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Abstract: We aimed to investigate the correlation between changes in bone mineral density (BMD)
of the lumbar spine (LS) and femoral neck (FN) and osteoporosis-related factors in stroke patients
with osteoporosis or osteopenia, and we suggest the need for active rehabilitation treatment. This
study included 63 osteoporosis and 34 osteopenia patients who underwent a BMD test following
primary stroke onset. The osteoporosis group was followed up with a BMD test after 12 months
of bisphosphonate treatment, and the osteopenia group was followed up without medication. The
correlation between BMD changes and functional factors was analyzed, biochemical markers were
measured, and hematology tests were performed. In the osteoporosis group, a significant increase
was observed in LS BMD (p < 0.05), and in the osteopenia group, there was a significant decrease in FN
BMD (p < 0.05). The group with a functional ambulatory category of 1 or more showed a significant
improvement in BMD (p < 0.05). Comparative analysis was performed on various indicators, but
no significant correlation was found between any variable. In stroke patients with osteoporosis or
osteopenia, early appropriate drug treatment is important to prevent bone loss and reduce the risk of
fractures, and comprehensive rehabilitation treatment, such as appropriate education and training to
prevent falls, is essential.
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1. Introduction

Osteoporosis is a disease in which bone strength declines and the risk of fractures
increases [1]. According to the World Health Organization, a bone mineral density (BMD)
T-score of —2.5 or below is a defining feature of osteoporosis. Stroke patients are known
to have developed osteoporosis for various reasons, such as limited exercise and lack of
nutrients [2]. Bone loss begins immediately after stroke, continues until 34 months after
onset, and progresses at a slower rate until one year after onset [3]. Stroke patients fall
frequently due to paralysis and loss of balance, and as a result, femur fractures are 2-4 times
more common [4,5]. Most fractures after stroke occur in the hemiplegic side of the body
because the BMD in this side decreases by 4.6-14% compared with the unaffected side [6].
Fractures due to osteoporosis in stroke patients are difficult to treat and cause various
complications, which can lead to death in severe cases. Furthermore, fractures prevent
proper rehabilitation treatment, and there are many social and economic burdens, such
as increased distress for patients and their guardians, increased medical costs, extended
hospitalization periods, and the need for long-term rehabilitation treatment [7]. Therefore,
prevention of fractures due to osteoporosis after stroke is crucial for comprehensive and
intensive rehabilitation treatment in early stroke patients. Treatment of osteoporosis in
stroke patients includes various osteoporosis treatment drugs, strength training, weight-
bearing training, gait training, and education for fall prevention [8]. Bisphosphonate, the
most widely used drug for osteoporosis, is also known to be effective in the treatment of
osteoporosis accompanying stroke [9].
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Along with osteoporosis, many stoke patients are also diagnosed with osteopenia.
Osteopenia is defined by a BMD T-score of —1 to —2.5. The presence of osteopenia increases
the likelihood of osteoporosis, which increases the risk of fractures [10]. Nevertheless,
studies on changes in BMD in stroke patients with osteopenia are limited, and there are
very few studies on the appropriate treatment and management of osteopenia. In addition,
there are few studies comparing BMD changes between stroke patients with osteoporosis
and stroke patients with osteopenia.

Thus, we designed a prospective study to compare BMD changes in hemiplegic stroke
patients with osteoporosis treated with bisphosphonates to those in osteopenia patients that
received no drug treatment at a 1-year follow-up visit that assessed the need for active drug
treatment. In addition, by analyzing the correlation between osteoporosis-related factors
and changes in BMD, we recommend comprehensive rehabilitation, including prevention
of fractures, for stroke patients.

2. Materials and Methods
2.1. Subjects

The subjects included patients who were treated for a stroke at the Department
of Rehabilitation Medicine at Wonkwang University Hospital from 2011 to 2019. The
inclusion criteria were: (1) patients diagnosed with primary cerebral infarction or cerebral
hemorrhage; (2) patients diagnosed with osteoporosis or osteopenia according to BMD;
and (3) patients who underwent hematologic examination and functional evaluation. The
exclusion criteria were: (1) patients with brain injury caused by trauma; (2) patients with
comorbidities that could affect BMD, such as a history of spine or femur fracture, or
a metabolic disease that may affect bone metabolism (including liver, renal, or thyroid
disease); and (3) patients taking drugs that affect bone metabolism.

All subjects provided informed consent for inclusion before they participated in the
study. The study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the Institutional Bioethics Committee of Wonkwang University
Hospital (IRB Number: 2018-02-034).

2.2. Methods

We evaluated each patient’s demographic characteristics, stroke type, and duration
of disease. At the start of the study (T0), BMD and hematology tests were conducted in
addition to evaluation of walking ability and functional level of daily activities. At the
end of the study (T1), after a period of 12-14 months, the BMD and hematology tests
were conducted again using the same device. We administered zoledronic acid, a type of
bisphosphonate, to osteoporotic patients with a BMD T-score of —2.5 or below. In addition,
the occurrence of adverse effects, such as bisphosphonate-related osteonecrosis of the
jaw (BRONYJ) [11,12], atypical femoral bone fracture [13], nonspecific conjunctivitis, atrial
fibrillation, and flu-like symptoms (fever, fatigue, and myalgia) [14,15], was evaluated
during the administration period.

2.2.1. BMD Test

BMD was measured in the lumbar spine (LS) and hemiplegic femoral neck (FN) using
dual-energy X-ray absorptiometry (GE Lunar Corporation, Madison, WI, USA). The tests
were performed at 8:00 in the morning before consumption of food or water, and excessive
calcium intake was prohibited before testing so as not to affect the values. The standard
deviation (T-score) and absolute BMD (g/cm?) were obtained from the average bone mass
of young adults, and results from before and after treatment were compared. A T-score of
—1.0 to —2.5 was classified as osteopenia, while a T-score of —2.5 or below was classified
as osteoporosis.
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2.2.2. Biochemical Markers and Hematology Tests

Hematology tests measured the levels of osteocalcin (OC), a bone formation marker;
C-telopeptide of collagen type 1 (CTX), a bone resorption marker; and 1,25-dihydroxyvitamin
D (1,25-(OH)2D), an active form of vitamin D. Samples were collected before meals and
within 2 h of waking up in order to reduce the error of transient changes. A blood vitamin
D concentration of 10 ng/mL or less was defined as deficient, 11-29 ng/mL as insufficient,
and 30 ng/mL or above as sufficient, and the degree of improvement in BMD was evaluated
for each group [16].

2.2.3. Functional Evaluation

The functional ambulatory category (FAC) was used to evaluate the subject’s walking
ability [17], and subjects were then divided into two groups based on their FAC: the FAC
0 group included subjects who were incapable of walking, and the FAC > 1 group included
subjects who required physical assistance when moving. Modified Barthel index (MBI)
was used to measure disability or dependence in activities of daily living (ADL) [18]. The
subjects were divided into two groups: those with an MBI < 32, which included patients
who required full assistance in performing daily activities, and those with an MBI > 32.
A manual muscle test (MMT) was conducted to evaluate the strength of the hip extensor
and knee extensor [19,20]. One group showed MMT grades of F and above for both the
hip and knee extensors, while members of the other group showed an MMT grade of F or
below for either the hip extensor or knee extensor.

2.2.4. Statistical Analysis

Statistical significance was defined as a p-value of <0.05. All statistical analyses were
performed using SPSS ver. 26.0 software package (IBMSPSS, Armonk, NY, USA). A paired
t-test was used to compare absolute BMD and hematologic values within each group at
the beginning and 1-year mark, and an independent ¢-test was used to compare changes
in absolute BMD between groups. Pearson’s correlation analysis was also performed to
determine whether there were correlations between BMD and several indicators, such as
degree of vitamin D deficiency.

3. Results
3.1. Demographic Characteristics

The total number of subjects was 97, with a gender distribution of 9 males and
88 females. The average age was 73.2 £ 9.9 years. There were 63 subjects diagnosed with
osteoporosis and 34 subjects diagnosed with osteopenia. The average period from the onset
of stroke to BMD-decline was 4.5 & 3.7 months. In terms of stroke type, cerebral infarction
had occurred in 73 patients and cerebral hemorrhage in 24 patients. The division of subjects
according to strength and functional level is shown in Table 1, along with the degree of
vitamin deficiency of each group.

Table 1. General characteristics of the subjects.

Osteoporosis Osteopenia
Parameters (0 = 63) (n = 34)

Mean age (year) 73.6 £9.6 725+£94

Duration (month) 43+35 4.7 + 37
Sex Male 5 4
Female 58 30
Infarction 44 29
Type of stroke Hemorrhage 19 5
MMT of hip and knee Below F grade 17 8

F grade and over 46 26
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Table 1. Cont.

Osteoporosis Osteopenia
Parameters (0 = 63) (a = 34)

<32 20 9
MBI (total) 32 43 25
0 15 6
FAC >1 18 28
Normal (>30 ng/mL) 18 8
Vitamin D Insufficiency (11-29 ng/mL) 39 23
Deficiency (<10 ng/mL) 6 3

Abbreviations: MMT, manual muscle test; MBI, modified Barthel index; FAC, functional ambulatory category.
Values are presented as mean value + standard deviation.

3.2. Changes in BMD

As a result of comparing the absolute BMD (g/cm?) before (T0) and after (T1) treatment
with bisphosphonates for 12 months in patients diagnosed with osteoporosis, LS BMD
showed a statistically significant increase from 0.667 + 0.141 to 0.722 £ 0.141( p < 0.05), but
FN BMD showed no statistically significant change (T0: 0.524 £ 0.073; T1: 0.526 £ 0.081;
p >0.05). In patients diagnosed with osteopenia, there was no statistically significant
difference in LS BMD after 12 months (T0: 0.855 =+ 0.053; T1: 0.865 4 0.061; p > 0.05), but
FN BMD showed a statistically significant decrease from 0.674 £ 0.091 to 0.615 % 0.057
(p < 0.05) (Table 2).

Table 2. Comparison of changes in absolute BMD after 12 months in each group.

BMD Measures Osteoporosis
2 p-Value
(g/cm”) TO T1
LS 0.667 + 0.141 0.722 + 0.141 0.01*
FN 0.524 + 0.073 0.526 + 0.081 0.74
BMD Measures Osteopenia
2 p-Value
(g/cm?) TO T1
LS 0.855 + 0.053 0.865 + 0.061 0.09
FN 0.674 + 0.091 0.615 + 0.057 0.01*

Abbreviations: LS, lumbar spine; FN, femoral neck. Values are presented as mean value (standard deviation),
* p < 0.05 was analyzed by paired t-test.

3.3. Correlation between Functional Evaluation and Changes in BMD

When comparing the FAC 0 and the FAC > 1 in the total group, the changes in the
absolute BMD of the LS were —0.004 & 0.114 and 0.046 & 0.069, respectively, and the
changes in the BMD of the FN were —0.065 £ 0.045 and —0.024 & 0.056, respectively,
showing a statistically significant improvement in the FAC > 1 group (p < 0.05). Even when
comparing the osteoporosis and osteopenia groups, there was no statistically significant
difference, while the FAC > 1 group showed more improvement in BMD in the LS and FN
(Figure 1). There was no statistically significant difference in the correlation between the
change in BMD with MMT or MBI (Figure 2).
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Figure 1. Changes in absolute BMD according to FAC: (A) total group; (B) osteoporosis group;
(C) osteopenia group. Abbreviations: LS, lumbar spine; FN, femoral neck; FAC, functional ambulatory
category; * p < 0.05 was analyzed by independent ¢-test.

Total group
A MMT below F grade
B MMT F grade and over
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Figure 2. Changes in absolute BMD according to MMT and MBI: (A) comparison according to MMT;
(B) comparison according to MBI Abbreviations: LS, lumbar spine; FN, femoral neck; MMT, manual
muscle test; MBI, modified barthel index.

3.4. Correlation between BMD and Clinical Variables in Stroke Patients

Comparative analysis was performed on each groups’ degree of vitamin D deficiency
and BMD level, but there was no statistically significant correlation between each variable
(Table 3).
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Table 3. Correlation between BMD and clinical parameters.

LS (g/cm?) FN (g/cm?)
r p-Value T p-Value
MMT of hip and 0.05 0.72 0.11 0.49
knee
FAC 0.09 0.44 0.05 0.62
MBI 0.1 0.38 0.06 0.53
ocC —0.16 0.32 —0.19 0.07
CTX —0.08 0.42 —0.23 0.08
Vit D deficiency 0.18 0.66 0.59 0.12
_vitD 0.19 0.12 0.1 0.43
insufficiency
Vit D normal 0.07 0.71 0.19 0.33

Abbreviations: LS, lumbar spine; FN, femoral neck; MMT, manual muscle test; FAC, functional ambulatory
category; MBI, modified Barthel index; OC, osteocalcin; CTX, C-telopeptide of collagen type 1; Vit D, vitamin D.

3.5. Changes in Biochemical Markers and Hematology Tests

In the osteoporosis group, the OC level showed a statistically significant decrease from
13.2 £5.5at TO to 11.36 & 5.1 at T1 (p < 0.05), and the CTX level also showed a statistically
significant decrease from 0.3 &= 0.2 at TO to 0.21 & 0.1 at T1 (p < 0.05). In the osteopenia
group, the OC and CTX levels at TO and T1 were not statistically different. The total vitamin
D levels at TO and T1 were not statistically different in either group (Table 4).

Table 4. Comparison of changes in laboratory finding after 12 months in each group.

Osteoporosis :
Bl Test Level -Value
ood Test Leve To T1 14
OC (ng/mL) 13.2+5.5 11.36 = 5.1 0.02*
CTX (ng/mL) 03+02 0.21 +0.1 0.01*
Vitamin D (ng/mL) 24.4 4+ 10.5 23.1 +10.0 0.1
Osteopenia Val
Bl Test Level -Value
ood Test Leve To T1 P
OC (ng/mL) 12.71 £ 6.4 11.18 £2.5 0.4
CTX (ng/mL) 0.31 £0.2 0.28 0.1 0.7
Vitamin D (ng/mL) 23.6 +10.3 225499 0.35

Abbreviations: OC, osteocalcin; CTX, C-telopeptide of collagen type 1. Values are presented as mean value
(Estandard deviation); * p < 0.05 was analyzed by paired ¢-test.

3.6. Adverse Effects

During the one-year period of follow-up, adverse effects were observed in 6 out of
63 patients (9.5%) in the treatment group, and the types of adverse effects were three cases
of fever, one of chills, and two of myalgia. The severity of all side effects was mild, and most
of them subsided within 2-3 days after follow-up. There were no serious adverse effects
such as death, BRON], or atypical femoral bone fracture in the rest of the patient group.

4. Discussion

There are various causes of osteoporosis in stroke patients, including exercise restric-
tion and weight-bearing reduction due to paralysis, insufficient nutrient intake due to
eating disorders, intake of various medications, and vitamin D decrease due to insufficient
sunlight [2]. Changes in BMD after stroke have reportedly been correlated with age, degree
of paralysis, duration of paralysis, blood calcium level, vitamin D concentration, and vi-
tamin K concentration during the first year, and degree of paralysis and blood vitamin D
concentrations after two years [21]. The risk of fractures increases after a stroke; in particu-
lar, FN fracture occurrence is 2-4 times higher in stroke patients compared with the general
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population of the same age [4,5]. As such, stroke patients are more likely to develop osteo-
porosis, which increases the incidence of spine or EN fractures, which in turn increases the
length of hospital stay and medical expenses. Therefore, early detection and management
of osteoporosis are crucial [7]. Various methods are known for the treatment of osteoporosis,
including behavioral changes, diet, and drug treatment [8]. Bisphosphonates, one of the
drug treatment options, are widely used, and their positive effects on stroke patients have
been reported in previous studies [9]. Thus, this study investigated the change in BMD of
the LS and FN after administration of bisphosphonates in stroke patients with osteoporosis
and in stroke patients with osteopenia at a 1-year follow-up examination to assess the need
for active rehabilitation treatment and management. A statistically significant increase was
found in LS BMD but not in FN BMD after 1 year of bisphosphonate administration in
stroke patients with osteoporosis. FDA research and other studies have shown that when
using bisphosphonate for more than 5 years, LS BMD is further increased and FN BMD
is maintained [22]. It is therefore evident that bisphosphonate treatment is more effective
in the LS. However, as the patients in the present study are stroke victims, the pattern of
BMD change according to treatment may differ from that of the general population. To
understand the above results, since the weight load does not appear on the hemiplegic side
in stroke patients, one must consider that FIN bone loss is more common on the hemiplegic
side than on the unaffected side [6]. A previous study also reported that when comparing
the BMD changes over time in stroke patients, there was no significant difference in LS
BMD, but that FN BMD decreased further by 5.2% on the hemiplegic side and by 2.1% on
the non-hemiplegic side [23]. Since FN BMD in the osteoporosis group of this study was
measured on the hemiplegic side, bone loss was expected to appear over time. Instead,
bisphosphonate treatment was able to prevent bone loss, and it also improved LS BMD.
This study found that bisphosphonate treatment in the osteoporosis group was helpful
in reducing the incidence of spine fractures after stroke by improving LS BMD. In fact,
according to one study, the risk of spine fractures was reduced by 35-50%, with a 1-6%
improvement in LS BMD after the administration of bisphosphonates [24]. Considering the
existing literature [25] stating that the risk of stroke increases with reduced physical activity
due to osteoporotic spine fractures, it follows that osteoporosis treatment is effective in
preventing the recurrence of stroke to some extent. In addition, this study showed that
the use of bisphosphonates in the osteoporosis group could prevent a marked decrease in
FN BMD compared with the osteopenia group. These findings should be considered, as
early appropriate drug treatment is important to prevent bone loss and to reduce the risk
of fractures in osteoporosis patients overall, and comprehensive rehabilitation treatment,
such as appropriate education and training to prevent falls, is essential.

The results of this study show a statistically significant decrease in FN BMD at 1-year
follow-up of the patients in the osteopenia group who were not treated with osteoporosis
medications. Osteoporosis medications such as bisphosphonates were not administered to
patients with osteopenia because in Korea, health insurance coverage of osteoporosis medi-
cations is only possible for patients with osteoporosis marked by a T-score of —2.5 or below
on a BMD test, or with osteoporotic fractures confirmed by radiographs. For this reason, in
the osteopenia group, hemiplegic-side FN BMD was decreased as with the general stroke
patients. LS BMD also changed over time, but seemingly to a lesser degree than FN BMD.
Considering the increased risk of fall due to decreased muscle strength and balance after
stroke, in patients with osteopenia, this significant decrease in FN BMD can lead to femur
fracture resulting from a fall. Recent studies have shown that bisphosphonate treatment
in osteopenia women has beneficial effects, such as increased BMD and reduced fracture
rate [26], so medication is also likely to be effective for the osteopenia group. Therefore,
even in patients diagnosed with osteopenia after stroke, early active drug treatment and
dietary management, such as calcium and vitamin D intake, are considered necessary.

The relationship between functional levels, such as muscle strength, balance ability,
and walking ability, after stroke and changes in BMD has not been clearly established. In a
previous study, it was reported that the asymmetrical weight bearing on the hemiplegic
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side during standing or walking promoted bone loss, so the BMD of the hemiplegic side is
further decreased [27]. In addition, among the various previous studies on this topic, one
reported that BMD is not related to muscle strength, spasticity, or the ability to perform
activities of daily living [28], while another study reported that BMD is correlated with
walking ability and that bone loss can be reduced when standing and gait training are
started within 2 months of onset [29]. The results of the present study show no statistically
significant correlation between daily living performance and muscle strength and the
changes in BMD in stroke patients. However, when comparing the group with FAC 0 and
the group with FAC > 1 to assess gait ability, the group with FAC > 1 showed a statistically
significant improvement in the degree of BMD improvement in the LS and FN. This is
similar to the results of a previous study that found a significantly smaller decrease in
BMD in the ambulatory group when comparing FN BMD in a wheelchair group at 1-year
follow-up to that in an ambulatory group [30]. Another study that showed that people
who can walk independently tend to have a lesser degree of BMD loss compared to those
who cannot [31]. These results indicate that the lack of muscle control that persists after
stroke may be one of the factors that affect BMD, but the accompanying weight bearing
is another important determinant of BMD. Since an increase in bone mass is associated
with bone loading, weight-bearing activities of daily living, such as walking, are very
important for maintaining an individual’s FN BMD [32]. It is thought that the group
with FAC > 1 showed improvement in BMD levels in this study through a more active
participation in rehabilitation training and weight-bearing exercises during hospitalization.
Based on this, it can be assumed that the gait ability measured by FAC is a determinant
of bone loss in the first year after stroke. This suggests the necessity of preventing muscle
loss and reducing the risk of bone loss and fractures through comprehensive and active
rehabilitation treatment, such as weight-bearing training, gait training, and fall prevention,
in the early stages.

Among laboratory tests, OC is a marker related to bone formation, and CTX is a
marker related to bone resorption. Bone resorption is known to increase after stroke [33].
However, it is known that when bisphosphonates are used, both bone resorption and bone
formation markers decrease due to the inhibition of the bone-remodeling process [34]. This
study also found that OC and CTX significantly decreased after 1 year in the osteoporosis
group treated with bisphosphonates. Regarding the correlation between serum OC, CTX,
and BMD, results vary from study to study. In one study, a negative correlation was found
between serum OC, CTX, and the BMD of the FN [35], but in another study, no correlation
was found between serum OC and the LS or FN BMD [36]. In this study, there was no
significant correlation between the changes in BMD and serum OC and CTX. The reason
for these varying results may be that there are individual differences in several factors
such as gender, age, and mobility, when evaluating the serum level, and it is thought that
consistent results are difficult to obtain due to the variability of the analysis [37].

Blood vitamin D levels are often deficient following stroke [38]. However, the relation-
ship between vitamin D deficiency and the prevalence of osteoporosis in stroke patients
is not yet clear. In one study, vitamin D deficiency was found in 71% of stroke patients,
although neither the presence nor absence of vitamin D deficiency was confirmed to be
significantly correlated with the prevalence of osteoporosis [39]. This study also showed a
high prevalence of insufficient or deficient vitamin D levels in 73.2% of the patients, but
there was no significant difference between the osteoporosis and osteopenia groups at
71.5% and 76.5%, respectively. Furthermore, comparing the correlation between the level
of vitamin D deficiency and BMD did not yield any significant results. However, given
the high prevalence of vitamin D deficiency in stroke patients and the associated risk of
fracture [40], vitamin D supplementation is considered necessary in stroke patients by
periodically checking vitamin D levels.

A limitation in this study is that since it is based on a specific Korean group, the results
are less generalizable. Additionally, the average age of the target patient group was 70 years
or older, most of them were women, so the effects of postmenopausal osteoporosis and
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senile osteoporosis could not be completely excluded. In the future, it will be necessary to
evaluate BMD in various areas, such as the humerus, where bone loss occurs frequently.

5. Conclusions

In stroke patients with osteoporosis, the administration of osteoporosis drugs that
suppress bone absorption produced a significant improvement in LS BMD but no significant
change in FN BMD. In follow-up examinations of osteopenia patients, the BMD of the
FN showed a significant decrease. Especially in patients with impaired gait ability, it is
important to conduct early and active rehabilitation treatment, such as weight bearing
and gait training. In stroke patients with osteoporosis or osteopenia, early appropriate
drug treatment is important to prevent bone loss and reduce the risk of fractures, and
comprehensive rehabilitation treatment, such as appropriate education and training to
prevent falls, is essential.

Author Contributions: Conceptualization, M.-C.J.; Investigation, D.-H.L.; Writing—original draft,
D.-H.L.: Writing—review and editing, D.-H.L. and M.-C.J. All authors have read and agreed to the
published version of the manuscript.

Funding: This paper was supported by Wonkwang University in 2020.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Wonkwang University
Hospital ethics committee (IRB Number: 2018-02-034).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and/or analyzed in the current study are not
publicly available but are available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. NIH Consensus Development Panel on Osteoporosis Prevention, Diagnosis, and Therapy, March 7-29, 2000: Highlights of the
conference. South Med. ]. 2001, 94, 569-573.

2. Carda, S.; Cisari, C.; Invernizzi, M.; Bevilacqua, M. Osteoporosis after stroke: A review of the causes and potential treatments.
Cerebrovasc. Dis. 2009, 28, 191-200. [CrossRef] [PubMed]

3. Hamdy, R.C; Moore, S.W.; Cancellaro, V.A.; Harvill, L.M. Long-term effects of strokes on bone mass. Am. J. Phys. Med. Rehabil.
1995, 74, 351-356. [CrossRef] [PubMed]

4. Lee KB, Lee, J.G.; Kim, BJ.; Kim, ].Y,; Lee, K.J.; Han, M.K,; Park, ] M.; Kang, K.; Cho, Y.J.; Park, HK; et al. The Epidemiology of
Fracture in Patients with Acute Ischemic Stroke in Korea. J. Korean Med. Sci. 2019, 34, e164. [CrossRef]

5. Dennis, M.S.; Lo, KM.; McDowall, M.; West, T. Fractures after stroke: Frequency, types, and associations. Stroke 2002, 33, 728-734.
[CrossRef]

6. Kim, HW, Kang, E.; Im, S.; Ko, YJ.; Im, S.A.; Lee, ].I. Prevalence of pre-stroke low bone mineral density and vertebral fracture in
first stroke patients. Bone 2008, 43, 183-186. [CrossRef]

7. Kanis, J.; Oden, A.; Johnell, O. Acute and long-term increase in fracture risk after hospitalization for stroke. Stroke 2001, 32,
702-706. [CrossRef]

8.  Srivastava, M.; Deal, C. Osteoporosis in elderly: Prevention and treatment. Clin. Geriatr. Med. 2002, 18, 529-555. [CrossRef]

9. Sato, Y.; Iwamoto, J.; Kanoko, T.; Satoh, K. Risedronate therapy for prevention of hip fracture after stroke in elderly women.
Neurology 2005, 64, 811-816. [CrossRef]

10. Khosla, S.; Melton, L.J., 3rd. Clinical practice. Osteopenia. N. Engl. ]. Med. 2007, 356, 2293-2300. [CrossRef]

11. Giudice, A.; Antonelli, A.; Chiarella, E.; Baudi, F,; Barni, T.; Di Vito, A. The Case of Medication-Related Osteonecrosis of the Jaw
Addressed from a Pathogenic Point of View. Innovative Therapeutic Strategies: Focus on the Most Recent Discoveries on Oral
Mesenchymal Stem Cell-Derived Exosomes. Pharmaceuticals 2020, 13, 423. [CrossRef] [PubMed]

12.  Giudice, A.; Barone, S.; Diodati, F.; Antonelli, A.; Nocini, R.; Cristofaro, M.G. Can Surgical Management Improve Resolution
of Medication-Related Osteonecrosis of the Jaw at Early Stages? A Prospective Cohort Study. J. Oral Maxillofac. Surg. 2020, 78,
1986-1999. [CrossRef] [PubMed]

13. Shane, E.; Burr, D.; Abrahamsen, B.; Adler, R.A.; Brown, T.D.; Cheung, A.M.; Cosman, F; Curtis, J.R.; Dell, R.; Dempster,

D.W.; et al. Atypical subtrochanteric and diaphyseal femoral fractures: Second report of a task force of the American Society for
Bone and Mineral Research. |. Bone Miner. Res. 2014, 29, 1-23. [CrossRef]


http://doi.org/10.1159/000226578
http://www.ncbi.nlm.nih.gov/pubmed/19571530
http://doi.org/10.1097/00002060-199509000-00006
http://www.ncbi.nlm.nih.gov/pubmed/7576411
http://doi.org/10.3346/jkms.2019.34.e164
http://doi.org/10.1161/hs0302.103621
http://doi.org/10.1016/j.bone.2008.02.016
http://doi.org/10.1161/01.STR.32.3.702
http://doi.org/10.1016/S0749-0690(02)00022-8
http://doi.org/10.1212/01.WNL.0000152871.65027.76
http://doi.org/10.1056/NEJMcp070341
http://doi.org/10.3390/ph13120423
http://www.ncbi.nlm.nih.gov/pubmed/33255626
http://doi.org/10.1016/j.joms.2020.05.037
http://www.ncbi.nlm.nih.gov/pubmed/32615096
http://doi.org/10.1002/jbmr.1998

Int. |. Environ. Res. Public Health 2022, 19, 8954 10 of 10

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Tanvetyanon, T.; Stiff, PJ. Management of the adverse effects associated with intravenous bisphosphonates. Ann. Oncol. 2006, 17,
897-907. [CrossRef]

Papapetrou, P.D. Bisphosphonate-associated adverse events. Hormones 2009, 8, 96-110. [CrossRef] [PubMed]

Rosen, C.J. Clinical practice. Vitamin D insufficiency. N. Engl. ]. Med. 2011, 364, 248-254. [CrossRef]

Mehrholz, J.; Wagner, K.; Rutte, K.; Meissner, D.; Pohl, M. Predictive validity and responsiveness of the functional ambulation
category in hemiparetic patients after stroke. Arch. Phys. Med. Rehabil. 2007, 88, 1314-1319. [CrossRef]

Shah, S.; Vanclay, F; Cooper, B. Improving the sensitivity of the Barthel Index for stroke rehabilitation. J. Clin. Epidemiol. 1989, 42,
703-709. [CrossRef]

Burnfield, ].M.; Josephson, K.R.; Powers, C.M.; Rubenstein, L.Z. The influence of lower extremity joint torque on gait characteristics
in elderly men. Arch. Phys. Med. Rehabil. 2000, 81, 1153-1157. [CrossRef]

Kulmala, J.P.; Ayramo, S.; Avela, J. Knee extensor and flexor dominant gait patterns increase the knee frontal plane moment
during walking. . Orthop. Res. 2013, 31, 1013-1019. [CrossRef]

Sato, Y.; Honda, Y.; Kuno, H.; Oizumi, K. Menatetrenone ameliorates osteopenia in disuse-affected limbs of vitamin D- and
K-deficient stroke patients. Bone 1998, 23, 291-296. [CrossRef]

Whitaker, M.; Guo, ].; Kehoe, T.; Benson, G. Bisphosphonates for osteoporosis—Where do we go from here? N. Engl. . Med. 2012,
366, 2048-2051. [CrossRef] [PubMed]

Yavuzer, G.; Ataman, S.; Suldur, N.; Atay, M. Bone mineral density in patients with stroke. Int. ]. Rehabil. Res. 2002, 25, 235-239.
[CrossRef] [PubMed]

Cummings, S.R. How drugs decrease fracture risk: Lessons from trials. . Musculoskelet. Neuronal Interact. 2002, 2, 198-200.
Chen, Y.C.; Wu, J.C,; Liu, L.; Huang, W.C.; Cheng, H.; Chen, T.J.; Thien, P.E; Lo, S.S. Hospitalized osteoporotic vertebral fracture
increases the risk of stroke: A population-based cohort study. J. Bone Miner. Res. 2013, 28, 516-523. [CrossRef]

Li, J.; Sun, Y;; Chen, Z; Xie, X.; Gu, F; Bi, S.; Yu, T. Effects of Bisphosphonates Treatments in Osteopenic Older Women: A
Systematic Review and Meta-Analysis. Front. Pharmacol. 2022, 13, 892091. [CrossRef]

Ramnemark, A.; Nyberg, L.; Borssen, B.; Olsson, T.; Gustafson, Y. Fractures after stroke. Osteoporos. Int. 1998, 8, 92-95. [CrossRef]
Sahin, L.; Ozoran, K.; Gunduz, O.H.; Ucan, H.; Yucel, M. Bone mineral density in patients with stroke. Am. J. Phys. Med. Rehabil.
2001, 80, 592-596. [CrossRef]

Wolff, I.; van Croonenborg, J.J.; Kemper, H.C.; Kostense, PJ.; Twisk, ].W. The effect of exercise training programs on bone mass: A
meta-analysis of published controlled trials in pre- and postmenopausal women. Osteoporos. Int. 1999, 9, 1-12. [CrossRef]
Jorgensen, L.; Jacobsen, B.K.; Wilsgaard, T.; Magnus, ].H. Walking after stroke: Does it matter? Changes in bone mineral density
within the first 12 months after stroke. A longitudinal study. Osteoporos. Int. 2000, 11, 381-387. [CrossRef]

Borschmann, K.; Iuliano, S.; Ghasem-Zadeh, A.; Churilov, L.; Pang, M.Y.C.; Bernhardt, J. Upright activity and higher motor
function may preserve bone mineral density within 6 months of stroke: A longitudinal study. Arch. Osteoporos. 2018, 13, 5.
[CrossRef] [PubMed]

Chilibeck, P.D.; Sale, D.G.; Webber, C.E. Exercise and bone mineral density. Sports Med. 1995, 19, 103-122. [CrossRef] [PubMed]
Poole, K.E.; Reeve, J.; Warburton, E.A. Falls, fractures, and osteoporosis after stroke: Time to think about protection? Stroke 2002,
33, 1432-1436. [CrossRef] [PubMed]

Braga de Castro Machado, A.; Hannon, R.; Eastell, R. Monitoring alendronate therapy for osteoporosis. J. Bone Miner. Res. 1999,
14, 602-608. [CrossRef]

Paker, N.; Bugdayci, D.; Tekdos, D.; Dere, C.; Kaya, B. Relationship between bone turnover and bone density at the proximal
femur in stroke patients. J. Stroke Cerebrovasc. Dis. 2009, 18, 139-143. [CrossRef]

Trento, L.K.; Pietropolli, A.; Ticconi, C.; Gravotta, E.; De Martino, M.U.; Fabbri, A.; Piccione, E. Role of type I collagen C
telopeptide, bone-specific alkaline phosphatase and osteocalcin in the assessment of bone status in postmenopausal women.
J. Obstet. Gynaecol. Res. 2009, 35, 152-159. [CrossRef]

Hannon, R.; Eastell, R. Preanalytical variability of biochemical markers of bone turnover. Osteoporos. Int. 2000, 11 (Suppl. S6),
S530-544. [CrossRef]

Shinchuk, L.M.; Morse, L.; Huancahuari, N.; Arum, S.; Chen, T.C.; Holick, M.E. Vitamin D deficiency and osteoporosis in
rehabilitation inpatients. Arch. Phys. Med. Rehabil. 2006, 87, 904-908. [CrossRef]

Uluduz, D.; Adil, M.M.; Rahim, B.; Gilani, W.I; Rahman, H.A.; Gilani, S.I.; Qureshi, A.I. Vitamin D deficiency and osteoporosis in
stroke survivors: An analysis of National Health and Nutritional Examination Survey (NHANES). |. Vasc. Interv. Neurol. 2014, 7,
23-28.

Poole, K.E.; Loveridge, N.; Barker, PJ.; Halsall, D.].; Rose, C.; Reeve, J.; Warburton, E.A. Reduced vitamin D in acute stroke. Stroke
2006, 37, 243-245. [CrossRef]


http://doi.org/10.1093/annonc/mdj105
http://doi.org/10.14310/horm.2002.1226
http://www.ncbi.nlm.nih.gov/pubmed/19570737
http://doi.org/10.1056/NEJMcp1009570
http://doi.org/10.1016/j.apmr.2007.06.764
http://doi.org/10.1016/0895-4356(89)90065-6
http://doi.org/10.1053/apmr.2000.7174
http://doi.org/10.1002/jor.22323
http://doi.org/10.1016/S8756-3282(98)00108-2
http://doi.org/10.1056/NEJMp1202619
http://www.ncbi.nlm.nih.gov/pubmed/22571168
http://doi.org/10.1097/00004356-200209000-00010
http://www.ncbi.nlm.nih.gov/pubmed/12352178
http://doi.org/10.1002/jbmr.1722
http://doi.org/10.3389/fphar.2022.892091
http://doi.org/10.1007/s001980050053
http://doi.org/10.1097/00002060-200108000-00009
http://doi.org/10.1007/s001980050109
http://doi.org/10.1007/s001980070103
http://doi.org/10.1007/s11657-017-0414-4
http://www.ncbi.nlm.nih.gov/pubmed/29313169
http://doi.org/10.2165/00007256-199519020-00003
http://www.ncbi.nlm.nih.gov/pubmed/7747001
http://doi.org/10.1161/01.STR.0000014510.48897.7D
http://www.ncbi.nlm.nih.gov/pubmed/11988628
http://doi.org/10.1359/jbmr.1999.14.4.602
http://doi.org/10.1016/j.jstrokecerebrovasdis.2008.09.013
http://doi.org/10.1111/j.1447-0756.2008.00868.x
http://doi.org/10.1007/s001980070004
http://doi.org/10.1016/j.apmr.2006.03.009
http://doi.org/10.1161/01.STR.0000195184.24297.c1

	Introduction 
	Materials and Methods 
	Subjects 
	Methods 
	BMD Test 
	Biochemical Markers and Hematology Tests 
	Functional Evaluation 
	Statistical Analysis 


	Results 
	Demographic Characteristics 
	Changes in BMD 
	Correlation between Functional Evaluation and Changes in BMD 
	Correlation between BMD and Clinical Variables in Stroke Patients 
	Changes in Biochemical Markers and Hematology Tests 
	Adverse Effects 

	Discussion 
	Conclusions 
	References

