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Introduction. Osteoporosis is a complex, multi-factorial
bone disease leading to increased risk of fracture. Calcium as
a nutrient is associated with the formation and metabolism of
bone. The inadequate calcium intake leads to decreased bone
mineralization and consequently an increased risk of
0steoporosis.

Materials and methods. The study group was
constituted by 104 postmenopausal women. Bone mineral
density (BMD) at the participants’ lumbar spin and hip was
measured by dual-energy X-ray absorptiometry (DXA). The
daily calcium intake (DCI) was assessed using a validated
quantitative food frequency questionnaire (FFQ). Each
participant also completed a core questionnaire that included
general demographic data as well as questions about personal
and family history of fractures, menopause onset, lifestyle
behaviors, and corticosteroids use.

Results and discussion. The mean daily calcium intake
among our study participants was 854.3+260.4 mg which is
below the calcium recommended nutrient intake (RNI) for
postmenopausal women. This study’s findings confirmed
that the reduction of the bone mineral density (BMD),
reported using T-scores, depends on age and choice of
measurement site. Our results also showed that higher body
mass and body mass index (BMI) in participants are
associated with higher BMD. The reduced bone density
among postmenopausal women was related with the
existence of previous personal fractures and the family
history of fractures in diagnosed persons. The insight into
exogenous risk factors of osteoporosis in this study showed
that the most of the participants consume caffeine every day
and have insufficient physical activity and sun exposure.

Conclusions. Education on the importance of calcium in
the diet and knowledge on the lifestyle factors that affect
bone loss are needed toward decreasing risk for osteoporosis
and related fractures in postmenopausal women.
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Introduction

Osteoporosis is a metabolic bone disease characterized by low bone mineral density
(BMD) and deteriorated microarchitecture of the bone tissue, with a consequent increase in
bone fragility and susceptibility to bone fractures [1]. The disease affects approximately 200
million people worldwide [2] and takes a huge personal and economic toll. Osteoporosis can
not be cured but results can be reached in the context of its prevention and delayed
progression [3].

The World Health Organization (WHO) classifies osteoporosis as one of the ten most
important diseases connected with the progress of civilization in the modern world. It is a
disease whose incidence increases with age. Osteoporosis can occur in different life periods;
however, women in the postmenopausal age and the elderly persons (over 70 years old) are
the riskiest population groups for its development [4]. Osteoporosis is a big public health
problem associated with age-related fracture, most frequently of the hip, vertebrae, distal
forearm and humerus [5]. The measurement of bone mineral density by dual-energy X-ray
absorptiometry (DXA) is widely used in assessing bone strength and predicting the risk of
fracture [6]. Many factors, including genetics, age, gender, endocrine system, as well as other
modifiable risk factors such as nutrition, physical activity, smoking and alcohol intake affect
bone density and can therefore influence the onset of the disease [3].

Calcium is a nutrient that is associated with the formation and metabolism of bone [7].
In the last decades, the role of calcium in bone health has been comprehensively examined
but unfortunately, there is a significant proportion of some population groups in the western
countries who fail to reach the recommended calcium intake [8]. Although adequate calcium
intake is important throughout the whole life, it is especially important in childhood and
adolescence (because of fast skeleton growth), and for postmenopausal women and elderly
persons (whose rate of bone mass loss is high) [9] . Therefore, ensuring adequate calcium
intake throughout lifetime leads to decreased risk for osteoporosis and related fractures in
adults [10].

The objectives of our study were to screen the bone mineral density and to assess the
daily calcium intake among Macedonian postmenopausal women. Also, this study was aimed
to gain insight into the risk factors that affect bone density and can therefore influence the
onset and the progression of osteoporosis.

Materials and methods

The study group was constituted by 104 postmenopausal women at the age from 49 to
82. Arithmetic mean of the examined women’s age was 64,7+7,6 years. Women were
informed about voluntary and anonymous participation in the study, and that the obtained
results were collected only for scientific purposes. Eligibility criteria for the participants
were: being postmenopausal, free of serious medical conditions and have clinical symptoms
of osteoporosis. All women underwent anthropometric measurements (body mass, height,
the calculation of body mass index (BMI)).

Bone mineral density (BMD) assessment. BMD at the participants’ lumbar spin and
hip was measured by dual-energy X-ray absorptiometry (DXA) at the Department for
Radiological Diagnostics within PHI Clinical hospital ‘Dr. Trifun Panovski’ in Bitola. Dual
energy X-ray absorptiometry is considered as a golden standard for measuring bone mineral
density and it is most common method for diagnosing primary osteoporosis which is usually
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related to age and postmenstrual period, as well as for diagnosing secondary osteoporosis
(osteoporosis caused by other factors such as hormonal imbalance, certain diseases or taking
medications) [11]. The bone mineral density measurement results were interpreted in
accordance with the operational definition of osteoporosis given by WHO [6]. BMD was
reported as a T-score, defined as the difference in number of standard deviations (SD) from
the mean BMD of a normally distributed young adult reference population. WHO proposes
four categories for women: Normal - BMD higher than 1 SD below the young adult reference
mean (T-score > -1); Low bone mass (osteopenia) - BMD between 1 and 2.5 SD below the
young adult mean (T-score < -1 and > -2.5); Osteoporosis - BMD lower than and equal to
2.5 SD below the young adult mean (T-score < -2.5); and Severe osteoporosis - BMD lower
than 2.5 SD below the young adult mean and the presence of one or more fragility fractures.

Questionnaires. Each participant completed a core questionnaire that included general
demographic data as well as questions about personal and family history of fracture,
menopause onset, lifestyle behaviors, and corticosteroids use. The daily calcium intake (DCI)
was assessed using a validated quantitative food frequency questionnaire (FFQ), that was
originally developed for measuring dietary calcium intake in Croatian postmenopausal
women [12]. The questionnaires were given to participants by researchers in person before
the participants’ X-ray absorptiometry examination.

Statistical analysis. The statistical analyses were performed with SPSS statistical
software program (SPSS version 11.0.1 PC, USA, IL). All statistical tests were considered
significant at p < 0.05.

Results and discussion

Of the total population group in this study (n=104), in accordance with the obtained
results for the T-score of the lumbar spine and T-score of the hip, 53 participants (50.96%)
showed osteoporotic, 42 participants (40.38%) osteopenic, whereas 9 participants (8.65%)
normal BMD. Personal fragility fractures were reported by 19.23%, while 8.65% of the
participants had a history of family fractures.

Descriptive characteristics of the participants, the T-score values and their DCI (mean +
SD) are presented in Table 1. It was determined that the average daily calcium intake in the
female respondents is 854.3£260.4 mg, whereas the average body mass index (BMI) has
reference 27.7+3.6 kg/m?. In average, female respondents enter menopause from the age of
47.5+4.9. The obtained results from the BMD measurement showed that at the level of the
whole population group, the average reference of T-score of the hip is -1.73£1.01 whereas
the average reference of T-score of the lumbar spine is -1.83+1.30. None of the participants
had reference BMI<18,5 kg/m?.
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Table 1
Descriptive characteristics of participants, T-score values and DCI

Min Max X SD
Age (years) 49 82 64.7 7.6
Body mass (kg) 50 95 71.46 9.67
Height (m) 1.5 1.75 1.61 0.05
BMI (kg/m?) 20.28 39.73 27.7 3.6
Menopause onset (years) 35 58 47.5 4.9
Hip T-score -4.1 1.4 -1.73 1.01
Lumbar spine T-score -4.7 2.6 -1.83 1.30
DCI (mg/day) 366.4 1689.01 854.3 260.4

n =104, X— mean, SD — standard deviation

Pearson’s correlation coefficients were used to assess associations between T-score and
DCI, body mass, height, age and menopause onset. The results of statistical analysis are
shown in Table 2. Present results demonstrated that correlation between DCI and T-score of
the spine (r=-0.153, p=0.120), as well as the T-score of the hip (r=-0.155, p=0.115) is not
statistically significant. It was also observed that there is no significant relationship between

parameters such as participants’ age and menopause onset with T-score.

Table 2

Pearson’s correlation coefficients between T-score and participants’ age, body mass, height,
menopause onset and DCI

Lumbar spine Hip
T-score T-score
r -0.153 -0.155
DCI p 0.120 0.115
e r -0.106 -0.105
g » 0.285 0.264
) r 0.033 0.020
Height P 0.739 0.838
Body mass . 02552 00
y » 0.009 0.000
r 0.245%* (0.383%**
BMI » 0.012 0.000
r 0.029 -0.058
Menopause onset p 0.771 0.556

n=104; r— Pearson's correlation coefficients; p — probability value;
* significance level at p < 0.05; ** significance level at p < 0.01; *** significance level at p
<0.001
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The significant positive correlation was found between the body mass and T-score of the
spine (r=0.255** p=0.009), as well as T-score of the hip (#»=0.377*** p=0.000). There was
no statistically significant association between the height of the participants and T-score of
the spine (=0.033, p=0.739); and between the height and T-score of the hip (»=0.020,
p=0.838).

The significant correlation was also observed between BMI and T-score of the spine
(r=0.245* p=0.012), as well as T-score of the hip (r=0.383*** p=0.000).

Aiming to get insight into the changes of the bone density in the course of the age, the
data were rearranged to demonstrate a possible difference in the T-score values between age
groups. We divided the participants into 3 age groups: (1) from 49 to 58 years old, (2) from
59 to 68 years old and (3) 69 and older. The data are presented in Table 3.

Table 3
T-score of the lumbar spine and hip in different participants’ age groups
Hip T-score | Spine T-score
Age range n X
49-58 28 -1.679 -1.657
59-68 41 -1.566 -1.824
69+ 35 -1.951 -1.983

n — number of participants, X— mean

In order to get insight into the occurrence of (1) participants’ previous fractures and (2)
fractures among close family members, we also grouped data on the grounds of bone density
findings: participants with osteoporosis, osteopenia and normal bone mass (Table 4). It was
concluded that 20 participants had previous fractures, and 9 participants reported history of
family fractures. The data analysis showed that the majority of previous fractures occurred
in respondents with diagnosed osteoporosis (65% of the total number of reported previous
fractures). The same group of participants also reported the biggest number of fractures
among close family members (67% of the total number of fracture histories).

Table 4
Personal and family history of fracture of the participants
Previous personal Family history of
fractures fractures
Osteoporosis 13 (65%) 6 (67%)
Low bone mass o o

(osteopenia) 6 (30%) 3(33%)

Normal bone mass 1 (5%) 0 (0%)
Total (n=104) 20 9

The data regarding the risk factors of osteoporosis among the participants are shown in

Table 5. The results showed that most of the participants i.e. 76.92% consume caffeine on
regular daily basis, 88.46% do not consume alcohol at all, and 69.23% do not consume food
with high amounts of salt. A relatively small number of the respondents are smokers (12.5%),
and 4.81% take corticosteroids therapy. 74.04% stated that they did not often have physical
activity, and 40.38% stated that they were often exposed to sun.
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Nutrition is consider to be an important modifiable factor in the development and
preservation of bone mass and the prevention and treatment of osteoporosis [13]. In addition,
calcium is a key element in the formation of bones and in reaching peak bone mass, and as a
result its role is very important in the primary prevention of osteoporosis [14]. Calcium intake
in adulthood and postmenopause influences the level of age-related bone loss. Therefore,
ensuring adequate calcium intake in postmenopausal women is an important step in
prevention and treatment of osteoporosis. The mean daily calcium intake among our study
participants, assessed using a validated FFQ, was 854.34260.4 mg, which is below the
Recommended nutrient intakes (RNIs): the RNI of 1000 mg/day for premenopausal women,
and the RNI of 1300 mg/day for menopausal women over 50 years old [15]. The lowest
determined daily calcium intake among participants was 366 mg/day, while the highest was
1686 mg/day. According to the previously reported data calcium intake can effectively
postpone the tendency of BMD decrease in postmenopausal women [16]. Several studies
have demonstrated that a calcium intake dose less than 800 mg/day is associated with
increased BMD loss in post- and perimenopausal women, and daily 1200 mg calcium is
suggested as a beneficial dosage [14, 16].

Table 5
Risk factors of osteoporosis among the participants
Previous personal Yes 20 (19.23%)
fractures No 84 (80.77%)
History of family Yes 9 (8.65%)
fractures No 95 (91.35%)
0,
Corticosteroids therapy \I{\Ieos 93 SSS} 9/3/)0)
Daily 2 (1.92%)
Physical exercise 1-2 times a week 6 (5.77%)
Sometimes 19 (18.27%)
No 77 (74.04%)
Sun exposure Yes 42 (40.38%)
No 62 (59.62%)
Up to 10 cigarettes a day 6 (5.77%)
. Up to 20 cigarettes a day 6 (5.77%)
Smoking Up to 30 cigarettes a day 1 (0.96%)
Non-smoking persons 91 (87.50%)
Daily 4 (3.85%)
. 1-2 times a week 1 (0.96%)
Alcoholic drinks Sometimes 7(6.73%)
No 92 (88.46%)
Daily 80 (76.92%)
Caffeinated beverages 3-5 times a week 1 (0.96%)
Sometimes 4 (3.85%)
No 19 (18.27%)
Food with high amounts Yes 32 (30.77%)
of salt No 72 (69.23%)
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The results obtained in our study showed that the highest calcium amount consumed
through diet in participants comes from milk and dairy products. The drinking water was
another significant source of dietary calcium. The important source of calcium in their diets
from the vegetable group was spinach, and from the fruit group it was oranges. Also,
participants consume tinned sardines (with bones) which are a rich source of calcium. Our
results suggest that education about the importance of dietary calcium in prevention of
osteoporosis is necessary as well as gaining knowledge of the food supplies which are rich
sources of calcium, in order to improve the dietary calcium intake. Education is especially
important if taken into consideration that the persons with poor knowledge and with low
social economic status are four to five times at larger risk to consume less calcium through
nutrition compared to others [17].

The results obtained in this study confirmed that higher body mass and BMI in
participants are associated with higher bone density, reported using T-scores. These findings
are consistent with other studies emphasing the bone mass and the BMI as a powerful
determinants of bone loss. Namely, in the research of Igi¢ and Zveki¢-Svorcan [18] it is
confirmed that there is statistically significant association between the body mass and the T-
score of the hip, as well as the T-score of the spine. Finkelstein et al. [19] have found that
during the late peri- and postmenopause, rates of spine and hip bone loss was approximately
35-55% slower in women in the top vs. the bottom tertile of body mass. It is possible that the
reasons why higher body weight is associated with slower rates of bone loss are the increased
production of estrogens by adipose tissue or/and the regulatory role of osteocytes in order to
reduce bone resorption as response to greater mechanical loading [19].

Low BMI values are considered to be a risk determinant for osteoporosis occurrence. In
our research, none of the female respondents had BMI value <18,5 kg/m?. The statistically
significant association between the BMI and the T-score of the hip, as well as the T-score of
the spine that was identified in our study is also confirmed in the research of Zveki¢-Svorcan
et al. [20], showing that there is a relationship between persons’ BMI and their lumbar spine
and hip T-scores i.e. there is association between the decreased BMD and the low BMI [20].
Kang et al. [21] found that the hip bone strength deteriorated with aging and enhanced with
higher BMI and longer time of years of menstruation in Chinese postmenopausal women.
The results from their study supported that BMD is in positive relationship with BMI which
means that higher BMI values are associated with stronger and more powerful hip bones. In
addition, low body mass index (BMI) is a well-determined risk factor for fractures, and
fracture risk differs according to fracture site [22]. De Laet et al. [23] have found that the
relationship between BMI and the fracture risk is non-linear, and the highest risk rate is at
BMI values <20 kg/m? and slight decrease of the risk is noticed at the level > 25 kg/m?. Based
on these results, special attention should be given to thin women who are at increased risk of
bone loss.

The majority of previous fractures in our study occurred in women with diagnosed
osteoporosis (65% of the total number of reported previous fractures), compared with the
participants with osteopenia (30%) and with normal bone mass (5%). The participants with
osteoporosis also reported the biggest number of fractures in their close family (67% of the
total number of fracture histories registered in the research). These results are consistent with
literature data and demonstrated that reduced bone density among women is related with
existence of previous personal fractures, as well as with family history of fracture in
diagnosed persons. De Laet et al. [24] showed that the family history of fracture is strongly
connected with the risk of fracture occurrence. Also, Invernizzi et al. [25] found an increased
risk of fractures in women with a positive family history of fragility fractures. In the research
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of Vasic et al. [26] the authors concluded that the presence of vertebral fractures is a risk
factor for future fracture occurrence. Nevertheless, this dependence is not always present,
and in a research which involved 122 respondents with average age 66.85+8.42, the authors
Igi¢ and Zveki¢-Svorcan [18] emphasize that they had not determined statistically significant
difference between the respondents with or without history of family fractures and the
occurrence of osteoporosis/osteopenia.

The rearranging of the obtained T-score values in our study within age groups confirmed
that the bone density decreases from the youngest to the oldest age group of participants;
only exception was found for the hip T-score in the age group 59 to 68. This study’s findings
are generally consistent with studies that have found that the reduction of BMD depends on
age and choice of measurement site [27, 28].

Women in our study reported to experience natural menopause fairly early, at about mean
age 47.5. From the total of 104 participants, 76% entered menopause before reaching 50. The
statistical analysis of our results showed that there is no significant relationship between the
menopause onset and the BMD, reported in the T-score at the lumbar spine (r=0.029,
p=0.771) or hip (r=-0.058, p=0.556). Contrary to our results, Zveki¢-Svorcan et al. [29]
observed statistically high connection between menopause onset and bone mineral density,
as well as between menopause duration and bone mineral density. Other authors also reported
that early menopause is an important risk factor for osteoporosis occurrence [30, 31]. We can
speculate that the reason why our results didn’t demonstrate significant correlation between
the menopause onset and the BMD could be the low average age at menopause onset among
the selected women in our study group.

The insight into exogenous risk factors of osteoporosis in this study showed that a small
percentage of the participants: were smokers (12,5%), used corticosteroids therapy (4.81%)
and consumed alcohol (11.54%), but the percentage of participants who consume caffeine on
daily basis was rather high i.e. 76.92%. Smoking, corticosteroids therapy and alcohol and
caffeine consumption are well-known risk factors that may be associated with low bone
density and increased risk of osteoporotic fractures [32, 33, 34, 18]. Identifying major
exogenous risk factors on national level and understanding their impact on bone loss in
postmenopausal women need to be further elucidated.

Most of the participants in our study reported insufficient physical activity and sun
exposure. Insufficient activity was defined as person not meeting the WHO recommendations
on physical activity for health [35]. Among participants, 74.04% (n=77) reported to never
exercise. Only two women (1.92%) reported they practise physical exercise every day.
Studies have shown that poor dairy calcium intake, along with low physical activity are key
risk determinants of osteoporosis and fracture [17]. Regular physical activity that maintains
or increases muscle strength, coordination and balance is universal recommendation for the
prevention and treatment of osteoporosis, as well as for reducing the risk of falls and
fractures. Many authors reported that increased physical activity levels are associated with
reduced risk for low bone density in postmenopausal women [36, 37]. In order to change the
physical inactivity profile of Macedonian postmenopausal women determined in our study,
strategies should be created to address this group of patients.

Conclusion
The mean daily calcium intake among our study participants was 854.3+260.4 mg which

is below the calcium recommended nutrient intake (RNI) for postmenopausal women. This
study’s findings confirmed that the reduction of the bone mineral density (BMD), reported
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using T-scores, depends on age and choice of measurement site. Education on the importance
of calcium in the diet and knowledge on the lifestyle factors that affect bone loss are needed
toward decreasing risk for osteoporosis and related fractures in postmenopausal women. The
education should cover different age categories of women because the bone mass in later life
depends on the peak bone mass achieved during growth and the rate of subsequent age-related
bone loss. In order to change the physical inactivity profile of Macedonian postmenopausal
women and their nutritional habits, preventive strategies should be created to address this
group of patients.

Identifying major exogenous risk factors on national level and understanding their
impact on bone loss in postmenopausal women need to be further elucidated.
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