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ABSTRACT

Objective. Nutrition and lifestyle factors play an important role in the development and maintenance of peak
bone mass and the prevention of bone degradation. The aim of the present study was to assess 25-hydroxy-
cholecalciferol [25(OH)D] serum concentration in postmenopausal women during the winter period and the

supply of selected components in their diet.

Material and methods. The study was conducted on a group of 35 women aged 54-77, using a question-
naire, including a 24-hour recall related to a subject’s nutrient consumption. Serum concentrations of 25(OH)
D were determined. Body composition was assessed with bioelectrical impedance analysis.

Results. Mean 25(OH)D serum concentration was found to be 61.2% of the minimum healthy level, ac-
cording to the reference values. The supply of vitamin D and calcium covered 36.2% and 56.7% of RDA
respectively. Correlation analysis has shown a significant inverse relationship between 25(OH)D serum con-

centration and body fat (p < 0.05).

Conclusions. The study indicates a decreased serum concentration of 25(OH)D in postmenopausal women
during the winter period and a low supply of vitamin D and calcium in their diet. Nutrition education should
be introduced to the adult population to prevent bone fractures.
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INTRODUCTION

Bone loss in postmenopausal women is a consequence
of increased bone metabolism rate, which is associ-
ated to a large extent with hormonal changes (Seeman,
2013). However, a complex interaction of different
factors, including genetic and lifestyle factors, also
play an important role (Curtis et al., 2015). Of key
importance in osteoporosis prevention is attaining
peak bone mass in childhood and early adolescence
by maintaining a high level of physical activity and
appropriate diet, including sources of calcium and vi-
tamin D (Bonjour et al., 2014). In later stages of life,

“osiecka@awf.poznan.pl; phone +48 61 835 5170

appropriate nutrition and physical activity can slow
down the rate of bone degradation. Some authors have
demonstrated that supplementation with calcium and
vitamin D reduces postmenopausal or age-related
decrease in bone mass and the risk of bone fractures
(Knapik et al., 2017).

Studies conducted on the Polish population have
shown that 70% of subjects have a vitamin D deficien-
cy, measured by serum calcidiol (25(OH)D) concen-
tration. Serum 25(OH)D assay is considered to be the
best indicator of adequate vitamin D supply. It provides
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information about the availability of the substrate for
local synthesis of biologically active calcitriol. The
most important source of vitamin D is synthesis in the
skin, induced by sun exposure (Mostafa and Hegazy,
2015). Very few foods naturally contain vitamin D
(Holick and Chen, 2008; Ptudowski et al., 2013). Some
of the factors that are responsible for vitamin D defi-
ciency include decreased synthesis in the skin, related
to geographical latitude, especially in the autumn-win-
ter period, and lack of exposure to ultraviolet B (UVB)
radiation as a result of lifestyle changes. Several studies
have reported that obese subjects have an increased risk
of vitamin D deficiency. There is evidence that vitamin
D metabolism, storage and action are influenced by adi-
posity (Vimaleswaran et al., 2013).

Nutritional factors that play an important role in
the development and maintenance of normal bone
structure, other than vitamin D and calcium, are mi-
cronutrients such as phosphorus, magnesium, zinc,
copper, potassium and vitamins: A, K,, C and E (Hol-
ick and Chen, 2008; Prentice et al., 2006; Torbergsen
et al., 2017). Another important element in the diet is
protein. However, excessive consumption of protein,
especially animal protein, may have an adverse effect
on bone tissue metabolism (Sellmeyer et al., 2011).
The supply of the above-mentioned nutrients not only
ensures appropriate mechanical strength of bones, but
also reduces the risk of falls, especially in the elderly
population, through its effect on the musculoskeletal
and nervous systems (Curtis et al., 2015).

The aim of the present paper is to assess serum
concentration of 25(OH)D and the dietary supply
of selected micro- and macronutrients important for
adequate bone tissue metabolism in postmenopausal
women during the winter period.

MATERIALS AND METHODS

The study was conducted on a group of 35 postmeno-
pausal women aged 54 to 77 living in Poland. Only sub-
jects who declared themselves to be in good health were
enrolled; women with inflammatory disorders, diabetes
mellitus or hormonal disturbances were not included in
the study. Before the beginning of the study, all subjects
were informed about the purpose and methods of con-
ducting the study. All subjects expressed their voluntary
consent to participate in the study.
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The study protocol was approved by the Ethics
Committee for Human Research at the Poznan Uni-
versity of Medical Sciences. The nutritional status of
the women was assessed with a 24-hour dietary recall
(Charzewska et al., 1997). The interview was conduct-
ed for three days (two working days and one holiday).
Energy value and nutritional value of dietary intakes
were calculated using the “Dietetyk™ software devel-
oped by JuMar (Poland). When determining the degree
of adherence to dietary recommendations, we used the
guidelines of the National Food and Nutrition Institute
in Warsaw (Jarosz, 2012). Only 5 women participating
in the study declared using vitamin D supplementation
for a period of 3 to 6 months in the winter period. Dur-
ing the study period, 22 of the subjects exercised for at
least 90 minutes per week.

Somatic traits (weight and height) of the women
studied were measured and their body mass index
(BMI) was calculated. Weight and height were meas-
ured using a certified Radwag device (Radom, Poland)
with an accuracy of 0.01 kg and 0.5 cm respectively
(Table 1). The body composition of the women was
assessed using bioelectrical impedance analysis (BIA)
and a TANITA PC-418 MA device.

The somatic traits, calorie intake and the amount of
basic macro- and micronutrients in the daily intake of
food were presented in the form of an arithmetic mean,
standard deviation, median and quartiles (Table 1).
The intake of vitamins and minerals was compared
to the Recommended Dietary Allowances (RDA) and
Estimated Average Requirement (EAR) endorsed by
the National Food and Nutrition Institute for the Polish

Table 1. Basic characteristics and serum 25(OH)D concen-
tration of women participating in the study

x +SD Me (Q1-Q3)
Age, years 62.4 +4.80 62.0 (60.0-65.6)
Height, cm 160.0 £4.90 159.0 (157.0-164.5)
Body mass, kg 67.3 £11.51 65.1 (62.1-71.0)
BMI, kg/m? 26.3 +4.34 25.4 (24.0-26.9)
Fat mass, kg 26.1 £8.24 24.4 (21.1-28.7)
Fat mass, % 38.1 +£6.18 38.4 (33.8-42.5)
25(0OH)D, ng/ml 18.8 £9.73 18.0 (11.6-23.9)
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female population in the relevant age range; for so-
dium, potassium and vitamin E, the average intake of
these elements was compared to Adequate Intake (IA)
values recommended by the Institute (Jarosz, 2012).

Fasting blood samples for biochemical assays were
collected at the end of winter (March) from the ulnar
vein, between 8 and 10 o’clock in the morning, and
were subsequently centrifuged to obtain serum. Blood
serum was stored in —70°C awaiting biochemical
analysis. Serum concentrations of 25-hydroxychole-
calciferol [25(OH)D] were determined with the im-
munoenzymatic enzyme-linked immunosorbent assay
(ELISA) method (the kit of Demeditec Diagnostic
GmbH, Germany; sensitivity 1.9 ng/ml) and chemi-
luminescence immuno assays (CLIA) (LIAISON® 25
OH Vitamin D TOTAL Assay, DiaSorin Inc., USA,
sensitivity 4 ng/ml).

Normality of 25(OH)D distribution was meas-
ured using the Shapiro-Wilk test, and homogeneity
of variance was assessed with Levene’s test. Corre-
lation analysis for variables with normal distribution
was conducted using Pearson’s correlation coefficient.
For variables with a non-normal distribution, the

Table 2. Nutritional characteristics of diet

Spearman’s rank correlation coefficient was used. The
threshold of p < 0.05 was chosen as a critical level of
significance. Statistical calculations were performed
with the STATISTICA 12.5 PL software.

RESULTS

Table 1 presents the basic characteristics of the women
participating in the study and their serum 25(OH)D
concentrations. Although the mean BMI indicated was
slightly overweight, 43% of women had normal body
weight (BMI < 25 kg/m?). The average concentration
of 25(OH)D in blood serum was found to be 61.2% of
the minimum healthy level (Holick and Chen 2008;
Pludowski et al.,, 2013). Optimal concentration of
25(0OH)D (=30 ng/ml) was found only in six subjects,
two of whom took vitamin D in the form of dietary
supplements. An adequate supply of vitamin D in the
diet, according to guideline levels, was found in one
subject (Jarosz, 2012).

Table 2 presents descriptive statistics of calorie
intake and selected macro- and micronutrients in the
diet. The percentage of energy derived from protein

x £SD Me (Q1-Q3) % RDA/% AT*

Daily energy intake, kcal/day 1 809.91 +407.67 1 704.5 (1503.4-2046.5) -
Protein total, g/day 73.2 £15.05 71.8 (65.3-77.6) -
Protein animals, g/day 49.13+ 14.50 46.6 (41.2-54.1) -
Protein vegetable, g/day 24.0 £7.23 24.9 (18.3-28.2) -
Calcium, mg/day 680.5 +206.60 646.4 (549.1-784.8) 56.7
Magnesium, mg/day 310.5 £73.19 301.0 (251.5-33.4) 97.0
Phosphorum, mg/day 1241.6 £235.63 1241.6 (1108.0-1339.2) 177.37
Sodium, mg/day 2001.1 £749.24 1 779.6 (1516.0-2266.3) 145.0*
Potasium, mg/day 3114.3£1073.3 3219.1(2781.0-3529.8) 66.2*
Zn, mg/day 10.01 £1.94 10.0 (8.9-11.1) 126.1
Vitamin D, pg/day 5.5+7.80 3.1(2.1-6.4) 36.1
Vitamin C, mg/day 129.5 £70.33 113.5(77.9-164.2) 172.7
Vitamin A, pg/day 1 681.9 £1962.64 1192.7 (917.8-1543.4) 240.2
Vitamin E, mg/day 10.5 +4.17 10.6 (8.7-12.2) 130.6*

*% Al — adequate intake, RDA — recommended dietary allowances.
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was 16.6%. Having calculated the supply of protein
calculated per 1 kg of body mass, we obtained a mean
protein intake of 1.1 +0.2 g/kg, which only slightly
exceeded the recommended level (i.e. 0.8 g/kg of body
mass) by Jarosz (2012). However, according to PROT-
AGE Study Group the protein intake was compatible
with their recommendations for older people (1.0-1.2
g/kg of body mass; Bauer et al., 2013). The ratio of
animal to plant protein was 2:1 on average (67% ani-
mal protein).

Adherence to the recommended daily intake lev-
els for vitamins and mineral nutrients is presented as
percentage of reference intakes endorsed by the Na-
tional Food and Nutrition Institute for a population of
women in the relevant age group. The mean supply of
calcium was 31.9% lower than the EAR for women
over 50 years of age, while the supply of phosphorus
exceeded the EAR by 114.1%. The ratio of calcium
to phosphorus in the diet of the subjects was 1:1.82
on average. Consumption of zinc and magnesium
exceeded the EAR by 4.4% and 17.2% levels respec-
tively. With regard to the supply of vitamin D, only
55.1% of the EAR was met, whereas supply of vitamin
A and C exceeded the EAR considerably (236.4% and
115.9%, respectively).

Correlation analysis demonstrated a significant in-
verse relationship between the serum 25(OH)D con-
centration and body fat expressed in kilograms (R =
—0.35; p = 0.041). However, there was no significant
association between 25(OH)D concentration and the
amount of vitamin D in the diet (p = 0.199).

DISCUSSION

The most important finding of the study is low serum
concentration of 25(OH)D and the inverse relationship
of this parameter with body fat. However, the main
limitation of the study is the small number of partici-
pants. Moreover, the application of other biochemical
indices expressing vitamin D metabolism and more
precise methods of measurement of body composition
could improve the findings of the research.

According to expert recommendations, the optimal
concentration of 25(OH)D should exceed 30 ng/ml
(Holick et al., 2012; Pludowski et al., 2013). A con-
centration of 20 ng/ml does not ensure optimal cal-
cium metabolism and bone health in all individuals

446

(Holick et al., 2005). Only in 17% of the subjects did
the concentration of 25(OH)D exceeded 30 ng/ml,
whereas in 43% of the women the level of 25(OH)D
was suboptimal (20-30 ng/ml). This may be explained
by low exposure to UVB radiation during the study
period (winter) and the limited supply of vitamin D
in the diet of the study subjects. According to the Pol-
ish guidelines, the optimal daily intake of vitamin D
for the adult population aged 51-70 years should be
15 pg, and for the population aged >70 years — 20 pug
(Jarosz, 2012). Only one woman in our study gained
the recommended amount of vitamin D from her diet.
However, we did not find any association between
concentration of 25(OH)D in blood serum and sup-
ply of vitamin D in the diet. Cashman et al. (2017)
suggested that the vitamin D intake required to pre-
vent 25(OH)D inadequacy (<50 nmol/L; 20 ng/ml) in
97.5% of the population (age from 4 to 90 years) is 26
ug/day. Many food products contain small amounts of
this vitamin. The most abundant natural source of vi-
tamin D, (cholecalciferol) is fish (Jungert et al., 2014).
Studies conducted on a population of elderly Japanese
women have shown that increased fish consumption
was positively correlated with serum 25(OH)D con-
centration (Nakamura et al., 2000). The lower concen-
tration of 25(OH)D in the blood serum of the partici-
pants may also be attributed to absorption disorders,
which decrease bioavailability of vitamin D from the
gastrointestinal tract, and to obesity, as the mechanism
of using vitamin D stored in adipose tissue may be dis-
turbed (Holick and Chen, 2008). This may also be con-
firmed by the inverse association between the concen-
tration of 25(OH)D and amount of body fat observed
in the present study. Our results are in line with studies
by other authors (Vimaleswaran et al., 2013; Worts-
man et al., 2000). Al-Eisa et al. (2016) demonstrated
that serum 25(OH)D levels were negatively correlated
with BMI and hip and waist circumference in the el-
derly population. The authors suggest that lower levels
of serum 25(OH)D in obese subjects may be related to
sequestration in fat or lower rates of lipolysis in obese
subjects. However, a clear association between vita-
min D status and obesity and/or metabolic dysfunction
has been discussed (Cordeiro et al., 2017).

Vitamin D effects the regulation of calcium absorp-
tion from the gastrointestinal tract and the mineraliza-
tion of the bone matrix. The supply of vitamin D is
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important due to its calciotropic properties, as well
as its role in regulating muscle function, maintaining
body weight and muscle strength. Vitamin D status
correlates positively with muscle strength and pos-
tural stability and may be important in fall prevention
(Rejnmark, 2011).

Another significant problem in the study group was
calcium intake deficiency. Other authors also obtained
similar results in the Polish population (Smidowicz
and Reguta, 2015). Given the low vitamin D and cal-
cium intake in many populations, researchers focused
on the possibility of fortifying certain products with
these nutrients (Whiting et al., 2016). A study carried
out on a group of women aged >60 years by Bonjour
etal. (2015) demonstrated that having two yogurts for-
tified with calcium (520 mg) and vitamin D (10 pg)
a day for three consecutive months significantly in-
creased serum concentration of 25(OH)D and de-
creased the rate of bone degradation. In a study carried
out on postmenopausal women, Bonjour et al. (2008)
observed that a 6-week period of milk supplementa-
tion diminished bone turnover mediated by reduction
in parathyroid hormone secretion. These authors sug-
gested that nutritional intervention may be a valuable
measure in the primary prevention of osteoporosis.
As well as an optimal supply of calcium in the diet,
it is also important to consider the calcium to phos-
phorus ratio.

The supply of protein in the diet of the women en-
rolled in the study was higher than the recommended
values. A systematic review and meta-analysis from
the National Osteoporosis Foundation showed no
adverse effects of higher protein intake and positive
trends on bone mass at most bone sites (Shams-White
et al., 2017). Protein plays a role in the synthesis of
collagen and other non-collagen bone proteins. Moreo-
ver, it stimulates the production of insulin-like growth
factor-1 (IGF-1), which promotes osteoblast-mediated
bone formation (Bonjour, 2016). However, it has been
suggested that protein derived from vegetable sources
may be more beneficial for the bone tissue metabolism
than animal protein because of the acid-base balance
disturbance (Frassetto et al., 2000). Our studies have
demonstrated a high animal to vegetable protein ratio
in the women studied, which may have an adverse im-
pact on the acid-base balance of the body (Tylavsky
et al., 2008).
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As for the dietary micronutrients mediating bone
metabolism, we found there was a sufficient supply of
vitamin A, C, E and mineral nutrients such as mag-
nesium and zinc. The protective mechanisms of these
vitamins on the skeleton have been suggested, such
as their ability to reduce oxidative stress and inhibit
bone resorption. Moreover, vitamin C is necessary for
the synthesis of collagen (Torbergsen et al., 2017).
Torbergsen et al. (2017) in a case-control study have
shown that low serum concentrations of vitamin A, C,
and E are associated with an increased risk of hip frac-
ture, possibly through bone turnover mechanisms.

The intake of sodium in our study group markedly
exceeded the recommended values. Excess consump-
tion of this element has an adverse influence on cal-
cium metabolism, as sodium plays a role in calcium
excretion. Kwon et al. (2017) demonstrated that high
sodium intake is associated with lower bone mineral
density and a sodium intake of >2000 mg/day is a risk
factor for osteoporosis in postmenopausal women.

In conclusion, our study demonstrates a decreased
serum 25(OH)D concentration during the winter peri-
od and low supply of vitamin D and calcium in the diet
in a group of postmenopausal women. These nutrients
play a significant role in the prevention of osteoporo-
sis, therefore nutrition education should be provided to
the adult population.
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