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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: | — subjects without any di-
seases influencing the bone state and Il - 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.

MiHepaAbHa LWiAbHICTb KICTKOBOi TKAHWHU W HU3bKOEHEePreTUUHi nepenomu
B Nauji€HTIB NicAA iIHCYAbTY

B. B. lMoBopo3Htok, M. A. buctpuupka, H. B. lpurop’eBa

MeTa po60TH — BUB4MTH NOKa3HWKW MiHEPANbHOI LLiMbHOCTI KiCTKOBOI TKaHUHM (MLLIKT) i 4yacTOTW HU3bKOEHEPreTUYHIX Nepenomis
Y YOMOBIKIB i IHOK i3 NepEeHECEHNM iLLEMIYHUM iHCYNETOM 3anexHO Bif GOKY ypaxeHHs, TPUBAnocTi NiCSIHCYNLTHOTO Nepiogy.

Marepianu Ta metoaun. O6¢ctexunmu 140 nauientis Bikom 50-80 pokiB, skUX MOAINMAM Ha 2 rpynu: | — ocobu 6e3 byab-skux
3aXBOPIOBaHb, LU0 BMNWBAOTb Ha CTaH KICTKOBOI TkaHWHMK, || rpyna — XBopi Nicis NepeHeceHoro ilemivyHoro iHeynsTy. MokasHuku
MLLUKT BumiptoBanu 3a 4OMOMOrOK MeTOZY ABOXEHEPreTUYHOI PEHTTEHIBCHKOI abcopbLiomeTpi.

PesynikraTi. Y YonoBsikiB i3 nepeHeceHnM iHCYnsToM BUSIBIANW BIPOTiAHO HIbkYi nokasHukv MLLIKT ycboro ckeneta, BEpXHiX KiHLIBOK,
Tyny6a nopiBHSIHO 3 NOKa3HWUKaMM KOHTPOMbBHOT rpynu 6e3 3HauyLwmx BiamiHHocTel napameTpis MLLKT HKHIX KIHLBOK; XiHKM 3
iHCYnLTOM Manm BiporigHo Hybkyi nokaaHuku MLUKT yeboro ckeneta, Tyny6a 11 BepXHiX/HWKHIX KIHLIBOK MOPIBHSIHO 3 MOKa3HUKaMu
KOHTPOMbLHOI rpynu. Y 4omoBikiB 3 iHCyNbTOM GinbLuicTb nokasHukis MLLKT i3 napetuaHoro 60Ky Gyn BiporigHO HKYMMI NOPIBHSAHO
3 BiANOBIgHMMY 3 HEMaPETUYHOTO, KpiM nokasHuka MLLIKT npomeHeBoi KicTku Ta 3aranbHoro nokasHuka MLLKT HimkHix KiHLIBOK; y
XIHOK BU3Ha4MnM BiporigHo Hkyi napameTpy MLLKT cTerHoBoi KicTku Ta ii LUMAKM MOPIBHAHO 3 MOKa3HNKaMK KOHTPOMbBHOI rpynu.
BinbLuicTb nokasHukie MLLKT 3meHLLyBanmcs 3 TpUBanicTio NiCNSIHCYNBTHOMO nepioay noHag 1 pik y XiHOK, Ha BiAMIHY Bif, Takux
[aHNX y HOrOBIKIB, B SIKUX BiPOTiAHO HYXK4MM OyB Tinbkm nokasHuk MLLKT BepxHix KiHLiBOK. H3bKOEHEPreTUYHI NepenomMi BUSIBUNK
y 21,4 % xBopux nicns iHcynety (31,8 % xiHok i 10,0 % YonoBikiB), Npu LibOMY iXHsi YacToTa 6yna BipOrifHO BULLIOKO TiMbKY B JKIHOK
MOPIBHSIHO 3 0C06aMU KOHTPOIBHOI TPyMK.

BucHoBku. Y XBOpUX, siki nepeHecny iHcynsT, nokadHukv MLLUKT BiporigHO Hykui, @ YacToTa HU3bKOEHEPTETUYHNX NEPENOMIB
€ BULLOKO 3 NEBHUMM BiMIHHOCTSIMM 3a CTaTTHO, LU0 MatloTb ByTW BpaxoBaHi Nig Yac OuiHIOBaHHS Ta po3pobneHHs peabinita-
LIiNHMX Nporpam y XBOpKX CTapLUmUX BiKOBUX rpym.

MMHepal\bHaH NAOTHOCTb KOCTHOM TKaHH U HU3KO3HepreTuyeckue neperombl
Yy NauueHToB NOCAe UHCYAbTA

B. B. lMoBopo3Htok, M. A. BeicTpuukas, H. B. puropbeBa

Lienb paboTbl — N3y4nTb NOKa3aTeny MUHepPanbHOM NNOTHOCTY KOCTHOM TkaHu (MIKT) n 4acToTbl HU3KOSHEPreTUYECKUX Nepe-
TIOMOB Y MYXUUH U XEHLLUUH C NEPEHECEHHBIM MLLEMUYECKUM WHCYNETOM B 3aBUCUMOCTM OT CTOPOHbI MOPaXKEHWS 11 MPOAOIKN-
TEMbHOCTU MOCMEUHCYNBTHOMO Nepuoza.

Marepuans! n metogbl. Obcnegosanu 140 naumeHTos B BospacTe 50-80 neT, KOTOPbIX pasaenuny Ha 2 rpynnsi: | — nuua 6e3
Kakux-nnbo 3abonesaHuii, BINSIOLLMX HA COCTOSIHIE KOCTHOW TKaHW, || — 60nbHbIe NOCIe NEPEHECEHHOTO ULLEMUYECKOTO MHCYMbTA.
Mokasarenu MIMKT namepsnu ¢ NOMOLLb0 METoAa ABYX3HEPreTM4eckoi peHTreHoBCKo abcopbLumomeTpum.
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Pe3ynkratbl. Y MyX4nH C nepeHeceHHbIM MHCYTETOM YCTaHOBMNEHbI 10CTOBEPHO Bonee Hu3kve nokasateny MIKT Bcero ckeneTa,
BEPXHMX KOHEYHOCTEN W TyNOBMLLA MO CPABHEHWIO C NOKa3aTeNsMI1 KOHTPOIBHOW rpynnbl 663 3Ha4YUMbIX pasnnyuii napameTpos
MIKT HUKHNX KOHEYHOCTEN; Y XEHLUMH C MHCYNBTOM OTMEYEHbI 4OCTOBEPHO Bonee Hu3kine nokasateny MIKT Bcero ckenera,
TYNOBULLA W BEPXHUX/HWKHNX KOHEYHOCTEN MO CPaBHEHWUIO C MoKa3aTensMM KOHTPOIbHOM rpynmbl. Y MYX4UH C UHCYNLTOM
6onbLumHCTBO nokasateneit MMKT Ha napeTnyeckoii CTOpoHe Bbini JOCTOBEPHO HUXKE NO CPABHEHMIO C COOTBETCTBYHOLLMMM Ha
HenapeTM4eckol CTOpoHe, 3a uckntodeHnem nokasatens MIMKT nyyesoi koctv u obuero nokasarenst MIKT HUKHUX KOHEYHO-
CTeN. Y XeHLUMH yCTaHOBMEHbI JOCTOBEPHO Gonee Huskve napameTpsl MIKT GeapeHHONM KOCTY W e LEKM N0 CPABHEHMIO C
rnokasaTtensmu KOHTPOnbLHOW rpynnbl. BonblwnHeTBO Nokasateneit MIKT ymeHbwanueb npy AnnTenbHOCTU NOCHENHCYIBETHOMO
nepuoga bonee 1 roga y XeHLUWH, B OTAIMYME OT TaKWUX AaHHBIX Y MY>KHUMH, Y KOTOPbIX 4OCTOBEPHO HIbke Obin TOMBKO Nokasatenb
MIMKT BepxHux koHe4YHOCTEN. HuskoaHepreTnieckie nepenomsl otMeyeHsl y 21,4 % 6onbHbIX nocne uHeynsta (31,8 % KEeHLUMH v
10,0 % My>K4mMH), NpK 3TOM UX YacToTa bbina SOCTOBEPHO BbILLIE TOMBKO Y KEHLLWH MO CPABHEHWIO C NULIAMI KOHTPOIBHOW rpynbl.

BbiBoAbl. Y 60MbHbBIX C NepeHeceHHbIM MHCYNbTOM nokasatenu MIMKT 6binv 4OCTOBEPHO HUXKE, @ YacToTa HU3KO3HepreTyh-
YECKMX NEPENTIOMOB BhILLE C HEKOTOPLIMU PA3NMYUSMU B 3aBUCUMOCTH OT N0N1a, KOTOPbIE JOMKHbI ObITb YYTEHBI MPY OLEHKE

1 paspaboTke peabunUTaLMoHHbIX NPOrpamMM y GOMbHLIX CTAPLUKX BO3PACTHLIX Py,

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 Ne 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 | (control) — subjects without any
significant states or diseases influencing bone state and
metabolism (n = 70, 30 males and 40 females) and Group
Il - patients with stroke (n = 70, 30 men and 40 women).

Zaporozhye medical journal. Volume 21. No. 6, November — December 2019

Patients of Group | 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 Il 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 (CT 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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Table 1. Characteristic of patients

Age, years 65.7 £6.0 62.2+53 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+127 783+9.8 83.3+132 75.8 +14.6 0.64 0.32
Body mass index, kg/m? 2715+4.2 299+38 2714+43 294+54 0.92 0.56

Data presented as mean + SD, Group I: control group, Group II: stroke patients, P: differences between the indices in men, P,: differences between the indices in women.

778 ISSN 2306-4145 http://zmj.zsmu.edu.ua

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 x ? 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 (x.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
equalto 11.7 % (0.911 £ 0.149 versus 1.032 + 0.11 4 g/cm?,
t=4.5,P <0.001, respectively), in non-paretic one — 6.7 %
(0.974£0.121 versus 1.045+£0.118 g/lcm?,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/cm?,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
glem?,t=3.4,P<0.001, respectively), 8.8 % (0.783 £ 0.134
versus 0.859 +0.141 g/cm?, t=2.7, P < 0.05, respectively),
11.4 % (1.122 £ 0.182 versus 1.267 + 0.122 g/cm?, t = 4.8,
P < 0.001, respectively) and 10 % (1.130 + 0.152 versus
1.264 £ 0.111 glem?, 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 3¢ and 4
groups were significantly lower compared to similar indexes
of the 2¢ group, whereas BMD parameters in total femur,
total body and lower extremities (Fig. 1B) were significantly
decreased only in females of the 4" group in comparison
with same indexes of the 2¢ 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
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Table 2. Bone mineral density indices in patients depending on stroke presence

L-L,: BMD, glcm? 1.30+£0.11 1.19+0.19 1.25+0.21 1.06 +0.17 0.24 <0.001
L-L,: T-score, SD 0.7+09 01+16 03+18 -1.0+14 0.28 <0.001
L,-L,: Z- score, SD 1.0+£09 12+15 0617 01+12 0.29 <0.001
Femoral neck: BMD, g/cm? 0.99+0.04 0.99+0.10 0.97+0.17 0.85+0.13 0.52 <0.001
Femoral neck: T-score, SD -06+0.3 -0.3+0.7 -08+1.3 -14+09 0.55 <0.001
Femoral neck: Z- score, SD 0404 09+0.7 0212 -0.1£0.7 0.48 <0.001
Distal radius: BMD, g/cm? 0.99 +0.07 0.81+0.12 0.95+0.10 0.72+0.13 <0.05 <0.001
Distal radius: T-score, SD -0.1+£0.8 -08+1.4 -05+£1.0 -19+14 0.09 <0.001
Distal radius: Z- score, SD 0.6+08 06+13 02+1.0 -0.3+1.0 0.06 <0.001
Total body: BMD, g/cm? 1.27 £0.07 1.17 £0.09 122+0.12 1.06+0.11 <0.05 <0.001
Total body: T-score, SD 06108 05+1.1 01+15 -08+1.3 0.09 <0.001
Total body: Z- score, SD 08+1.0 1.2+1.0 0.3+1.3 -0.1+£1.0 0.09 <0.001

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

_____

Femoral neck 0.05+0.07 4.02 <0.001 0.03+0.05 3.84 <0.001
Ward's triangle 0.06+0.13 249 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+0.07 220 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
1.2 16
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< 10 | | 5 13
g ‘ ! 7 12
209 1 g -
g g
§ 08 % 1.0
: 5
Sor 3 09
0.8
0.6
0.7
05 o Mean 06 o Mean
’ 1 2 3 4 [Mean SD 1 2 3 4 [ Mean £ SD
A Duration of post-stroke period, years T Mean+1.96 * SD B Duration of post-stroke period, years T Mean+1.96*SD

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.

(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).

Zaporozhye medical journal. Volume 21. No. 6, November — December 2019

Men and women with stroke and low-energy fractures
did not differ significantly by age (in males and females,
66.9+7.371a64.7 £7.3 years,t=0.54, P >0.05, respective-
ly), duration of post-stroke period (1.89+2.3and 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).
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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 (L-L,, 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 % Cl 1.35-1.83). In addition, females had
greater risk of low-trauma fracture than males (HR = 1.72,
95 % Cl 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. Aimost 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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