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Минеральная плотность костной ткани и низкоэнергетические переломы  
у пациентов после инсульта

В. В. Поворознюк, М. А. Быстрицкая, Н. В. Григорьева

Цель работы – изучить показатели минеральной плотности костной ткани (МПКТ) и частоты низкоэнергетических пере-
ломов у мужчин и женщин с перенесенным ишемическим инсультом в зависимости от стороны поражения и продолжи-
тельности послеинсультного периода.
Материалы и методы. Обследовали 140 пациентов в возрасте 50–80 лет, которых разделили на 2 группы: I – лица без 
каких-либо заболеваний, влияющих на состояние костной ткани, II – больные после перенесенного ишемического инсульта. 
Показатели МПКТ измеряли с помощью метода двухэнергетической рентгеновской абсорбциометрии.
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The aim was to study the parameters of bone mineral density (BMD) and frequency of fragility fractures in males and females 
with ischemic stroke depending on a side of brain’ injury and duration of post-stroke period.
Materials and methods. We examined 140 patients aged 50–80 years old, divided into 2 groups: I – subjects without any di
seases influencing the bone state and II – patients after ischemic stroke. BMD indexes (BMDs) were measured using dual-energy 
X-ray absorbtiometry method.
Results. The males with stroke had significantly lower parameters of total body, upper extremity and trunk BMDs compared to 
indexes of the control group without any differences in lower extremities BMDs in contrast to women with stroke who had lower 
BMDs of total body, trunk and upper/lower extremities compared to parameters of the control group. Almost all measured BMDs 
were significantly lower on a paretic side compared to BMDs on a non-paretic side, except distal radius and total lower extremities 
BMDs in men with stroke in contrast to women who demonstrated significantly lower femoral neck and total femur BMDs compared 
to the control group. Most BMDs were decreased in females with post-stroke period duration of more than 1 year in contrast to data 
in men who did not show any BMD differences, except significantly decreased BMD of upper extremities compared to the control 
group. Fragility fractures were revealed in 21.4 % of patients after stroke (31.8 % in women and 10.0 % in men, P < 0.05), their 
frequency was higher only in women compared to the control group patients.
Conclusions. BMDs in stroke patients are lower and frequency of osteoporosis is higher with some sex differences that should 
be taken into account in their assessment and development of rehabilitation programs for older age subjects.

Мінеральна щільність кісткової тканини й низькоенергетичні переломи  
в пацієнтів після інсульту

В. В. Поворознюк, М. А. Бистрицька, Н. В. Григор’єва

Мета роботи – вивчити показники мінеральної щільності кісткової тканини (МЩКТ) і частоти низькоенергетичних переломів 
у чоловіків і жінок із перенесеним ішемічним інсультом залежно від боку ураження, тривалості післяінсультного періоду.
Матеріали та методи. Обстежили 140 пацієнтів віком 50–80 років, яких поділили на 2 групи: I – особи без будь-яких 
захворювань, що впливають на стан кісткової тканини, II група – хворі після перенесеного ішемічного інсульту. Показники 
МЩКТ вимірювали за допомогою методу двохенергетичної рентгенівської абсорбціометрії.
Результати. У чоловіків із перенесеним інсультом виявили вірогідно нижчі показники МЩКТ усього скелета, верхніх кінцівок, 
тулуба порівняно з показниками контрольної групи без значущих відмінностей параметрів МЩКТ нижніх кінцівок; жінки з 
інсультом мали вірогідно нижчі показники МЩКТ усього скелета, тулуба й верхніх/нижніх кінцівок порівняно з показниками 
контрольної групи. У чоловіків з інсультом більшість показників МЩКТ із паретичного боку були вірогідно нижчими порівняно 
з відповідними з непаретичного, крім показника МЩКТ променевої кістки та загального показника МЩКТ нижніх кінцівок; у 
жінок визначили вірогідно нижчі параметри МЩКТ стегнової кістки та її шийки порівняно з показниками контрольної групи. 
Більшість показників МЩКТ зменшувалися з тривалістю післяінсультного періоду понад 1 рік у жінок, на відміну від таких 
даних у чоловіків, в яких вірогідно нижчим був тільки показник МЩКТ верхніх кінцівок. Низькоенергетичні переломи виявили 
у 21,4 % хворих після інсульту (31,8 % жінок і 10,0 % чоловіків), при цьому їхня частота була вірогідно вищою тільки в жінок 
порівняно з особами контрольної групи.
Висновки. У хворих, які перенесли інсульт, показники МЩКТ вірогідно нижчі, а частота низькоенергетичних переломів 
є вищою з певними відмінностями за статтю, що мають бути враховані під час оцінювання та розроблення реабіліта-
ційних програм у хворих старших вікових груп.
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Результаты. У мужчин с перенесенным инсультом установлены достоверно более низкие показатели МПКТ всего скелета, 
верхних конечностей и туловища по сравнению с показателями контрольной группы без значимых различий параметров 
МПКТ нижних конечностей; у женщин с инсультом отмечены достоверно более низкие показатели МПКТ всего скелета, 
туловища и верхних/нижних конечностей по сравнению с показателями контрольной группы. У мужчин с инсультом 
большинство показателей МПКТ на паретической стороне были достоверно ниже по сравнению с соответствующими на 
непаретической стороне, за исключением показателя МПКТ лучевой кости и общего показателя МПКТ нижних конечно-
стей. У женщин установлены достоверно более низкие параметры МПКТ бедренной кости и ее шейки по сравнению с 
показателями контрольной группы. Большинство показателей МПКТ уменьшались при длительности послеинсультного 
периода более 1 года у женщин, в отличие от таких данных у мужчин, у которых достоверно ниже был только показатель 
МПКТ верхних конечностей. Низкоэнергетические переломы отмечены у 21,4 % больных после инсульта (31,8 % женщин и 
10,0 % мужчин), при этом их частота была достоверно выше только у женщин по сравнению с лицами контрольной группы.
Выводы. У больных с перенесенным инсультом показатели МПКТ были достоверно ниже, а частота низкоэнергети-
ческих переломов выше с некоторыми различиями в зависимости от пола, которые должны быть учтены при оценке 
и разработке реабилитационных программ у больных старших возрастных групп.

Stroke and systemic osteoporosis are both important 
age-related diseases which are associated with increased 
disability and high risk of mortality [1,2]. Each of them has 
own prevalence, risk factors and clinical features; however, 
their combination is life-threatening for elderly patients [3–6].

Various observations and longitudinal studies, which 
were performed over the  past decades, demonstrated 
progressive bone loss in stroke patients with some gender 
particularities. Progressive bone loss stars immediately 
after stroke; however, its mechanisms are fundamentally 
different in patients with secondary systemic osteoporosis 
with stroke from postmenopausal ones. Moreover, current 
evidences demonstrate that the rate of bone loss depends 
on sex, post-stroke duration, patients’ age, stroke severity, 
falls, preexisting osteoporosis or other reasons [7–10].

Additionally, numerous literature data confirm that 
patients with stroke have an increased risk of osteoporotic 
fractures; however, the  information about their incidence 
differs significantly [11–14]. Furthermore, most studies 
were performed in Western and Asian countries, but 
studies among the Ukrainian population have not yet been 
conducted.

The aim
The aim was to study the parameters of bone mineral den-
sity (BMDs) and frequency of fragility fractures in males and 
females with ischemic stroke depending on a side of brain 
injury and duration of post-stroke period.

Materials and methods
The study was conducted at Department of Clinical Phy
siology and Pathology of Locomotor Apparatus with collab-
oration of Department of Cerebral Vascular pathology of  
D. F. Chebotarev Institute of Gerontology NAMS of Ukraine 
and was approved by Ethics Committee of the  Institute 
(19.12.2014, protocol № 5). All patients signed informed 
consent for participation in the  study and treatment in 
the Institute Clinic.

We have performed a cross-sectional case-control 
research design and have examined 140 patients aged 
50–80 years old, who were divided into 2 groups depending 
on previous stroke: Group I (control) – subjects without any 
significant states or diseases influencing bone state and 
metabolism (n = 70, 30 males and 40 females) and Group 
II – patients with stroke (n = 70, 30 men and 40 women).

Patients of Group I were examined at the Department 
of Physiology and Pathology of Locomotor Apparatus for 
bone mineral density without being admitted to a hospital 
and signed an informed consent to participate in the study 
of osteoporosis. All patients of Group II were hospitalized 
to the  Department of Cerebral Vascular pathology of  
D. F. Chebotarev Institute of Gerontology NAMS of Ukraine 
for rehabilitation after a stroke. These subjects were ad-
vised to participate in a study to examine osteoporosis. 
Patients who agreed and signed the informed consent to 
participate in the study were examined in the Department 
of Physiology and Pathology of Locomotor Apparatus of this  
institute.

The diagnosis of stroke was confirmed previously by 
neuroimaging (СT or MRI). Mean duration of post-stroke 
period did not differ between sex and was 1.7 ± 1.9 years 
in males and 1.7  ±  1.9 years in females, respectively 
(t = 0.02, P = 0.98). All patients had unilateral ischemic 
stroke. The severity of paresis was established according 
to NIH Stroke Scale [15]. Mild, moderate and severe degree 
of paresis was observed in 31.1 %, 44.8 %, 24.1 % of men, 
respectively. The similar data in women constituted 25.0 %, 
45.0 % and 30.0 %.

All patients were standardized by age (P > 0.05 for 
both groups of men and women, Table 1). The parameter 
of height also did not differ depending on stroke presence 
in males and females; however, it was higher in men com-
pared to women of both groups. Additionally, we did not 
find any significant differences in weight and body mass 
index (BMI) parameter in males and females depending 
on stroke presence. Characteristics of the  patients are 
presented in Table 1.

Bone mineral density of the femoral neck, total femur, 
lumbar spine, radius (ultradistal, distal and total) and the to-
tal body were measured using dual-energy X-ray absorpti-
ometry (DXA) (Prodigy, GEHC Lunar, Madison, WI, USA). 
Interpretation of DXA results for men and women aged 50 
years and older was conducted according to the Internatio
nal Society for Clinical Densitometry recommendations [15] 
according to the lowest T-score at lumbar spine, proximal 
femur or femoral neck (normal bone (T- score > -1.0 SD), 
osteopenia (≤ (-1.0) T- score ˃ (-2.5) SD and osteoporosis 
(T- score ≤ -2.5 SD).

We performed the analysis in women and men sepa-
rately depending on paretic and non-paretic body side and 
post-stroke duration. An assessment based on the duration 
of post-stroke periods was performed by dividing the pa-
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tients into the following groups: 1 – duration of post-stroke 
period less than 6 months, 2 – from 6 months to 1 year, 
3 – from 1 to 2 years, 4 – post-stroke period more than  
2 years.

Presence, localization, mechanism and timing of 
fracture were determined using specialized questionnaire, 
which was developed in Ukrainian Scientific Medical 
Center of Osteoporosis. All information was received from 
patients by interview. The frequency of fragility fractures 
was calculated in %.

The statistical analysis was performed using the me
thods of descriptive statistics. The distribution of all variables 
was tested using the Shapiro–Wilk test. Inter-group com-
parisons were made using the Student’s t-test, Mann-Whit-
ney U test (for parametric and non-parametric variables) 
and one-way analysis of variance (ANOVA) with Scheffe 
test. Continuous parameters were represented at mean 
(M) ± standard deviation (SD). Differences in the distribution 
of samples were evaluated using criterion χс

2 test. The pack-
ages of Statistica10.0 Copyright© StatSoft Inc., 1984–2011 
software were used for analysis.

Results
Analysis of DXA parameters in both groups showed that 
most BMD indexes (except femoral neck) were significantly 
higher in men in comparison with similar indexes in women. 
In addition, all measured BMD parameters (lumbar spine, 
femoral neck, total hip, radius and total body) in women with 
stroke were significantly lower compared to similar indexes 
in the control group. Unlike the findings above, analysis of 
DXA parameters in men depending on stroke presence 
demonstrated significant differences only in distal radius 
and total body BMDs. These indexes were significantly 
decreased in males with stroke in comparison with similar 
indexes in the control group, whereas parameters of lumbar 
spine and femoral neck BMDs did not differ significantly 
(Table 2).

Osteoporosis, according to ISCD Recommendation 
[16] (≤-2.5 SD for men and women aged 50 years and 
more at lumbar spine/femoral neck/total hip), was regis-
tered in stroke persons more frequently than in subjects 
of the control group (χс

2 = 4.2, 95 % confidential interval 
(CI): 0.3–20.5, P < 0.05). Analysis of bone deterioration 
distribution (norm-osteopenia-osteoporosis) in men with 
stroke demonstrated that 6.7 % of them had osteoporo-
sis, 50.0 % – osteopenia and 43.3 % had normal BMD in 
comparison with 0.0, 16.7 % and 83.3 %, respectively in 
the control group. Also, it was established that 20.0 % of 
female with stroke had osteoporosis, 47.5 % – osteopenia 
and 32.5 % had normal BMD in comparison with 7.5 %, 
17.5 %, 75.0 %, respectively in the control group.

Analysis of BMD parameters depending on paretic 
or non-paretic body side revealed more substantial dif-
ferences in men compared to women after stroke. Almost 
all measured BMD indexes (Table 3) in males with stroke 
were significantly lower at paretic side compared to BMD 
parameters at non-paretic side of body, except distal radius 
and total lower extremities BMDs. Nevertheless, in females 
with stroke, only femoral neck and total femur BMD indexes 
were significantly decreased in comparison with similar BMD 
parameters in the control group.

Assessment of BMD differences in upper/lower ex-
tremities in men depending on side of brain injury showed 
that differences in paretic upper extremity and control were 
equal to 11.7 % (0.911 ± 0.149 versus 1.032 ± 0.11 4 g/cm2,  
t = 4.5, P < 0.001, respectively), in non-paretic one – 6.7 % 
(0.974 ± 0.121 versus 1.045 ± 0.118 g/cm2, t = 2.8, P < 0.05, 
respectively). The same differences in the lower extremities 
were less pronounced accounting for 4 % at paretic ones 
(1.359 ± 0,176 versus 1.453 ± 0.112 g/cm2, t = 2.0, P < 0.05, 
respectively) not significantly differently from non-paretic 
lower extremity.

The similar indexes in women were more expressed in 
the lower extremities and represented for these fourth spec-
ified parameters 9.8 % (0.771 ± 0.129 versus 0.356 ± 0.116 
g/cm2, t = 3.4, P < 0.001, respectively), 8.8 % (0.783 ± 0.134 
versus 0.859 ± 0.141 g/cm2, t = 2.7, P < 0.05, respectively), 
11.4 % (1.122 ± 0.182 versus 1.267 ± 0.122 g/cm2, t = 4.8, 
P < 0.001, respectively) and 10 % (1.130 ± 0.152 versus 
1.264 ± 0.111 g/cm2, t = 5.1, P < 0.001), respectively.

The ANOVA-analysis revealed the  influence of post-
stroke duration on all BMD indexes in females with stroke 
(lumbar spine: F = 5.88, p = 0.002; femoral neck: F = 6.98, 
P = 0.0008; total femur: F = 3.78, P = 0.02; upper extremities: 
F = 8.05, P = 0.0003; lower extremities: F = 3.70, P = 0.02; 
and total body BMDs: F = 4.44, P = 0.009). The assessment 
using Scheffe test did not show any significant differences 
between first two groups (duration of post-stroke period less 
than 6 months and 6 months-1 year) for all BMD indexes 
measured. However, the lumbar spine, femoral neck and 
upper extremities (Fig. 1A) BMDs in women of the 3d and 4th 
groups were significantly lower compared to similar indexes 
of the 2d group, whereas BMD parameters in total femur, 
total body and lower extremities (Fig. 1B) were significantly 
decreased only in females of the 4th group in comparison 
with same indexes of the 2d group.

Fragility fractures were revealed in 14 patients with 
stroke (20.0 %, 11 females (37.5 % from the all women) and 
3 males (10 % from the all men)). Four women with stroke 
(36.4 % from all fractures in the females) had hip fractures 
(mean post-stroke duration was 4.3 ± 4.0 years, two of them 
had moderate paresis and other individuals – severe one), 
two women (18.2 %, respectively) had vertebral fractures 

Table 1. Characteristic of patients

Index, units Group I Group II P1 P2

Men Women Men Women
Age, years 65.7 ± 6.0 62.2 ± 5.3 66.2 ± 9.2 66.6 ± 9.6 0.83 0.65
Height, m 1.73 ± 0.06 1.62 ± 0.06 1.74 ± 0.06 1.61 ± 0.06 0.27 0.32
Weight, kg 81.9 ± 12.7 78.3 ± 9.8 83.3 ± 13.2 75.8 ± 14.6 0.64 0.32
Body mass index, kg/m2 27.5 ± 4.2 29.9 ± 3.8 27.4 ± 4.3 29.4 ± 5.4 0.92 0.56

Data presented as mean ± SD, Group I: control group, Group II: stroke patients, Р1: differences between the indices in men, Р2: differences between the indices in women.
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(mean post-stroke duration was 3.0 ± 1.4 years, one of them 
had moderate and the other had severe paresis). The other 
5 females with stroke had low-energy distal radius fractures 
(41 % of all fractures in women, respectively). In the control 
group, 9 women (13.6 %) had low-energy fracture (four of 
them had distal forearm fracture, two women had verte-
bral fractures and three females had other non-vertebral  
fractures).

Four men with stroke (10 %) had low-energy fractures 
(three of them had distal radius fractures (75 %) and one 
had other non-vertebral fracture (25 %)). In the control group 
men, three had non-vertebral fractures (5 % from all males).

Men and women with stroke and low-energy fractures 
did not differ significantly by age (in males and females, 
66.9 ± 7.3 та 64.7 ± 7.3 years, t = 0.54, P > 0.05, respective-
ly), duration of post-stroke period (1.89 ± 2.3 and 1.7 ± 1.7, 
t = 1.6, P > 0.05 and severity of paresis (2.0 ± 0.78 and 
2.1 ± 0.85, Mann–Whitney U Test = 1.05, P > 0.05). How-
ever, comparative analysis demonstrated that frequency 
of fragility fractures was higher in women with stroke 
compared to the control group patients (P < 0.05) without 
significant difference in men. Furthermore, the frequency of 
low-energy fractures in males with stroke was significantly 
lower compared to similar parameters in females (P < 0.01).

Таble 2. Bone mineral density indices in patients depending on stroke presence

Index, units Group I Group II P1 P2

Men Women Men Women
L1-L4: BMD, g/cm2 1.30 ± 0.11 1.19 ± 0.19 1.25 ± 0.21 1.06 ± 0.17 0.24  < 0.001
L1-L4: Т-score, SD 0.7 ± 0.9 0.1 ± 1.6 0.3 ± 1.8 -1.0 ± 1.4 0.28  < 0.001
L1-L4: Z- score, SD 1.0 ± 0.9 1.2 ± 1.5 0.6 ± 1.7 0.1 ± 1.2 0.29  < 0.001
Femoral neck: BMD, g/cm2 0.99 ± 0.04 0.99 ± 0.10 0.97 ± 0.17 0.85 ± 0.13 0.52  < 0.001
Femoral neck: Т-score, SD -0.6 ± 0.3 -0.3 ± 0.7 -0.8 ± 1.3 -1.4 ± 0.9 0.55  < 0.001
Femoral neck: Z- score, SD 0.4 ± 0.4 0.9 ± 0.7 0.2 ± 1.2 -0.1 ± 0.7 0.48  < 0.001
Distal radius: BMD, g/cm2 0.99 ± 0.07 0.81 ± 0.12 0.95 ± 0.10 0.72 ± 0.13  < 0.05  < 0.001
Distal radius: Т-score, SD -0.1 ± 0.8 -0.8 ± 1.4 -0.5 ± 1.0 -1.9 ± 1.4 0.09  < 0.001
Distal radius: Z- score, SD 0.6 ± 0.8 0.6 ± 1.3 0.2 ± 1.0 -0.3 ± 1.0 0.06  < 0.001
Total body: BMD, g/cm2 1.27 ± 0.07 1.17 ± 0.09 1.22 ± 0.12 1.06 ± 0.11  < 0.05  < 0.001
Total body: Т-score, SD 0.6 ± 0.8 0.5 ± 1.1 0.1 ± 1.5 -0.8 ± 1.3 0.09  < 0.001
Total body: Z- score, SD 0.8 ± 1.0 1.2 ± 1.0 0.3 ± 1.3 -0.1 ± 1.0 0.09  < 0.001

Таble 3. Differences in bone mineral density indices between paretic and non-paretic side of body in males and females with stroke, g/cm2

Index Males Females
M ± SD t Р M ± SD t Р

Femoral neck 0.05 ± 0.07 4.02 < 0.001 0.03 ± 0.05 3.84 < 0.001
Ward’s triangle 0.06 ± 0.13 2.49 0.02 0.01 ± 0.07 0.50 0.62
Trochanter 0.06 ± 0.11 3.45 0.001 0.01 ± 0.05 1.33 0.19
Total femur 0.05 ± 0.07 4.38 0.0001 0.02 ± 0.05 2.37 0.02
Upper extremities 0.06 ± 0.13 3.04 0.004 0.01 ± 0.09 0.53 0.60
Lower extremities 0.02 ± 0.08 1.84 0.07 0.00 ± 0.06 0.28 0.78
Ultradistal radius 0.05 ± 0.07 3.03 0.007 0.02 ± 0.04 1.71 0.11
Distal radius 0.04 ± 0.08 1.87 0.08 0.01 ± 0.06 0.83 0.42
Total radius 0.03 ± 0.07 2.20 0.04 0.02 ± 0.05 1.72 0.11
Total body 0.02 ± 0.05 2.62 0.01 0.01 ± 0.05 1.76 0.09
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Fig. 1. Bone mineral density of upper (A) and lower (B) extremities in women depending on the stroke duration.
1: duration of post-stroke period less than 6 months; 2: form 6 months to 1 year; 3: from 1 to 2 years; 4: post-stroke period more than 2 years; *: P < 0.05 compared to Group 2.
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Discussion
Stroke and systemic osteoporosis, which are associated 
with a high risk of disability, are both crucial age-related 
diseases with own prevalence, risk factors and clinical fea-
tures [1,3,7]. Sex is one of the common risk factor for both 
pathologies [5,6]. Since the mid 1990s, various cross-sec-
tional and longitudinal studies have been performed in 
patients after stroke. These studies have confirmed that 
osteoporosis and its complication (low-trauma fractures) are 
major challenges for these patients, significant bone loss is 
detected mainly on the paretic side, depends on the severity 
of functional deficits, post-stroke duration etc. and more 
evident in the upper extremities. However, all these studies 
were performed in various European, American and Asian 
populations therefore may have some ethnic differences, 
but studies among the Ukrainian population have not yet 
been conducted.

Our study is the first one in Ukraine aimed at identifying 
the features of BMDs and frequency of fragility fractures in a 
Ukrainian cohort with stroke depending on the side of brain 
injury and duration of post-stroke period. Our previous stu
dies focused on some particularities of risk factors in stroke 
patients [17,18], however, they analyzed the parameters 
of body composition, and did not studied the frequency of 
osteoporotic fractures.

This research has demonstrated that all measured BMD 
parameters (lumbar spine, femoral neck, total hip, radius and 
total body) in women with stroke were significantly lower 
compared to similar indexes in the control group in contrast 
to men with stroke who had only significant lower only distal 
radius and total body BMDs in comparison with the control 
group confirming sex differences in bone loss in stroke pa-
tients and coinciding with the results of other authors [7,9].

Furthermore, the assessment of peripheral body BMD 
indexes in men with stroke has shown that parameters of 
upper extremity and particularly in radius were significantly 
lower than similar indexes in the control group. In addition, 
males with stroke had significantly lower parameters of 
trunk, total hip BMD and total body BMDs compared to 
control indexes without any significant differences in lower 
extremities BMDs. In contrast, stroke women had lower 
BMD indexes in trunk and upper / lower extremities in 
comparison with control parameters.

According to the existing literature data, more pro-
nounced process of bone loss in patients with stroke is 
present on the paretic side [10]. In stroke patients, BMD 
rapidly decreased in the paretic upper limb, whereas in 
the nonparetic one could be increased due to more widely 
habitual use of it. In addition, BMD of the paretic lower 
limb could be decreased up to 10 % within 1 year while a 
relatively smaller decrease was typical for the nonparetic 
lower limb [10].

Analysis of BMD parameters depending on paretic 
and non-paretic body side in our patients with stroke has 
revealed more substantial differences in men compared 
to women after stroke. Almost all measured BMD indexes 
were significantly lower on the paretic side compared to 
BMD parameters on the non-paretic side of body, except 
distal radius and total lower extremities BMD. In contrast, 
in women with stroke, only femoral neck and total femur 
BMD indexes were significantly lower than similar ones in 
the control group.

Additionally, we have confirmed more pronounced 
bone loss in the upper extremities compared to the lower 
ones in men (11.7 % and 4.0 % in paretic side, respec-
tively), which is consistent with the results of other authors 
without any differences in the rate of bone loss depending 
on upper/lower limbs in women that require further longi-
tudinal studies to assess gender features of osteoporosis 
development.

According to some literature data, the length of the post-
stroke period is another important factor for bone loss [1,7]. 
Bone loss starts immediately following brain injury and 
progressively increases during 3–4 months. Then bone 
loss progresses slowly until the end of the first year after 
stroke. After that, the  rate of bone loss decreases and 
reaches some stable condition of permanent bone loss with 
subsequent high risk of fractures.

Furthermore, our research has demonstrated that most 
BMD indexes were decreased in females with post-stroke 
period duration of 1 year and more (L1–L4, femoral neck, 
total femur, total body and upper/lower extremities and 
trunk) in contrast to the data in men who did not show any 
significant differences in BMD indexes, except the upper 
extremities BMDs, which were significantly lower compared 
to the control group.

Fragility fractures are the dangerous complication of 
systemic osteoporosis. The risk of osteoporotic fracture in-
creases with post-stroke duration, age of patients (old age), 
female sex, stroke severity, a positive history of previous 
fractures or falls, preexisting osteoporosis and concomitant 
diseases (rheumatoid arthritis, hyperparathyroidism, etc.) 
[11,13,19]. Despite the prevalent bone loss in the upper 
extremities in patients with stroke, literature review has 
demonstrated that hip fracture is the most common osteo-
porotic fracture [12,13,19].

The retrospective analysis of Swedish register [13] 
that analyzed the data of patients from 1987 to 1996 years  
(273 000 individuals were hospitalized with stroke) showed 
that the risks of low-trauma fractures were higher in women 
than in men. This risk decreased with the age of the patient 
and time since stroke; however it was always higher than 
age- and sex-matched controls, except for patients over 
the age of 80 years. The relative risk of any osteoporotic 
fracture requiring hospitalization immediately with stroke 
was 3.72 in women aged 50 to 54 years, and the risk for 
hip fracture was 11.75.

Analysis of Ontario Stroke Registry (23751 patients 
were hospitalized with stroke in 2003–2012) [13] also 
showed that 2-years risk for any low-trauma fracture was 
lower (HR = 1.32, 95 % CI 1.19–1.46), than for hip fracture 
(HR = 1.57, 95 % CI 1.35–1.83). In addition, females had 
greater risk of low-trauma fracture than males (HR = 1.72, 
95 % CI 1.53–1.94).

Given the wide range of osteoporotic fracture incidence 
in patients with stroke (from 7 per 1000 person-years in 
Dennis’ et al. study [20] to 32 per 1000 person-years in 
Andersson’ et al. study [19], it is essential to analyze rate of 
low-energy osteoporotic fractures in the Ukrainian cohort.

Our study has found out that that frequency of oste-
oporotic fractures in the Ukrainian population was higher 
in women with stroke compared to patients of the control 
group (P  <  0.05) without significant difference in men. 
Furthermore, the frequency of low-energy fractures was 
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significantly lower in males compared to similar parameters 
in females with stroke. Fragility fractures were revealed 
in 20.0 % of patients with stroke (37.5 % of all the women 
and 10 % of all the men). Hip fracture was about 36.4 % 
of all fractures in women. Among females, 18.2 % of all 
fractures were vertebral fractures and 45.4 % – distal ra-
dius fractures. These fractures are the main osteoporotic 
complications which have great negative consequences 
on the quality of life and average mortality even in patients 
without stroke.

The limitations of our study are cross-sectional design 
and sample size that did not allow determining the effect 
of some other stroke-related parameters on bone tissue 
state. Further large-scale longitudinal studies in men and 
women are required to find the association between the rate 
of bone loss, frequency of osteoporotic fractures to better 
define the bone-preserving strategy for patients with stroke.

Conclusions
1. The parameters of BMD in the lumbar spine, femoral 

neck, total hip, radius and total body in stroke women are 
significantly lower compared to similar indexes in the control 
group in contrast to stroke men who only have significantly 
lower parameters of the distal radius and total body BMDs 
in comparison with the control group.

2. The stroke males have significantly lower parameters 
of the upper extremity and trunk BMDs compared to indexes 
in the control group without any significant differences in 
the  lower extremities BMDs in contrast to stroke women 
who have lower BMD indexes in the trunk and upper/lo
wer extremities in comparison with these parameters in 
the control group.

3. Almost all measured BMD indexes are significantly 
lower on the paretic side compared to BMD parameters on 
the non-paretic side of body, except the distal radius and 
total lower extremities BMDs in stroke men, in contrast to 
women who only demonstrate significantly lower parame-
ters of the femoral neck and total femur BMDs compared 
to the control group.

4. Most of the BMD indexes were decreased in females 
with post-stroke duration of 1 year and more in contrast to 
the data in men who did not show any significant differen
ces in the BMD indexes, except significantly lower upper 
extremities BMDs.

5. The frequency of fragility fractures in stroke patients 
is 21.4 % (31.8 % in women and 10 % in men, P < 0.05); it 
is higher only in women compared to patients of the control 
group without any differences in males.

Prospects for further research. Further cross-sec-
tional and longitudinal researches devoted to the study 
of sex-specific bone loss and other risk factors of fragility 
fractures will allow developing more sophisticated indivi
dual approaches to the rehabilitation of stroke patients with 
concomitant disturbances of bone mineral state.
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