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Qrsemr

Background: Bone loss after stroke escalates the risk of fractures, mainly in the hip, lead-
ing to further disability in individuals with stroke. We aimed to investigate the skeletal
effect of bone mineral density (BMD) based on the duration of onset of stroke, compare
the BMD of the paretic and non-paretic sides, and elucidate the relationship between
BMD and disability variables. Methods: The 31 male hemiplegic stroke patients between
20 and 70 years of age with cerebral infarction or hemorrhage were considered in this
study. Subacute and chronic cases included 13 and 18 patients with lag time from the
onset of 1 to 6 months and beyond 6 months, respectively. BMD in the lumbar, paretic,
and non-paretic hip as well as the disability variables were analyzed retrospectively. Re-
sults: The subacute group showed a significant reduction in the femoral neck BMD on
the paretic side compared to that on the non-paretic side based on T-scores (P=0.013).
Bone loss was significantly correlated with lower limb muscle strength and overall physi-
cal impairment (P<0.05). The chronic group demonstrated significant reduction in fe-
mur neck and total femur BMD on the paretic side compared to that on the non-paretic
side based on T-scores (P=0.002 and P<0.001, respectively). T-scores of BMD in the
chronic phase were not significantly associated with the clinical parameters. Conclu-
sions: Early screening of bilateral hip BMD in the early stages after stroke, monitoring,
and timely implementation of prevention strategies are important to minimize subse-
quent bone loss and prevent possible complications in patients who experience stroke.

Key Words: Bone density - Immobilization - Osteoporosis - Rehabilitation - Stroke

INTRODUCTION

Stroke is a leading cause of long-term disability among adults, and can result in
survival with permanent functional limitations, including muscle weakness, poor
balance, and frequent falls.[1] These impairments can lead to reduced activity and
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sedentary lifestyles, with further reduction in bone mineral
density (BMD) but also alterations in bone geometric prop-
erties on the hemi-paretic side after stroke.[2] Unfavorable
changes in both BMD and bone geometry, as well as mo-
tor, sensory and visual/perceptual deficits that predispose
patients to falls have contributed to an exaggerated risk of
skeletal fragility and incidence of fractures, mainly of the
hip, leading to further disability and reduced survival in in-
dividuals with stroke.[3-5] The risk of a hip-joint fracture in
stroke patient is 2 to 4 times higher than that of normal
adults.[6] Within 12 months of stroke, human adult frac-
ture risk is increased up to 7-fold that of age matched con-
trols.[4]

Despite these serious sequelae of stroke, the exact mech-
anism of reduced BMD after stroke has not been clarified.
Because stroke is a well-defined event and all genetic and
most environmental factors are controlled for when the
paretic and non-paretic extremities in each subject are com-
pared, previous studies found that hemiplegia-induced bone
loss is associated with paresis, reduced mobility and bone
load reduction.[7-10] Endocrine factors, nutritional factors,
and pharmacological factors are other known physiopa-
thology of post-stroke osteoporosis.[11,12] Further, time
since menopause in women demonstrated major associa-
tion.[3,13] One limitation, however, is that possible influ-
ences on BMD reduction from neural damage, were over-
looked. Only limited information is available from stroke
and non-stroke animal models which demonstrated the
effects of brain and central nervous system regulation on
bone turnover, suggesting that stroke induced neural dam-
age may directly increase bone loss regardless of level of
physical activity.[14-18]

The majority of the clinical studies that examined the
bone properties in stroke patients included both sexes. Pre-
vious studies confirmed that the postmenopausal period is
the strongest factor affecting the decrease of the BMD, how-
ever. To establish the optimal prevention and rehabilitation
program for stroke survivors, it is important to understand
the complex mechanism of neural damage on the bone
loss and assess the risks. This present study aimed to inves-
tigate the skeletal effect of BMD due to onset duration of
stroke, to compare the BMD of the paretic and non-paretic
sides, and to relate BMD to disability variables. The primary
hypothesis was that stroke would lead to a reduction in
BMD in the paretic limbs particularly in the first few months
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after stroke onset and there would be a strong relationship
between functional impairment and bone density.

Unlike women, men do not have a midlife abrupt loss of
gonadal sex steroid hormone production.[19] As a result,
in their middle years, they do not experience a period of
accelerated bone turnover characteristic of early postmeno-
pausal women, unless a disorder such as hypogonadism or
a therapeutic castration for prostate cancer intervenes, hence,
more direct correlation between the stroke and osteoporo-
sis might be observed.[20] Therefore, to eliminate postmeno-
pausal osteoporosis and influence of senile osteoporosis,
we included only male stroke patients below 70-year-old.

METHODS

1. Study design and participants

The study was a retrospective, cross-sectional study of
subacute and chronic male patients after stroke who were
admitted to a comprehensive rehabilitation hospital in the
Republic of Korea over a 4-year period from May 2016 to
April 2020. The first stroke male patients with unilateral
motor deficits aged from 20 to 70 years were included to
eliminate postmenopausal as well as senile osteoporosis.
Patients younger than 20 years or older than 70 years,
acute patients who had a stroke less than 1 month previ-
ously, previous strokes affecting the sensorimotor system,
terminal illness, presence of osteosynthetic material in the
femoral neck, a history of hip fracture and unilateral bone
diseases affecting BMD asymmetrically, such as osteosar-
comas and osteomyelitis, patients with bisphosphonate-
related medication history, and secondary osteoporosis
before the stroke were excluded. The first stroke was diag-
nosed through computed tomography or magnetic reso-
nance imaging. The BMD was measured using dual energy
X-ray absorptiometry (DXA) scan (GE lunar advance prodi-
gy; Hologic Inc., Bedford, UK) at L1-L4, femur neck, and to-
tal proximal femur of both paretic and non-paretic lower
limbs. The BMD-test results were analyzed using the T-score
and absolute BMD (g/cm?).

The patients were divided into subacute stroke group (13
patients) and chronic stroke group (18 patients). Based on
the patients’ medical records, the baseline demographic
characteristics including the age and gender, body mass
index (BMI; kg/m?) with weight and height, past history,
medical history, the total serum 25-hydroxy-vitamin D

https://doi.org/10.11005/jbm.2020.27.4.237



JBM

(25[OHID) level, and BMD-test results at admission were
reviewed. As regards clinical parameters, the muscle strength
of lower extremity, spasticity, balance function, ambulato-
ry level, and activity levels of daily living were collected.
Strength was determined via manual muscle testing (MMT)
of bilateral ankle dorsal and plantar flexors, knee flexors
and extensors, and hip flexors, extensors, adductors, and
abductors, based on MMT scores ranging from 0 to 80.[21]
Spasticity was assessed using the most severe values of
modified Ashworth scale scores of ankle plantar flexors,
knee flexors and extensors, and hip flexors, extensors, and
adductors. Balance function was evaluated with the Berg
Balance Scale (BBS). BBS was used for the comprehensive
evaluation of patients’ sitting balance, standing balance,
and walking ability. BBS includes 14 common tasks of abil-
ity to maintain position or movements of increasing diffi-
culty by decreasing the base of support from seated to
standing and single-limb support. The Functional Ambula-
tory Category (FAC) scores were utilized as outcome mea-
sures of gait functional status. The overall physical function
was assessed by the total scores of the Korean version of
modified Barthel Index (K-MBI).

This study was approved by the Institutional Review Board
of the National Traffic Injury Rehabilitation Hospital (No.
NTRH-20001). It was conducted in accordance with the Dec-
laration of Helsinki.

2. Sample size and statistical analysis

A priori sample size calculation for primary outcome was
performed by adopting a previously published mean and
standard deviation of decrease in BMD following stroke.
[22] The minimum sample size for a error 0.05, power 0.95,
and effect size 0.74 was calculated. Employing these in-
puts, 27 total patients would be necessary. Consequently,
our power analysis demonstrated a power of 98%.

The Mann-Whitney U test was used to compare the T-
scores and the absolute BMD data between the subacute
and chronic stroke groups. The Wilcoxon signed rank test
was used to compare the T-scores and the absolute BMD
data between paretic and non-paretic hips in each group.
Demographic and clinical variables, in particular incidence
of osteoporosis and comorbidities, were compared between
the groups using * tests. The Spearman’s rho correlations
were used to investigate the presence of any correlations
between the BMD-test results and other clinical parameters.

https://doi.org/10.11005/jbm.2020.27.4.237

Hip Bone Density in Male Hemiplegic Stroke Patients [

For all tests a level of significance of P less than 0.05 was
used. The statistical analysis was performed using SPSS ver-
sion 25.0 (SPSS Inc,, Chicago, IL, USA), and power analysis
was performed with G*Power 3.1 for Windows systems.[23]

RESULTS

1. Baseline clinical characteristics
The baseline demographic data and clinical information

Table 1. Baseline demographics and clinical parameters of male pa-
tients with subacute and chronic stroke

Characteristics Subacute (n=13)  Chronic (n=18)  P-value

Age (yr) 55 (47-61) 57(38.75-61.25)  0.679
BMI (kg/m?) 23.26(21.93-27.11) 23.43(23.43-25.05)  0.953
Hemiplegia (right) 8(61.5) 12 (66.7) 0.828
Diagnosis (infarction) 5(38.5) 8 (44.4) 0.798
Duration (month) 1.83(1.13-2.9) 10.3(7.55-15.16)  <0.001?
Total MMT 56 (53.5-61.5)  60.5(57-64) 0.125
MAS 0(0-1) 1(0-1) 0.133
BBS 34 (2.5-41) 41 (31.5-50) 0.045°
FAC 1(0-2) 3(2-4) 0.001°
K-MBI 42 (34.5-65.5) 69(59.5-89.25)  0.004°
Osteoporosis® 0(0.0) 8(44.4) 0.010%

Total serum 25(0H)D  12.7 (7.2-15.8)
Comorbidities”

21.5(14.1-28.7) 0.020°

HTN 8(61.5) 7(38.9) 0.285
DM 7(53.8) 2(11.7) 0.017%
CAD 0(0.0) 4(22.2) 0.120
AF 0(0.0) 2(11.1) 0.497
Medication®
PPI 7(53.8) 6(33.3) 0.460
Gabapentin 2(15.4) 4(22.2) 0.672
AED 2(15.4) 5(27.8) 0.581
SSRI/SNRI 3(23.1) 9(50.0) 0.141
NSAID 5(38.5) 8 (44.4) 0.721
Warfarin 0(0.0) 1(5.6) 1.000
Benzodiazepine 0(0.0) 1(5.6) 1.000
Vitamin D 0(0.0) 2(11.7) 0.492

The data is presented as median (interquartile range) or number (%).
3p<0.05. Y"Comparisons were made with chi-square analyses. “Pheno-
barbital, phenytoin, topiramate, clonazepam.

BMI, body mass index; MMT, manual muscle testing; MAS, Modified
Ashworth Scale; BBS, Berg Balance Scale; FAC, Functional Ambulatory
Category; K-MBI, Korean version of modified Barthel Index; 25(0OH)D,
25-hydroxy-vitamin D; HTN, hypertension; DM, diabetes mellitus; CAD,
coronary artery disease; AF, atrial fibrillation; PPI, proton pump inhibitor;
AED, anti-epileptic drug; SSRI, selective serotonin reuptake inhibitor;
SNRI, serotonin-norepinephrine reuptake inhibitors; NSAID, nonsteroi-
dal anti-inflammatory drug.
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are presented in Table 1. There were no significant differ-
ences in age, BMI, subclassification of stroke, proportion of
right-sided weakness, muscle strength, spasticity, and medi-
cation history. In terms of comorbidities, diabetes mellitus
(DM) was significantly higher in the subacute group com-
pared with the chronic group (P=0.017). There was no dif-
ference between the groups for other comorbidities. The
chronic stroke groups demonstrated significantly advanced
balance and ambulatory ability and activities of daily living
(P=0.045, P=0.001, and P=0.004, respectively). The medi-
an FAC of subacute group was 1 and chronic group was 3.
Namely, the subacute stroke patients were wheelchair-
bound in most of the time, and needed firm continuous
support from 1 person who helps carrying weight and with
balance during rehabilitative training whereas the chronic
stroke patients required verbal supervision or stand-by
help from one person without physical contact. The medi-
an K-MBI score of subacute group was 42, namely, severely

JBM

dependent during activities of daily living and chronic group
was 69, or moderately dependent. Granger et al. [24] sug-
gested 60/100 as the cut-off between marked dependence
and higher levels of independence. Although the chronic
group demonstrated significantly better balance and am-
bulatory function and higher level of total serum 25(0OH)D
compared with the subacute group, point prevalence of
osteoporosis was significantly higher in the chronic phase
after the stroke.

2. Bone density difference between paretic and
non-paretic femur in subacute and chronic
stroke groups

As shown in Table 2, in the subacute phase after stroke,
significant reduction in the femur neck BMD on the paretic
side compared to the nonparetic side was observed (P=0.013).

The T-score values of the paretic femur neck and non-pa-

retic femur neck were —0.90 (-1.70 to -0.55) and —0.70 (-1.30

Table 2. Comparison of T-scores and absolute BMD between the affected and unaffected limbs in subacute and chronic groups

Femur neck Total proximal femur
Group Outcome measures - : P-value : - P-value
Paretic Non-paretic Paretic Non-paretic
Subacute T-scores -0.90(-1.70,-0.55)  -0.70(-1.30, -0.40) 0.013° -0.40(-1.05,0.05) ~ -0.40(-1.15,0.10) 0.788
Absolute BMD (g/cm?)  0.98(0.85, 1.01) 0.96(0.89, 1.02) 0.173 1.06(0.93, 1.10) 1.04(0.95, 1.10) 0.133
Chronic  T-scores -1.90(-2.83,-1.10)  -1.80(-2.50, -0.68) 0.002°! -160(-2.78,-0.60)  -1.15(-2.2,-0.35)  <0.001°
Absolute BMD (g/cm?)  0.83(0.73, 0.97) 0.86(0.79, 0.93) 0.034° 0.88(0.77,1.01) 0.96 (0.88, 1.04) 0.001

?p<0.05. "P<0.01.
BMD, bone mineral density.
Table 3. Comparison of T-scores in the lumbar spine, affected, and unaffected limbs between 2 groups

) T-score Absolute BMD (g/cm?)
Site : P-value : P-value

Subacute group Chronic group Subacute group Chronic group

L1-2 -0.20(-1.40, 0.45) -1.30(-2.52,-0.48) 0.062 1.19(1.04, 1.26) 1.07(0.90, 1.16) 0.089
L1-3 -0.10(-1.15, 0.70) -1.05(-2.38, 0.00) 0.082 1.21(1.08, 1.31) 1.10(0.93, 1.22) 0.125
L1-4 0.10(-0.95, 0.80) -0.80(-2.08,0.10) 0.089 1.25(1.11,1.34) 1.19(0.98, 1.25) 0.183
12-3 -0.20(-1.00, 0.90) -1.20(-2.48, 0.03) 0.068 1.23(1.13, 1.36) 1.16 (0.95, 1.26) 0.125
L2-4 0.20(-0.70, 1.05) -0.70(-2.03, 0.38) 0.097 1.28(1.17,1.39) 1.23(1.00, 1.31) 0.183
13-4 0.30 (-0.55, 1.25) -0.50(-2.03, 1.13) 0.146 1.29(1.19, 1.41) 1.26 (1.03, 1.40) 0.226
Femur neck

Paretic -0.90(-1.70, -0.55) -1.90(-2.83,-1.10) 0.038° 0.98(0.85, 1.01) 0.83(0.73,0.97) 0.089

Non-paretic -0.70(-1.30, -0.40) -1.80(-2.50, -0.68) 0.025° 0.96 (0.89, 1.02) 0.86 (0.79, 0.93) 0.056
Total proximal femur

Paretic -0.40 (-1.05, 0.05) -1.60 (-2.78, -0.60) 0.005" 1.06 (0.93, 1.10) 0.88(0.77,1.01) 0.010°

Non-paretic -0.40(-1.15, 0.10) -1.15(-2.2, -0.35) 0.115 1.04(0.95, 1.10) 0.96 (0.88, 1.04) 0.135

?P<0.05. "P<0.01.

BMD, bone mineral density.
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subsequent immobility predispose patients to bone loss,
resulting in a rapid reduction in BMD in the hemiplegic
hip.[2,7] Bone loss starts in the days immediately following
vascular brain injury and progressively accumulates until
the 3rd to 4th month after stroke.[26] Bone loss then pro-
gresses at lower speed almost until the end of the first year
after stroke.[11,27]

The exact physiopathology of immobilization-induced
osteopenia is not clearly understood, however. Previous
studies reported the correlation between serum calcium
measurements and the Barthel Index and implied that the
increased calcemia resulted from bone resorption during
immobilization.[12] Other relationships have been report-
ed between degree of paresis, reduced mobility and osteo-
porosis.[7-10] Nevertheless, these previous investigations
mainly analyzed upper limb BMD, whereas studies on the
lower limb BMD is lacking. Worthen et al. [28] reported the
walking correlates with bone density in chronic ambulato-
ry stroke patient. Patients who could walk more and who
had a higher vertical ground reaction force maintained a
higher BMD.

In this study, the K-MBI score and FAC of the subacute
group were 42 and 1, respectively, which indicated that
subjects were wheel-chair bound in most of the time, se-
verely dependent in all aspects of daily living, and required
maximal assist during gait training. On the other hand, the
chronic group scored higher physical performance and
walking ability compared to the subacute group. Although
stroke survivors regained walking ability in the chronic
phase, profound loss of BMD in the paretic hip persisted.
Further, the chronic group did not demonstrate previously
reported correlates of immobility, degree of paresis and
bone loss.

It is worth mentioning that Jergensen and Jacobsen [29]
investigated changes in lean muscle mass and bone min-
eral content (BMC) of the legs during the first year after
stroke according to the patient’s ambulatory level. Lean
body mass was lost rapidly and regained quickly, whereas
BMC loss continued, especially on the paretic side.

We found that in the subacute phase after stroke, the
weaker the muscle strength of lower limbs, the more the
bone loss in the hemiplegic femur. This may suggest that
early post-stroke BMD is related to the muscle-bone link.
[2] Muscle contractions provide a rich source of mechani-
cal loading to bone, which may, in turn, induce bone adap-
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tations. Functional changes in muscle characteristics such
as the muscle weakness may have crucial influence on hemi-
plegic bone tissue. Further, in the subacute phase after
stroke, the more severe the disability during the activities
of daily living, the lesser the T-scores in both hemiplegic
and non-hemiplegic femurs. It may indicate that the stroke
induced imbalance between bone formation and degrada-
tion may directly increase bone loss in both paretic and
non-paretic limbs regardless of unilateral motor deficit or
local immobilization. Previous studies concerning the rela-
tionship between bone turnover and bone density in stroke
patients demonstrated that biochemical markers of bone
formation were reduced (when compared to controls) in
the early phase of stroke recovery and throughout the first
year in addition to a marked early increase in resorption
markers.[11,30-32]

In this study, the chronic stroke survivors demonstrated
profound loss of BMD in the paretic femur neck and fur-
ther, in the total proximal femur compared to the non-pa-
retic side. They did not show any significant correlations
between reduced BMD and clinical parameters. Lack of as-
sociation between level of physical impairment and bone
loss in the chronic phase may indicate the skeletal effects
of neural damage after stroke.

Recent studies reported the concept that the central ner-
vous system may control bone formation and regulation of
bone mass. Ducy and co-workers [33] elucidated the in-
hibitory effect of leptin on bone formation. Takeda et al.
[34] examined the low bone mass phenotype in dopamine
transporter deficient mice and tested the possible involve-
ment of the sympathetic nervous system (SNS), which is
known to be activated by leptin signaling. Bone formation
and bone mass decreased after treatment with the b-ad-
renergic agonist isoproterenol and increased with propran-
olol, a b-adrenergic antagonist. These responses were re-
sistant to leptin infusion, leading to the conclusion that
SNS is the downstream mediator of leptin’s central control
of bone formation.[34,35] Previous studies have shown
sympathetic outflow is elevated after stroke in proportion
to stroke size, resulting in increased epinephrine and nor-
epinephrine in the blood and cerebrospinal fluid of stroke
patients.[36-38] Central control was also supported by in-
creased bone synthesis and bone mass following inactiva-
tion of the Y2 neuropeptide Y receptor in brain.[39]

The strength of the study was that postmenopausal os-

https://e-jbm.org/ 243



| HooYoung Lee, et al.

teoporosis as well as senile osteoporosis were eliminated.
Thus, more direct correlation between the stroke and os-
teoporosis might be investigated. Moreover, we restricted
subjects to male gender in regard to higher mortality after
fractures in men, not least after a hip fracture, as well as
standardized mortality in men being higher than in wom-
en who are treated for osteoporosis.[40] After 5 years, the
mortality rates were 48.2% in men treated for osteoporosis
and 24.6% in controls and 28.3% in women with osteopo-
rosis and 31.9% in controls. The mortality rate at 10 years
was 69.7% in men (45.4% in controls) and 50.2% in wom-
en (50.8% in controls).[40] Further, the investigation on
BMD and clinical manifestations was focused on hip, of
which the fracture is the most serious and disabling. The
novelty of the methodology and the study results show
that pathophysiology of post-stroke osteoporosis differs
from other forms of the disease and is more evident within
the paretic side. The results imply that strategies for pres-
ervation of bone mass in non-stroke populations are not
automatically directly transferrable to stroke survivors. Pre-
vention strategies for hemiosteoporosis should include ex-
ercises, early stand-up, and active rehabilitation along with
pharmacological treatment. Furthermore, we elucidated
the correlations of a wide range of clinical variables with
the BMD in femur neck and proximal total femur on both
paretic and non-paretic sides.

There are several limitations of this study that need to be
addressed. The first limitation is the relatively small sample
size compared to other osteoporosis studies. While the
sample population in this study is limited, this sample size
provides the required statistical power to address the pri-
mary aims of this study. Our results should be interpreted
cautiously because the study was a retrospective study
conducted in a single center. Therefore, similar to all retro-
spective analyses, selection bias could be present. Further,
it is a cross-sectional study. Longitudinal studies are funda-
mental to understand changes in BMD and bone mass mod-
ifications after stroke. Unfortunately, few studies with a fol-
low-up longer than 12 months are available.[7,41,42] Lon-
gitudinal studies regarding a long-term course of bone loss
with larger sample sizes will be needed. In terms of comor-
bidities, DM was significantly higher in the subacute group
than the chronic group. DM has been found to be associat-
ed with metabolic bone diseases, osteoporosis and low-
impact fractures, hence, the effect of DM to the reduction
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of BMD due to onset duration of stroke needs to be veri-
fied through further studies.[43] Moreover, BMD in post-
stroke patients may be affected by other factors not mea-
sured in our study, including nutritional status other than
vitamin D status and exposure to sunlight.

Hip fracture after stroke is an increasingly recognized
problem and is associated with poorer outcomes. Guide-
lines for osteoporosis diagnosis and management do not
include post-stroke osteoporosis, however. Prevention and
rehabilitation strategies of post-stroke osteoporosis should
be applied early and during the rehabilitation and post-re-
habilitation phases based on the comprehensive under-
standing of complex mechanism of post-stroke bone me-
tabolism and risk assessment.
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