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Background

Osteoporosis is a common chronic disease characterized by low bone mineral density
(BMD) and microarchitectural deterioration of the bone, which are associated with
increased risk of fragility fractures. Currently the most popular tool is the fracture risk
assessment model FRAX to calculate the 10-year probability of major osteoporotic
fractures (MOF) and hip fractures (HF).

Objective

To investigate the prevalence of low BMD at axial sites and fracture risk in Bulgarian
population.

Methods

We retrospectively analyzed dual energy X-ray absorptiometry (DXA) scan results of 12
478 subjects. Scan results included BMD and T-score assessments of lumbar spine and
femoral neck. FRAX major osteoprotic fracture (MOF) and FRAX hip fracture (HF) were
assessed in subjects between 40 and 90 years using BMD values.

Results

Of total 12478 subjects, 12119 were women and 359 were men. The mean age of the
subjects was 61 years (yrs.) £ 10 yrs. The overall prevalence of low BMD at the lumbar
spine was 6084/9336 subjects (65.2%). 3502/9336 subjects (37.5%) were considered as
osteopenic and 2582/9336 subjects (27.7%) were considered as osteoporotic. The overall
prevalence of low BMD at the femoral neck was 2036/3140 (64.8%). 1641/3140 subjects
(52.3%) were classified as osteopenic and 395/3 140 subjects (12.6%) were classified as
osteoporotic. The mean values of FRAX MOF and FRAX HF increased significantly with
increasing the age interval.

Conclusion

This study is the largest epidemiological research in Bulgaria up to date about the
prevalence of low BMD at axial sites.
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INTRODUCTION

Osteoporosis is a common chronic non-communicable dis-
ease with heterogenic management according to the differ-
ent national approaches.! The prevalence of osteoporosis
is predicted to increase in the future due to the aging of
the population.? In 1994 World Health Organization (WHO)
recognized osteoporosis as a well-defined disease and pro-
vided its diagnostic criteria based on the assessment of the
BMD.3 BMD at the femoral neck was considered as a refer-
ence standard to define osteoporosis. Subjects with a BMD
value 2.5 standard deviations (SD) or more below the young
female adult mean (T-score less than or equal to —2.5 SD)
are classified as “osteoporotic”.4

Osteoporosis is divided into primary and secondary
forms. Primary osteoporosis occurs in postmenopausal
women in relation to oestrogen deficiency and in senile
people according to impaired calcium absorption in the in-
testine as a result of decreased levels of vitamin D and
low activity. Secondary osteoporosis occurs due to under-
lying diseases and the use of some drugs. Endocrine, gas-
trointestinal, liver, hematological, rheumatological, renal,
genetic, etc. diseases can cause osteoporosis. The use of
medications such as glucocorticoids, anti-epileptics,
chemotherapy agents, proton pump inhibitors, and thiazo-
lidines are also related to osteoporosis.>©

Low BMD and microarchitectural deterioration of the os-
teoporotic bone are associated with an increased risk of
fragility fractures. Fragility fractures are fractures caused
by mechanical forces that would not normally break a
healthy bone, known as low-level (or ‘low energy’)
trauma.®=8 20% of the patients who experienced one frac-
ture are at risk for a second fracture within the first year.
The costs of osteoporotic fractures in the European Union
accounted for €32 billion in the year 2000 and were pre-
dicted to double by 2050.2

Risk factors for osteoporosis are fixed and modifiable.
Fixed risk factors include age, height loss, female gender,
family history of osteoporosis, previous fracture, ethnicity,
estrogen deficiency, amenorrhea, menopause, and hys-
terectomy.’~12 Modifiable risk factors include alcohol con-
sumption, smoking, low body mass index (BMI), poor nu-
trition, low dietary calcium intake, vitamin D deficiency,
eating disorders, insufficient exercise, and frequent falls.
Most of them impact bone biology and lead to a decrease in
BMD, but some of them increase the risk of fracture inde-
pendently.13,14

There are several tools for the assessment of osteo-
porotic and fracture risk. Currently, the most popular tool is
the fracture risk assessment model FRAX published on the
University of Sheffield website in 2008. The FRAX model
provides a framework that improves fracture risk assess-
ment in men and women, integrating clinical risk factors
alone or in combination with BMD.!5 FRAX has been de-
veloped to calculate the 10-year probability of major osteo-
porotic fracture or hip fracture.1® The aim of this study was
to assess the prevalence of low BMD at axial sites and frac-
ture risk in the Bulgarian population.

MATERIALS AND METHODS
ETHICAL CONSIDERATIONS

All procedures performed were in accordance with the eth-
ical standards of the institutional and/or national research
committee.

ASSESSED PARAMETERS

We retrospectively assessed the DXA scan results of 12478
subjects conducted between 2011 and 2019 in two sites
in Pleven, Bulgaria - Diagnostic Consultative Center “Avis
Medika” and Clinic of Imaging Diagnostics of the University
Hospital “Dr. Georgi Stranski”. DXA osteodensitometry was
performed with DEXA devices Lunar Prodigy made by Gen-
eral Electric and QDR 4500 C made by Hologic, USA.

Data were available for the following subjects’ charac-
teristics: sex, age, weight, height, and BMI. Subjects were
divided into age decades. Scan results included parameters
for the lumbar spine and femur. The accessible lumbar
spine variables were BMD and T-score of the whole spine.
Hip assessments included information about BMD and T-
score of the femoral neck. FRAX for MOF and FRAX for
HF were assessed in subjects between 40 and 90 years with
BMD. FRAX was calculated using the United Kingdom algo-
rithm due to the absence of a national model in the time
period between 2011 and 2019.

DEFINITIONS

T-score values were considered as normal if >-1 SD, os-
teopenic if <-1 and >-2.5 SD, and osteoporotic if <-2.5 SD.
Each zone with an available T-score value was defined into
three groups - normal, osteopenic, and osteoporotic. Sub-
jects were attributed to three groups: 15t group - women
aged 50 years and older, 29 group - women under 50 years,
and 3th group - male subjects. Subjects with BMI under 18,5
kg/m? were considered underweight, those with BMI be-
tween 18.5 and 24.9 kg/m2 were considered to be normal
weight and those with BMI equal or above 25 kg/m? were
defined as overweight.

STATISTICAL ANALYSIS

SPSS 19.0 was used to assess the data. We summarized the
collected information through descriptive statistics in ta-
bles with mean values, minimum, maximum values, stan-
dard deviations, and standard errors. Pearson’s chi-squared
test was used to determine whether there is a statistically
significant difference between the expected frequencies
and the observed frequencies. Analysis of variance
(ANOVA) was used to analyze the differences among two or
more population means. Statistical significance was set as
p<0.05.

RESULTS

Of 12478 subjects, 12119 were women (10420 women aged
50 yrs. or older and 1699 women under 50 yrs.) and 359
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Table 1. Subjects’characteristics; years (yrs.), S.D.-standard deviation, S.E.-standard error
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Subjects . N Mean S.D. S.E. Minimum Maximum P-
characteristics value
female
250 10420 64.02 8.178 .080 51 93
yrs.
female
Age <50 1699 4533 5.345 .130 18 50 0.000
yrs.
male 359 56.31 13.965 737 21 86
Total 12478 61.25 10.342 093 18 93
female
250 10420 69.486 13.9848 .1370 35.0 162.0
yrs.
) female
Weight <50 1699 68.717 16.2024 3931 380 140.0 0.000
yrs.
male 359 79.710 15.5389 8201 44.0 130.0
Total 12478 69.675 14.4576 1294 35.0 162.0
female
250 10420 160.19 6.695 066 115 186
yrs.
. female
Height <50 1699 163.51 6474 157 134 184 0.000
yrs.
male 359 173.27 6.816 .360 150 195
Total 12478 161.02 7.086 063 115 195
female
250 10420 27.070479 5.1651119 .0505995 13.6719 65.7845
yrs.
female
BMI <50 1699 25.666984 5.7300585 .1390152 14.8721 551111 0.000
yrs.
male 359 26.491053 45992677 2427401 15.2249 42.4490
Total 12478 26.862709 5.2524235 .0470205 13.6719 65.7845

were men. The mean age of the subjects was 61 years (yrs.)
* 10 yrs. (range 18-93 yrs.), mean weight - 69.7 kilograms
(kg.) £ 14.5 kg. (range 35-162 kg), mean height - 161 cen-
timeters (cm) * 7 ¢cm (range 115-195 cm) and mean BMI
was 26.9 kg/m? = 5.3 kg/m? (range 13.7 kg/m? - 65.8 kg/m?).
Age, weight, height, and BMI differed significantly between
the groups: females >50 yrs., females <50 yrs. and males
with p-values corresponding to 0.000 for each subject’s
characteristics, table 1.

7432/12478 (59.6%) subjects were overweight, 4746/
12478 subjects (38%) were of normal weight and 301/12478
subjects (2.4%) were underweight. In the group of the fe-
male subjects >50 yrs., 6428/10420 women (61.7%) were
overweight, 3792/10420 women (36.4%) were of normal
weight and 201/10420 women (1.9%) were underweight. In
the group of the female subjects <50 yrs., 807/1699 women
(47.5%) were overweight, 3792/1699 women (47.1%) were
of normal weight and 92/1699 women (5.4%) were under-
weight. In the group of male subjects, 197/359 men (54.9%)
were overweight, 154/359 men (42.9%) were with normal
weight and 8/359 men (2.2%) were underweight, table 2.

BMI categories differed significantly between the subjects’
groups, p=0.000.

DISTRIBUTION OF THE SUBJECTS ACCORDING TO THE
AGE DECADES

Of total 10420 female subjects - 3574/ (34.3%) were aged
50-59 yrs., 4093 (39.3%) were 60-69 yrs., 2335 (22.4%) were
70-79 yrs., 409 (3,9%) were 80-89 yrs. and 9 (0.1%) were >90
yrs. Of overall 1699 women under 50 yrs., 12 (0.7%) were
under 20 yrs., 26 (1.5%) were aged 20-29 yrs., 152 (8.9%)
were 30-39 yrs. and 1509 (88.8%) were 40-49 yrs. Of to-
tal 359 male subjects, 12 (3.3%) were 20-29 yrs., 26 (7.2%)
were 30-39 yrs., 81 (22.6%) were 40-49 yrs., 74 (20.6%)
were 50-59 yrs., 104 (29%) were 60-69 yrs., 49 (13.6%) were
70-79 yrs. and 13 (3.6%) were >80 yrs.

BONE MINERAL DENSITY

BMD and T-score values of the lumbar spine were assessed
in 9336/12478 subjects (74.8%). BMD and T-score values
of the femoral neck were present for 3140/12478 subjects
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Table 2. Distribution of the subjects according to the BMI categories

. ColumnN
Characteristics Count (%)
<18.5 kg/m?2 301 2.4%
Distribution of all subjects'accordlng to the 18.5-24.9 kg/m? 4746 38.0%
BMI categories
> 25 kg/m? 7432 59.6%
<18.5 kg/m?2 201 1.9%
female 250 BMI . 18.5-2421,9 3792 36.4%
yrs. categories kg/m
> 25 kg/m? 6428 61.7%
<18.5 kg/m2 92 5.4%
s female <50 BMI 18.5-24.9 o
Subjects’ groups yrs. categories kg/m?2 800 47.1%
> 25 kg/m? 807 47.5%
<18.5 kg/m2 8 2.2%
male BMI 18'5'2‘2"'9 154 42.9%
categories kg/m
> 25 kg/m?2 197 54.9%

(25.2%). The mean total BMD of the lumbar spine was 0.970
g/cm?+0.19 SD and the mean total T-score of the lumbar
spine assessments was -1.24 SD#1.53 SD. The mean total
BMD of the femoral neck was 0.797 g/cm2+.15 SD and the
mean total T-score of the femoral neck was -1.30 SD*1.17
SD.

1262 lumbar spine acquisitions and 432 femoral neck
scans were done for female subjects <50 yrs. The mean total
BMD values of the lumbar spine differed significantly be-
tween the groups according to the age decades (p=0.001).
Interestingly, the youngest group is under 20 yrs. showed
the lowest mean total BMD of the lumbar spine and the
group with age interval 20-29 showed the highest mean to-
tal BMD of the lumbar spine, fig. 1a). Mean BMD values
of the femoral neck didn’t differ significantly (p=0.342) be-
tween the age groups and decreased with the age excepting
the age group 20-29 yrs. where the mean BMD of the
femoral neck was the lowest compared to other age groups,
fig. 1b).

Women aged 50 and older had 7803 lumbar spine scans
and 2611 femoral neck scans. The mean total BMD values
of the lumbar spine and the mean BMD values of the
femoral neck differed significantly between the age decades
(p=0.000 for both groups). The mean total BMD of the lum-
bar spine decreased with increasing age decade, fig.1c). The
mean BMD of the femoral neck also decreased with increas-
ing the age decade except for the age decade >90 yrs. where
the mean BMD was higher compared to the age decade
80-89 yrs., fig.1d).

264 men had assessments for total BMD of the lumbar
spine and 95 men had results for femoral neck BMD. The
mean total BMD of the lumbar spine differed significantly
in the different decades of age in male subjects (p=0.000).
The mean BMD values of the femoral neck didn’t differ sig-
nificantly in the different decades of age in male subjects
(p=0.07). It can be seen that the age groups 20-29 yrs. and
30-39 showed lower mean total BMD of the lumbar spine

and mean BMD of the femoral neck compared to other age
groups. In men over 50 yrs., the lowest mean total BMD of
the lumbar spine was present in the age group 60-69 yrs.
and the lowest mean BMD of the femoral neck was present

in the age group 70-79 yrs, fig.1e), fig.1f).
PREVALENCE OF LOW BMD AT AXIAL SITES

The overall prevalence of low BMD at the lumbar spine was
6084/9336 subjects (65.2%). 3502/9336 subjects (37.5%)
were considered osteopenic and 2582/9336 subjects
(27.7%) were considered osteoporotic. The prevalence of
normal BMD, osteopenia and osteoporosis of the lumbar
spine is shown in Fig. 2a). Osteoporosis was most frequent
in the group of female subjects >50 yrs. with an incidence
of 2413/7808 women (30.9%). 135 of 1264 women (10.7%)
under 50 yrs. and 34 of 264 men (12.9%) have been diag-
nosed with osteoporosis.

The overall prevalence of low BMD at the femoral neck
was 2036/3140 (64.8%). 1641/3140 subjects (52.3%) were
classified as osteopenic and 395/3 140 subjects (12.6%) were
classified as osteoporotic. The prevalence of normal BMD,
osteopenia, and osteoporosis of the femoral neck is dis-
played in Fig. 2b). Osteoporosis was most frequent in the
group of female subjects >50 yrs. with an incidence of 368/
2612 women (14.1%). 14 of 435 women (3.2%) were under
50 yrs. and 13 of 93 men (14%) have been diagnosed with
osteoporosis.

FRACTURE RISK FRAX

FRAX MOF and FRAX HF were assessed with BMD for 1863
subjects and the results are displayed on figure 3 in differ-
ent age decades between 40 and 90 yrs. The mean FRAX
MOF was 7.02%+4.14 SD (range 2-33%) and the mean FRAX
HF was 1.42%*2.17 SD (range 0-20%). The mean values of
FRAX MOF and FRAX HF increased significantly with in-
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Figure 1. Mean BMD values displayed in the different decades of age: a) mean BMD of the total lumbar spine in
women <50 yrs.; b) mean femoral neck (FN) BMD in women <50 yrs.; ¢) mean BMD of the total lumbar spine in
women >50 yrs.; d) mean FN BMD in women >50 yrs.; €) mean BMD of the total lumbar spine in men; d) mean FN
BMD in men
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Figure 2. Prevalence of osteoporosis, osteopenia and normal BMD according to the BMD assessments of a)

lumbar spine; b) femoral neck

creasing the age interval (p=0.000 for both fracture risk
groups). 211 subjects between 40 and 49 yrs. had a mean
FRAX MOF of 3.17% and mean FRAX HF of 0.31%. 667 sub-
jects aged 50-59 yrs. had a mean FRAX MOF of 4.89% and
a mean FRAX HF of 0.67%. 612 subjects in the age inter-
val 60-69 yrs. were with mean FRAX MOF 7.73% and mean
FRAX HF 1.34%. 316 subjects aged 70-79 yrs. had a mean
FRAX MOF of 11.18% and a mean FRAX HF of 3.02%. 57
subjects with age 80-89 yrs. were with mean FRAX MOF of
15.38% and a mean FRAX HF of 6.13%. The median values
for FRAX MOF and FRAX HF increased in the age decades
whereas the age interval was 80-89 yrs. showed the highest
median value for both groups.

DISCUSSION

This is the first study presenting large data about BMD
and T-score values of the axial skeleton from DXA scans
in the Bulgarian population. A previously published study
in Bulgaria showed DXA scan results of the forearm for
8869 women aged 20-87 yrs. The incidence of osteopenia
in this study was 28.8% and the incidence of osteoporosis
was 15.16%.17 Another published study with an overall of
2600 Bulgarian female subjects presented a 37.31% preva-
lence of osteoporosis at the spine and 16.14% prevalence of
osteoporosis at the left hip in women aged 50 and older.18
In our study among 12119 female subjects the incidence
of osteoporosis at the spine in women aged 50 and older
accounted for 30.9% which was 7% lower than those inci-
dences presented by Boyanov et al. Largest epidemiologi-
cal osteoporosis trial among 1331 women aged 50 years or
older in Bulgaria identified 16.8% incidence of osteoporo-
sis of the femoral neck.19 The prevalence of osteoporosis at
the femoral neck in women aged 50 and older in our study

amounted to 14.1% which was 2.7% lower compared to the
study of Borissova et al.

According to the new Scorecard for osteoporosis in Eu-
rope SCOPE 2021 the overall incidence of osteoporosis for
all 27 countries of the European Union, England and
Switzerland amounts to 22.1% for women and 6.6% for
men. In men over the age of 50 years, the prevalence of os-
teoporosis varied from 5.7% (Slovakia) to 6.9% (Sweden).
In women, the prevalence ranged from 19.3% (Cyprus) to
23.4% (Italy).! In a Turkish study with 3862 DXA measure-
ments in female and male subjects the overall incidence of
osteoporosis at the lumbar spine was 49% in Mugla and
40.8% in Erzurum which was higher compared to our over-
all incidence of the lumbar spine (27.7%).20 In a Greek
study among 10142 females aged 20-90 years, the preva-
lence rate of osteoporosis was lower (15.3%) at the lumbar
spine as compared to our study (27.7%) and higher (17.7%)
at the femoral neck than our study (12.6%).2! Romanian
study among 622 menopausal women showed similar in-
cidence of osteoporosis at the lumbar spine (27%) com-
pared to our study (27.7%).22 In a Serbian study in 130
postmenopausal women the prevalence of osteoporosis was
43% at the spine and 17.7% for the total hip and these
incidences were higher compared to our study (27.7% for
the lumbar spine and 12.6% for femoral neck).23 Haussler
et al. reported data from one health insurance fund cov-
ering 1.5 million beneficiaries in Germany and calculated
that, in 2003, the frequency of osteoporosis at the femoral
neck in women aged 50 years and older with osteoporosis
was 39% and in men aged 50 and older was 9.7% at the
femoral neck.24 In Sweden approximately 6% of the men
and 21% of the women aged 50-84 years were classified as
having osteoporosis at the femoral neck.2> In the United
States according to the National Health and Nutrition Ex-
amination Survey (NHANES) study 2005-2006, 10% of the
women and 2% of the men aged >50 yrs. had osteoporosis
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Figure 3. Boxplot diagrams presenting minimum, first quartile (Q1), median, third quartile (Q3), maximum,
whiskers, and outliers for a) FRAX MOF and b) FRAX HF in the different age decades.
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at the femoral neck.26 According to NHANES data for the
period 2017-2018 the prevalence of osteoporosis at either
the femoral neck or lumbar spine or both among adults
aged 50 and over increased as compared to NHANES study
2005-2006 up to 19.6% for women and up to 4.4% for
men.27 These incidences were lower compared to our study.
The prevalence of osteoporosis in a Spanish study among
824 postmenopausal women over the age of 50 yrs. was es-
timated as 27.0% for the lumbar spine, which was lower
compared to our study (30.9%), and 15.1% for the femoral
neck, which was minimally higher than those in our study
(14.1%).28

This is the first study in Bulgaria that compares BMD val-
ues between age decades in three subject groups: women
under 50 yrs., women aged 50 yrs. and over and men. In-
terestingly, in the group of female subjects younger than
50 yrs. the lowest mean BMD value was shown at the ages
below 20 yrs. Similar results were observed in the group of
men where the lowest mean BMD values were presented at
the ages of less than 20 yrs. for lumbar spine and in the age
intervals less than 40 yrs. for femoral neck. We suggest that
the reason for these results could be explained by the fact
that young subjects undergo DXA scans mostly if they have
some disease or use medications which could lead to osteo-
porosis. Above the age of 50 yrs. in the group of females,
the lowest mean BMD value at the lumbar spine was pre-
sented at ages after 90 yrs. and those at the femoral neck
in the age interval 80-89 yrs. The higher mean BMD value
at the femoral neck in women aged 90 yrs. and over com-
pared to the age interval 80-89 yrs. could be due to lim-
ited data available for the ages over 90 yrs. (7 subjects) or
due to severe scoliosis, osteophytes, etc. which could lead
to falsely elevated BMD values. After the age of 50 yrs. in
the group of males the lowest mean BMD has presented in
the age decade 60-69 yrs. for the lumbar spine and in the
age decade 70-79 yrs. for the femoral neck.

In the current study, the mean FRAX MOF for all subjects
was 7.02% and the mean FRAX HF was 1.42%. A Previous
Bulgarian study reported a mean FRAX MOF of 13.4+9.2%
and mean FRAX HF of 2.8+5.2% which was higher compared
to our study may be due to the absence of subjects aged
40-49 yrs. and the absence of male subjects.19 Recent pub-
lished studies presented that women had higher fracture
probabilities than men.2? Mean FRAX MOF values differed
between the European countries - 7% in Spain, 9.4% in
France, 12% in Germany and Italy and 21% in Sweden.”
Spanish studies investigated only patients with osteoporo-
sis and reported mean FRAX MOF and FRAX HF of 8.6

7.35% and 3.36 * 4.64% respectively, which was higher than
our mean values.30 Palestinian studies reported lower mean
fracture risk compared to our study - 3.7% for FRAX MOF
and 0.3% for FRAX HF.1¢ These results show that fracture
risk differs between the countries and the use of a specific
national FRAX model is needed.

LIMITATIONS

The studied sample consisted of patients which were se-
lected by physicians to conduct DEXA scan and was there-
fore not random. Furthermore, the UK FRAX algorithm was
used to calculate FRAX MOF and FRAX HF due to the ab-
sence of a national model for the time period 2011 to 2019.

CONCLUSION

This study is the largest epidemiological research in Bul-
garia up to date about the prevalence of low BMD using
DXA scans at axial sites for 12478 subjects. The overall
prevalence of low BMD at the lumbar spine was 65.2% and
at the femoral neck, the prevalence was 64.8%. The overall
incidence of osteoporosis at the lumbar spine was 27.7%
and at the femoral neck was 12.6%, which was lower than
the values reported in previous published Bulgarian stud-
ies.
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