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Obijective: To study the relationship of plasma homocysteine (Hcy), bone turnover biomarkers
(BTB), and bone mineral density (BMD) with osteoporotic fracture (OPF) in elderly people.
Methods: Eighty-two patients (aged 65 years or older) admitted to our orthopedics department
between October 2014 and May 2015 were randomly divided into three groups: 1) OPF group:
39 cases with the mean age 81.82+5.49 years, which included 24 females and 15 males; 2) high-
energy fracture (HEF) group: 22 cases with the mean age 78.88+5.75 years, which included
16 females and six males; 3) non-bone-fracture group: 21 cases with mean age 79.75+5.47 years
without bone fracture, which included 14 females and seven males. Plasma Hcy, BTB, and
BMD were measured. Analysis of variance and multiple regression analysis were used in the
statistical analysis.

Results: There was no significant difference in either age or sex among the three groups. There
were significant differences in plasma Hcy and hip BMD between the OPF and HEF groups;
there was also significant difference in plasma Hcy, 25-(OH) Vit D, and hip BMD between the
OPF and non-fracture groups. There was no difference in lumbar spine BMD between the OPF
group and the other two groups. There was no significant difference in plasma Hcy, 25-(OH)
Vit D, hip or lumbar spine BMD between the HEF and non-fracture group. There was no
significant difference in procollagen type I N-propeptide of type I collagen, serum C-terminal
cross-linking telopeptide of type I collagen, and parathyroid hormone among the three groups.
Plasma Hcy was linearly correlated with age and serum C-terminal cross-linking telopeptide of
type I collagen, but not correlated with either hip or lumbar spine BMD or any other BTBs.
Conclusion: In this study, we found that the plasma Hcy level in elderly patients with OPF
is higher than that of nonosteoporotic patients. It is not correlated with BMD, but positively
correlated with bone resorption markers. An increased Hey level appears to be a risk factor for
OPFs in elderly people.

Keywords: elderly patient, osteoporosis, fracture, homocysteine, bone mineral density, bone

turnover marker

Introduction

With the increase of human life expectancy and the arrival of an aging society,
osteoporosis has become an important human health problem. Osteoporosis is a whole-
body bone disease characterized by decreased bone strength and increase in the risk
of fracture caused by low bone mass and bone microstructural damage.! A serious
consequence of osteoporosis is the occurrence of osteoporotic fracture (OPF), that
is, a fracture induced by minor trauma or a daily routine activity.! OPF is a serious
threat to the health of elderly population, as it can reduce their quality of life and
significantly increase the morbidity and mortality.? For example, the mortality will
increase to 12%-35% 1 year after hip fracture.’
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Homocysteine (Hcy) is a nonprotein amino acid that is
synthesized from methionine and either recycled back into
methionine or converted into cysteine with the aid of the
B-group vitamins. Increase in plasma Hcey has been linked to
the increased incidence of osteoporosis-related fractures.**
However, the exact mechanism of how Hcy causes OPF is
still unclear. Previous literature have reported contradic-
tory findings about the relationship between Hcy and bone
mineral density (BMD),*!! some reported reverse, mixed,
or no relationships at all. A meta-analysis study in a female
population showed no significant association between Hey
and BMD."? However, a most recent cross-sectional study
performed in postmenopausal females showed that serum
Hcy levels were significantly higher in osteoporotic females
compared to the other BMD groups, and were inversely
related to lumbar spine and femoral neck BMD." In the past,
it was hypothesized that Hcy was related to bone collagen
cross-linking and might weaken the bone structure.'* Based
on the above findings, recently, there was a study to see
whether lowering Hey with combined vitamin B-12 and
folic acid supplementation will reduce fracture risk in the
elderly population with elevated Hey level. It was found that
combined vitamin B-12 and folic acid supplementation had
no effect on OPF incidence in the elderly population.'®

There are few studies about the relationship between Hey
and bone metabolism, and the relationship between Hey and
BMD reported in the literature is confusing. Therefore, the
aim of this study is to explore the relationship between senile
OPFs and plasma concentrations of Hcy.

Materials and methods

Study subjects
Eight-two patients aged >65 years who were admitted to
the orthopedic department at Huadong Hospital in Shanghai,
People’s Republic of China, between October 2014 and
May 2015 were enrolled in this study, and their ages were
80.6115.61 years. The patients were divided into three groups:
1) OPF group: 39 cases with the mean age 81.82+5.49 years,
24 females and 15 males, which included 26 cases of hip
fractures, eleven cases of thoracolumbar fractures, and two
cases of distal radius fractures; 2) high-energy fracture (HEF)
group: 22 cases with the mean age 78.88%5.75 years, which
included 16 females and six males; 3) non-bone-fracture (NF)
group: 21 cases with the mean age 79.75+5.47 years without
bone fracture, 14 females and seven males, which included
15 cases of degenerative lumbar spinal stenosis, three cases of
cervical spine disease and three cases of knee osteoarthritis.
The inclusion criteria were the following: 1) Diagnosis
with either OPF HEF, or without fracture but with bone

disease that needs inpatient treatment. 2) Age is over 65 years.
3) Voluntary participation. The exclusion criteria were the
following: 1) Lower extremity arterial disease confirmed by
lower extremity peripheral artery intravascular ultrasound or
magnetic resonance imaging (MRI). 2) Severe cardiovascular
disease and heart failure based on history and cardiac enzyme
tests. 3) Cognitive impairment based on mini-mental state
examination (MMSE) scale test.'¢

This study was approved by the Huadong Hospital ethics
committee, and all study subjects signed an informed consent
form to voluntarily participate in this study.

Methods

Blood was drawn from all patients after overnight fasting
and placed in anticoagulant tubes containing ethylenedi-
aminetetraacetic acid. The blood samples were incubated at
37°C water bath for half an hour, centrifuged at 4°C, and the
supernatant was collected. Plasma Hcy concentration was
measured using a automatic biochemical analyzer (Olympus
AU640, Olympus Corporation, Tokyo, Japan) and Hcy assay
kit (normal reference values =15 umol/L).

Plasma biochemical markers of bone turnover recom-
mended by the International Osteoporosis Foundation were
measured simultaneously, including markers of bone forma-
tion such as procollagen type I intact N-terminal propeptide,
and bone resorption markers such as serum C-terminal cross-
linking telopeptide of type I collagen (S-CTX),' as well as
plasma levels of 25-OH Vit D.

BMD was measured by dual-energy X-ray assessment
absorptiometry. Two body parts — the femoral neck and
lumbar spine (L1-L4) — were used for BMD measurement.

Statistical analysis

Statistical analysis was performed using SPSS22.0 software
(SPSS Inc., Chicago, IL, USA). Numerical data were
expressed as mean + standard deviation and analysis of vari-
ance was used to compare the differences among the three
groups; categorical data were expressed as percentage and
Chi-square test was used to compare the differences between
the two groups; multiple regression analysis was used to
study the relationship between plasma Hcy level and bone
metabolism, and hip and lumbar spine BMD. P<<0.05 was
regarded as statistically significant.

Results

As shown in Table 1, there was no statistical difference in age
and sex among the three groups. However, there was signifi-
cant difference in plasma Hcy level among the three groups
(P=0.000). In terms of bone metabolism, there was also
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Table | General characteristics, plasma Hcy level, BTB, and BMD in the three groups

Factors OPF group HEF group NF group F-value P-value
Age (years old) 81.82+5.49 78.88+5.75 79.75+5.47 2.179 0.122
Sex (female %) 61.54 72.73 66.67 - 0.385
Hcy (umol/L) 17.214£5.99* 10.82+3.60 12.91+4.32 9.483 0.000
S-CTX (pg/mL) 621.89£383.19 474.81+220.71 473.57+278.22 1.427 0.248
Osteocalcin (ng/mL) 16.57+11.08 13.87+5.28 16.4318.61 0.540 0.586
PINP (ng/mL) 72.40+60.18 74.37£55.96 53.14£26.23 0.676 0513
PTH (pg/mL) 69.75+143.88 43.66129.24 44.11+20.38 0.437 0.648
25-(OH) Vit D (ng/mL) 13.77+7.85% 18.79+4.84 18.70£3.19 4.792 0.012
L1-L4 BMD (g/cm?) 0.79+0.17# 0.99+0.21 0.95+0.18 3.750 0.037
Hip BMD (g/cm?) 0.65+0.11* 0.81£0.13 0.85+0.24 5.473 0.009

Notes: Data presented as mean + standard deviation unless stated otherwise. *P<<0.0| compared with either HEF or NF group, #P<<0.05 compared with either HEF or NF

group. “~” indicates no data.

Abbreviations: BMD, bone mineral density; BTB, bone turnover biomarker; Hcy, homocysteine; HEF, high-energy fracture; L1-L4, lumbar spine; NF, non-fracture; OPF,
osteoporotic fracture; PINP, procollagen type | intact N-terminal propeptide; PTH, parathyroid hormone; S-CTX, serum C-terminal cross-linking telopeptide of type | collagen.

significant difference in plasma 25-(OH) Vit D level among
the three groups (P=0.012); however, there was no statisti-
cally significant difference in plasma levels of procollagen
type I intact N-terminal propeptide, S-CTX, osteocalcin,
and parathyroid hormone among the three groups. In terms
of bone density, there was significant difference in hip and
lumbar spine BMD among the three groups (P=0.009 and
P=0.0037, respectively).

As shown in Table 2, plasma level of Hey in OPF group
was significantly higher than those in both HEF and NF
groups (P<<0.05 for both comparisons), but plasma levels
of 25-(OH) Vit D and hip BMD in OPF group were sig-
nificantly lower than those in both HEF and NF groups
(P<0.05 for all comparisons). There was no significant
difference in lumbar BMD among the three groups. There
was no significant difference in plasma Hcy, 25-(OH)
Vit D, hip BMD and lumbar BMD (P=0.498, P=0.999,
P=0.869, and P=0.935, respectively) between the HEF
and NF groups.

As shown in Table 3, plasma Hcy level was positively
and linearly correlated with age (+=0.386, P<<0.01), but not
correlated with either hip BMD (r=—0.221, P=0.183) or
lumbar spine BMD (r=—0.106, P=0.533). In the meantime,
plasma Hcy level was also positively and linearly correlated
with S-CTX (=0.324, P=0.003), but not to any other bone
metabolism marker.

Table 2 Comparisons of plasma Hcy, 25-(OH) Vit D, hip and
lumbar spine BMD among the three groups

Comparisons Hcy 25(OH) D Hip Lumbar
BMD spine BMD

OPF vs HEF group 0.000  0.033 0.034 0.052

OPF vs NF group 0.024  0.048 0.022 0.143

HEF vs NF group 0498  0.999 0.869 0.935

Abbreviations: BMD, bone mineral density; Hcy, homocysteine; HEF, high-energy
fracture; NF, non-fracture; OPF, osteoporotic fracture.

Discussion

Osteoporosis and fall are the two major risk factors for OPF.
Bone strength is determined by BMD and bone quality.
BMD represents approximately 70% of bone strength and is
a commonly used quantitative indicator in clinical diagnosis
of osteoporosis and prediction of the risk of OPF.! Studies
have shown that one standard deviation decrease in BMD was
accompanied with 2- to 2.5-fold increase in fracture risk.'
This study also showed that, compared with the other two
groups, hip BMD in the osteoporotic group is significantly
lower, which also indicates that bone density can be used
as a predictive indicator for OPF. There was no significant
difference in lumbar spine BMD among the three groups,
which is probably due to the finding that degenerative lumbar
hyperplasia often interferes with normal BMD in lumbar
spine. BMD only reflects the level of bone mineralization.
We found in this study that the plasma Hcy level in the OPF
group was significantly higher than those in the other two
groups. But in literature, the relationship between plasma
Hcy and BMD remains unclear, and conflicting results have
been reported in the past.*!! We did not find any correlation

Table 3 Multiple regression analysis of plasma Hcy level with all
other parameters

Factor Hcy P-value
R
Age (years old)* 0.386 <0.01
S-CTX (pg/mL)* 0.324 0.003
Osteocalcin (ng/mL) 0.115 0.307
PINP (ng/mL) 0.039 0.732
25(0OH) D (ng/mL) -0.211 0.058
LI1-L4 BMD (g/cm?) —0.106 0.533
Hip BMD (g/cm?) -0.221 0.183

Note: *P<0.01.

Abbreviations: 25(OH) D, 25-hydroxy vitamin D; BMD, bone mineral density;
Hcy, homocysteine; PINP, procollagen type | intact N-terminal propeptide; S-CTX,
serum C-terminal cross-linking telopeptide of type | collagen.
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between plasma Hcy levels and BMD in this study either.
Therefore, we assume that the impact of plasma Hcy level
on bone fracture is through its effect on bone quality. It has
been reported in previous studies that plasma Hey can enhance
osteoclast activity, inhibit osteoblast activity, and activate
matrix metalloproteinases activity by increasing the produc-
tion of reactive oxygen species. It can therefore interfere with
collagen cross-linking, cause degradation of extracellular
bone matrix, and reduce the strength of bone microarchitec-
ture structure, which will result in damage of biomechanical
properties of the bone, reduced bone quality, and increased
risk of fractures.! We also found that plasma Hcy and S-CTX
has a weak correlation. Serum S-CTX is a relatively sensi-
tive marker for bone resorption, which is recommended by
the International Osteoporosis Foundation; the correlation
of Hey with S-CTX reported in our study also supports the
previous finding that Hey could increase osteoblast activity.
Some researchers believe that Hey can change the properties
of bone through mitochondria-mediated pathway. It has been
confirmed that there were mitochondrial abnormalities in
hyperhomocysteinemia, and mitochondria play a very impor-
tant role in the processing of reactive oxygen species.

Fall is another important risk factor for OPFs.!217:18
Sideways fall can increase the risk of hip fracture three- to
fivefold, and if the fall affects the proximal greater trochanter
of the femur, then the risk of hip fracture will increase by
approximately 30-fold.!” Some researchers have analyzed
the incidence rate of low-energy OPFs in a population
aged >50 years and found that the femoral neck fracture
rate was 95%, the rates of fracture in other locations were
62%—-94%." Fall can be caused by many reasons, including
environmental factors, health factors, neuromuscular factors,
and so on.! Health factors include insufficient vitamin D
(serum 25-(OH) Vit D <30 ng/mL)."! We found in this study
that, in the OPF group, 25 (OH) Vit D level was significantly
lower than those of the control groups. In recent years,
studies have shown that Hcy was associated with weaken-
ing of muscle functions.?*?! Cysteine is the mediator of a
number of key metabolic processes, such as demethylation
and antioxidation function in the cell. Metabolic imbalance
of cysteine will affect gene expression and cell signaling
(including G protein-coupled receptor signaling), and dam-
age the sympathetic and parasympathetic function of blood
vessels in skeletal muscles as well as muscle function. It
was previously reported that elevated Hcy was negatively
correlated with the physical capacity in the elderly.?** The
enhanced muscle-specific creatine phosphokinase activity
further proved that Hey could damage skeletal muscle.?* Other

studies suggested that Hey could damage muscle function and
integrity, leading to senile weakness.?® Cysteine was observed
to stimulate the production of cellular superoxide radicals
and induction of superoxide dismutase in endothelial cells.?
Hypomethylation can also affect the remodeling and repair
of skeletal muscle.?”?* Hey could potentially limit the supply
of creatinine in liver, reduce muscle endurance, and increase
muscle damage.?*>? Excess Hcy may affect nitric oxide
signaling and limit the hemodynamics in muscles and blood
vessels, resulting in fatigue, ischemia, and decreased body
endurance.*® It was found that the elderly with high plasma
Hcy levels had poor exercise tolerance. Recently, there was a
report that Hey could reduce connexin expression in the blood
vessels of skeletal muscles and interfere with vasodilation and
tissue perfusion.’* Hey was also shown to be able to cause
abnormal endoplasmic reticulum stress, resulting in muscle
disease.*>3¢ Precise evaluation of the role of Hey in muscle
diseases will provide new ways to treat falls caused by bone
or skeletal muscle weakness in elderly patients.

Conclusion

In summary, with the accelerated aging of the population,
the incidence of osteoporosis and OPF has been rising;
consequently, finding ways of reducing and delaying OPFs
is an urgent task. We found in this study that plasma Hcy
level in patients with OPFs was significantly higher than
that in patients with HEF or no fracture. Plasma Hcy level
is not correlated with BMD in patients, but is correlated with
osteoclast activity markers in bone metabolism. Plasma Hcy
level can be used as an important risk factor for OPF in the
elderly population. Reducing plasma Hcy level can improve
bone quality and reduce the risk of falling in elderly patients
secondary to bone or skeletal muscle weakness, thereby
reducing the risk of OPFs in the elderly. How to predict the
occurrence of OPFs is the direction for future research.

Disclosure
The authors report no conflicts of interest in this work.
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