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The research was carried out in order to investigate the blood serum level of homocysteine (HCY) 
which is involved in bone metabolism and has prognostic significance in the monitoring of the regenerative 
processes in osteoporosis and osteoporotic fractures. The study was carried out on patients 45-83 years old di-
vided into 3 groups: group I – 14 patients with osteoporosis confirmed by densitometry or X-ray examination, 
group II – 15 patients with non-osteoporosis fractures, group III – 25 patients with osteoporotic fractures. 
The control group consisted of practically healthy 14 people. In patients with various fractures osteosynthesis 
with Ilizarov apparatus or with metal plates was performed. After the operation, the patients were treated 
in an inpatient setting for a week, then sent for outpatient treatment and  prescribed calcium and vitamin D 
supplements to accelerate the bone regeneration process. A blood sample was taken at 3 stages to monitor 
the dynamics of HCY level by Elisa test: on the 1st day before treatment, on the 10th day of treatment and 1 
month after it. The results showed that on the 1st day before the treatment HCY concentration was statistically 
increased 2.7 times in group I, 5.6 times in group II, and 6.5 times in group III compared to the control group. 
In the month of recovery, a significant decrease in HCY level was observed in all treated groups  but it still 
remained  higher than in the control indicating the need to recommend additional therapeutic prescriptions.
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The osteoporosis is known to be a serious 
health and economic problem, especially 
for women in the postmenopausal period 

[1]. The bone mass is affected by the environmen-
tal, metabolic and genetic factors. There is evidence 
suggesting that the health of the bones is affected 
by homocysteine (HCY) [2, 3]. Its level is inceasing 
depending on the age day by day [3, 4]. The pa-
tients who had the osteoporotic fractures need more 
care. In the United States osteoporotic fractures oc-
cur in approximately 2.5 million patients each year 
[1‑4]. Homocysteine is one of the main parts of the 
methylation cycle, which is an important biochemi-
cal pathway in our cells involved in many critical 
body functions. The research that was carried out 
recently showed that the increase of the HCY level 
may be associated with the osteoporotic fractures 
[5, 6]. Thus, HCY accelerates oxidative stress, caus-
ing osteoblast damage and apoptosis. As a result, the 
function of osteoblasts is impaired, and bones lose 
strength. At the same time, HCY enhances oxidative 
stress in osteocytes and causes their apoptosis. Thus, 
dysfunction of osteoblasts and osteocytes leads to 

disruption of bone formation and remodeling. The 
people who had the elevated level of serum HCY 
have a 2-4 times higher risk of fracture than those 
with low levels [5-7]. Homocysteine concentration 
in humans varies with age and gender. Plasma con-
centrations of homocysteine increase with age and 
normal HCY levels are higher in males aged 30-40 
than in females [8].

The purpose of this to study examine of the ho-
mocystein level in the blood serum of patients with 
osteoporosis and osteoporotic fractures.

Materials and Methods

In 2018-2019, 54 people who applied to the 
Research Institute of Traumatology and Orthope-
dics in Azerbaijan (Baku) participated in the study. 
The average age of patients was 61.2±0.8 (45-83 
years). These patients collapsed at home and were 
traumatized, and the diagnosis of osteoporosis was 
confirmed by densitometry or X-ray examination. 
The patients with non-osteoporotic fractures were 
injured for various reasons, including auto accident. 
Another 14 people included in the study were pa-
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tients with osteoporosis, however, without fractures. 
The control group consisted of practically healthy 14 
people. Thus, 54 patients were divided into 3 groups: 
I group included 14 patients with osteoporosis, II 
group included 15 patients with non-osteoporotic 
fractures, and III group included 25 patients with 
osteoporotic fractures.

All patients were initially informed and blood 
samples were taken from patients upon ethical con-
sent (Protocol No 07, 27.06.2019), with the permis-
sion of the Ethics Committee of Azerbaijan Medical 
University.

After a detailed history, blood samples were 
taken from patients on an empty stomach. Blood 
sample were taken from all three groups of patients 
in 3 stages, to monitor the dynamics of the serum 
HCY levels: on the 1st day before starting treatment, 
on the 10th day of treatment and after 1 month.

Blood levels of homocysteine (HCY) were de-
termined at a wavelength of 450 nm by the enzyme-
linked immunosorbent assay (Cloud Clone Corp. 
Elisa kits, USA).

The statistical evaluation was performed by 
using SPSS 26.0 program (IBM SPSS Inc., USA) 
The comparison of numerical variables was con-
ducted with dispersion ANOVA, and Kruskal-
Wallis H test, the statistical accuracy of the change 
of variables in dynamics – with Wilcoxon test. To 
compare categorical variables, Pearson Chi-square 
and Fisher Exact tests were performed using exact 
results. All data were provided as mean ± SD. The 
significance level of the difference between the in-
dicators was considered statistically reliable when it 
was at least P < 0.05.

Results and Discussion

According to the results, there was no statisti-
cally significant difference between the age and sex 
groups in the concentration of HCY in the blood 
samples (P > 0.05). The results showed that on the 
1st day the concentration of HCY was statistically 
significant increased by 2.7 times (PU = 0.108) in 
group I, by 5.6 times (PU <0.001) in group II, and 
by 6.5 times in group III (PU <0.001) compared 
with the control group. Thus, the average value of 
HCY in group I was 1.76 ± 0.56 μg/ml; in group II – 
3.57 ± 0.62 μg/ml; in group III – 4.2 ± 0.50 μg/ml. 
The results show that the serum HCY level increases 
more sharply after fractures, especially in osteoporo-
tic patients. Thus, during osteoporotic fractures 
(group III), the concentration of HCY increased by 

2.4 times (PU = 0.005) when it was compared with 
the patients who had osteoporosis not accompanied 
by fractures (group I). It turned out that an eleva-
tion in HCY levels increases the risk of fractures. 
The Figure shows that the maximum level of HCY 
was observed in non-osteoporotic fractures, and the 
maximum mean value was observed in osteoporotic 
fractures.

The comparison of minimum and maximum 
HCY levels, their mean values (M ± m), and its initial 
level for each group on the 10th day and a month later 
has been given in the Table.

When determining the level of HCY in the 
dynamics of the treatment in patients who had os-
teoporosis (group I), after 10 days, its concentration 
increased in 8 people compared to the results before 
treatment, and decreased in 6 people. Thus, after 
10 days, the concentration of HCY decreased by 
15.0% and averaged 2.01 ± 0.66 μg/ml (PW = 0.875). 
However, the concentration of HCY is still 3.0 times 
higher (PU = 0.141) than in the control group. After a 
month of the treatment, the results change very little 
compared to 10 days after treatment (PW = 0.158). As 
it can be seen from the Table, the mean concentra-
tion of HCY after a month was 2.03 ± 0.67 μg/ml.

In the dynamics of the treatment, the con-
centration of  HCY decreased by 15.0% after 10 
days in the group with non-osteoporotic fractures 
(group II) compared with the 1st day and averaged 
3.11 ± 0.54 μg/ml (PW = 0.009). In this group, the 
concentration of HCY decreased in almost all the 
majority of patients – in 14 people, and increased 
only in one person. As it can be seen from the re-
sults, the concentration of HCY remained by 4.8 
times (PU < 0.001) higher after 10 days compared 
to the control group. A month after the starting 
treatment, the concentration of HCY in the major-
ity of patients (14 people) decreased by 43.0% com-
pared to pre-treatment results (PW = 0.003). Thus, 
the concentration of HCY in this group averaged 
2.50 ± 0.41 μg/ml a month after treatment. Although 
the result decreased by 25.0% compared to 10 days 
ago, it remained 3.9 times higher (PU < 0.001) than 
in the control group. 

After 10 days of treatment for osteoporotic 
fracture (Group III), it was established that the con-
centration of HCY significantly decreased by 46.0% 
compared to pre-treatment (P < 0.001). This decrease 
was observed in the majority of patients (23 people), 
and in 2 people, on the contrary, the HCY content 
was increased in comparison with the results before 
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Fig. The levels of HCY. (C – control group, I – pa-
tients with osteoporosis, II – patients with non-oste-
oporotic fractures, III – patients with osteoporotic 
fractures) 
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treatment. Thus, after 10 days of treatment, HCY’s 
concentration was 2.88 ± 0.40 μg/ml. Apparently, 
HCY’s concentration remained statistically signifi-
cantly higher by 4.5 times (PU < 0.001) than in the 
control group. One month after treatment, a decrease 
in HCY concentration by 96.0% compared to pre-
treatment (PW < 0.001) was observed. In the studied 
group, a decrease in the concentration of HCY was 
recorded in 22 patients. HCY concentration in this 
group was 10 days after treatment, with an average 

of 2.14 ± 0.35 μg/ml and ranged from 0.19-5.98 μg/
ml within the group.

The results showed that HCY levels decreased 
in the first month of the recovery period in 92% of 
patients with osteoporotic fractures, 93% of patients 
with non-osteoporotic fractures, but increased in 
57% of patients with osteoporosis.The difference 
was statistically significant compared to the control 
group (P < 0.05).

Also, after 1 month, X-ray examination re-
vealed that the recovery process in non-osteoporotic 
fractures proceeds faster than in osteoporotic frac-
tures.

Bone remodeling is a very complex process. 
Homocysteine is known to modulate this process 
through several known mechanisms such as an in-
creased osteoclast activity, decreased osteoblast ac-
tivity, and direct action of HCY on bone matrix [9]. 
According to a study by Rotterdam and Lasa, they 
did not determine the association of the elevated ho-
mocysteine levels with Ca and vitamin D treatment. 
İncreased homocysteine levels could lead to an in-
crease in the risk of fracture through the interference 
in collagen cross-linking. We therefore speculate 
that homocysteine interferes with the development of 
the microarchitecture of  bone independently of the 
amount of mineral components in the bone [12]. Ele
vation of  HCY weakens the absorption of  calcium 

T a b l e . Dynamics of homocysteine level by groups (M ± m), μg/ml

Groups n M ± m Min Max PW

I stage
Control 14 0.65 ± 0.17 0.01 2.51

I 14 1.76 ± 0.56 0.25 6.31
II 15 3.57 ± 0.62 1.20 7.99
III 25 4.20 ± 0.50 0.40 7.89

II stage
I 14 2.02 ± 0.66 0.26 7.59 0.875
II 15 3.11 ± 0.54 1.14 7.71 0.009
III 25 2.88 ± 0.40 0.23 6.59 0.000

III stage
I 14 2.03 ± 0.67 0.28 7.92 0.510
II 15 2.50 ± 0.41 0.99 5.56 0.003
III 25 2.14 ± 0.35 0.20 5.98 0.000

*PW – Statistical accuracy of the difference according to the Wilcoxon criterion. I – patients with osteoporosis, II – pa-
tients with non-osteoporotic fractures, III – patients with osteoporotic fractures. I stage – samples were taken on the 1st 
day , II stage – samples were taken after 10 days, and III stage – samples were taken after a month of treatment

Groups
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and has a negative effect on bone mineralization. An 
increase in HCY leads to an uneven distribution of 
collagen in the bone matrix,and, as a result, chon-
drocytes cannot receive extracellular signals from 
the environment for differentiation and mineraliza-
tion [10, 11].

We can see similar results in the literature. Van 
Meurs and co-authors assessed the level of HCY in 
old patients (55 years and older) in Amsterdam and 
Rotterdam, and observed a relationship between the 
risk of fracture and the level of HCY, independent of 
bone mineral density and other potential risk factors 
for fracture [12, 13].

Similar results were also observed by McLean 
and co-authors in a subgroup of the Framingham 
Study [14]. However, Périer et al. obtained different 
results. They carried out over 671 women, who were 
in the postmenopausal period for 10 years in the pro-
spective studies. They concluded that HCY was not 
an independent risk factor for postmenopausal os-
teoporosis fractures in healthy women with a wide 
age range [15].

Dhonukshe-Rutten and co-authors observed 
the high levels of bone formation and resorption 
biomarkers in patients with hyperhomocysteine-
mia (HHCY) [12, 16]. Herrman and co-authors 
conducted a study among post-and premenopausal 
women and reported a positive correlation between 
HCY concentration and deoxypyridinoline, a bone-
resorption marker in the urine, but not associated 
with osteocalcin, a bone-resorption marker in the se-
rum. Under the influence of HCY, bone metabolism 
is directed  to the enhancement of resorption [16]. 
The acceleration of resorption has been confirmed 
in patients with HHCY [17]. The available results 
suggest that HHCY may affect osteoclast activity, 
but these data are not sufficient to conclude that os-
teoclasts are the primary target of HCY in human 
bone [18, 19].

There is evidence that an increase in homo
cysteine levels is associated with a decrease in bone 
mineral density (BMD) [20]. However, in the scien-
tific literature available to us, there is no systema-
tized information on the effect of hyperhomocys
teinemia on the growth, structure and shaping of the 
bones of the skeleton in different age periods with 
trauma to the musculoskeletal system [21].

Although there is sufficient information in the 
literature on the relationship between homocysteine 
and bone fractures and its role in the repair of bone 
fractures, these data are quite contradictory and re-

quire further extensive research. In our study, the 
role of homocysteine in the pathogenesis of fractures 
of various origins, as well as in the dynamics of re-
covery, was comparatively studied. The results show 
that people with high levels of homocysteine have 
an increased risk of fractures as a result of trauma. 
This risk was higher in patients with osteoporosis, 
which may be primarily due to vitamin D deficiency 
in osteoporosis.

Conclusions. Thus, according to the results, a 
statistically significant difference in the level of HCY 
in the groups compared to the control group was ob-
served (P <0.05). High concentrations of HCY re-
sulted in a high risk of fracture. In the first month of 
recovery, a significant decrease in HCY concentra-
tions was observed. A slight increase in the level of 
HCY in the dynamics of treatment in patients with 
osteoporosis not accompanied by fractures indicates 
that the treatment is not fully effective. This is evi-
denced by the fact that the content of HCY in the 
dynamics of fracture recovery remains higher than 
in the control. It may be useful to monitor the se-
rum dynamics of HCY in order to control metabolic 
processes in the bone during the recovery process 
of osteoporotic fractures. More extensive and long-
term research is needed to monitor the dynamics of 
HCY during the full recovery period and to select 
new treatments.
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Дослідження проводили з метою вивчен-
ня у сироватці крові рівня гомоцистеїну (HCY), 
який бере участь у метаболізмі кісткової ткани-
ни та має прогностичне значення в моніторингу 
регенеративних процесів за остеопорозу та 
остеопоротичних переломів. Пацієнтів віком 
45-83 років було розподілено на 3 групи: І гру-
па – 14 пацієнтів з остеопорозом, підтвердженим 
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денситометрією або рентгенівським обстежен-
ням, ІІ група – 15 пацієнтів із неостеопорозни-
ми переломами, ІІІ група – 25 пацієнтів з осте-
опоротичними переломами. Контрольну групу 
склали 14 практично здорових осіб. Пацієнтам 
із різними переломами проводили остеосинтез 
апаратом Ілізарова або металевими пластинами. 
Після операції протягом тижня хворих лікували 
в стаціонарі, потім направляли на амбулатор-
не лікування і призначали препарати кальцію і 
вітаміну D для прискорення процесу регенерації 
кісткової тканини. Для моніторингу динаміки 
рівня HCY методом ELISA відбирали кров у 3 
етапи: за один день до лікування, на 10-й день 
лікування та через 1 місяць після нього. Резуль-
тати показали, що за один день до лікування 
концентрація HCY була статистично більше в 
2,7 раза в І групі, в 5,6 раза в ІІ групі і в 6,5 раза в 
ІІІ групі порівняно з контрольною групою. Через 
один місяць після лікування рівень HCY значно 
знизився в усіх групах, але все ще був вищим, 
ніж у контрольній, що вказує на необхідність 
рекомендувати додаткові терапевтичні призна-
чення.

К л ю ч о в і  с л о ва: рівень гомоцистеїну, 
остеопороз, остеопоротичні переломи.
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