BUCOK PU3MK
0f} 0CTEOMNOPO3€e U HEHVX KOMIIMKALMja Y KaCHWjeM XXNBOTHOM
poby, nocebHo no3Hom. CBpxa OBOT UaHKa je Aa ce carnepa
3Hauaj onTumanHor 6anaHca Kanuujyma, docdopa v BUTaMmMHa
[l v apeKBaTHe $r3MYKe aKTVBHOCTN TOKOM pacTa 1 pa3Boja y
MOCTM3atby MaKCVMaHe BPLUHE KOLUTaHe Mace.

KrmbyuHe peuu: KolwTaHO 34paBibe; AeLia; afonecLUeHT
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