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Comparison of different calcium supplementation
methods in patients with osteoporosis
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Abstract. The aim of the present study was to explore the
clinical efficacy and safety of different methods of calcium
supplementation in osteoporosis (OP). Patients with OP were
divided into four groups, including the control, oral calcium
supplementation, intravenous calcium supplementation and
combined calcium supplementation groups. The duration of
the calcium supplementation was 3-6 years. Medical records
were collected and examined along with demographic data,
the incidence of certain diseases and adverse reactions. All
subjects in the three treatment groups exhibited statistically
significant reductions in alkaline phosphatase (ALP) levels,
visual analog score (VAS) and Oswestry Disability Index
(ODI) compared with the respective pre-treatment values.
Furthermore, compared with prior to treatment, the lumbar and
hip bone mineral density (BMD) of patients receiving intra-
venous calcium supplementation was significantly increased.
In addition, after treatment, the lumbar and hip BMD was
significantly increased, whereas ALP levels, VAS and ODI
were significantly decreased in the oral calcium supplementa-
tion group compared with the control group. Also, compared
with the control and oral calcium supplementation groups, the
BMD was significantly increased, whereas ALP, VAS, ODI,
the rate of infection and tooth loss, the incidence of fragility
fractures, joint replacement surgery, arrhythmia, lumbar disc
herniation and cerebral infarction were significantly decreased
in the two groups treated with intravenous calcium supplemen-
tation. The results of the present study may enable a better
understanding of the effectiveness and safety of the different
methods for supplementing calcium in OP.
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Introduction

Osteoporosis (OP) is a common skeletal disorder characterized
by reduced bone mass and disruption of bone microarchitecture,
resulting in increased bone fragility and a high fracture risk (1).
The patient population suffering from OP and osteopenia is
increasing annually worldwide, as is the incidence of osteo-
porotic fractures. It is of great concern that this condition may
be encountered in any age group. Currently, the incidence of
OP and osteoporotic fractures in adolescents is also markedly
increased (2). OP is a silent disease until it is complicated by
fractures, which may occur following minimal trauma or, in
some cases, without trauma, and it must be viewed as part of the
prevention of fractures from childhood through adulthood and old
age (3). OP can be prevented, diagnosed and treated prior to the
occurrence of fractures. Importantly, even after the first fracture,
there are effective treatments that may be applied to decrease the
risk of further fractures. Prevention, detection and treatment of
OP should be mandatory among primary care providers (4).

A number of factors have been reported to be closely asso-
ciated with the occurrence of OP, and they may increase the
difficulty of preventing and treating OP. Moreover, a survey
demonstrated that the current options for OP treatment do not
appear to be promising (5), although research suggests that
osteoporotic fractures are associated with a low percentage of
effective OP assessment and anti-OP treatment (6). There are
several available anti-OP drugs, and new drugs are continu-
ously being developed, but several studies have consistently
demonstrated that calcium supplementation can effectively
improve bone mineral density (BMD), and it appears to be
crucial for the prevention and treatment of OP (7). Among the
currently available OP treatments, calcium is mainly adminis-
tered through the oral route. There are few reports concerning
the treatment of OP by intravenous calcium supplementation,
and no studies have yet explored the clinical efficacy and
safety of the different methods of calcium supplementation
(intravenous, oral and combined) in OP.

Patients and methods

Research objectives. Between January 2011 and March 2016,
809 patients (227 male, 582 female; age range 37-89 years; mean
age, 65.8+13.9 years) with OP from the 967th Hospital of the
Chinese People's Liberation Army were included in this study
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and allocated to four groups according to the patient's wishes and
initiatives, as follows: Control (n=201), oral calcium supplemen-
tation (n=198), intravenous calcium supplementation (n=207)
and combined calcium supplementation (n=203) groups.

Inclusion criteria: i) OP diagnosed according to the
World Health Organization (WHO) diagnostic criteria (8).
ii) Informed consent to participate in this study. iii) No treat-
ment with steroids or other drugs affecting bone metabolism,
including calcium, vitamin D preparations, bisphosphonates,
calcitonin (CT) and estrogen receptor modulators, for at least
3 months prior to enrolment. iv) Common diseases, including
hypertension, diabetes and/or hyperlipidemia, did not affect the
treatment and observation of OP. v) Study protocol approved
by the Ethics Committee of the 967th Hospital of the Chinese
People's Liberation Army.

Exclusion criteria: i) Psychosis or neurological dysfunc-
tion. ii) Hypercalcemia. iii) Heart failure. iv) Renal failure.
v) Aberrant parathyroid hormone (PTH).

The collection, entry, follow-up and functional observa-
tion of the basic data of all patients were completed by the
authors and the doctors involved in the study. In the control
group, 9 cases were lost to follow-up. In the oral calcium
supplementation group, 6 cases who did not comply with the
prescribed treatment were excluded and 4 cases were lost to
follow-up. In the intravenous calcium supplementation group,
3 cases who did not comply with the prescribed treatment were
excluded and 6 cases were lost to follow-up. In the combined
calcium supplementation group, 3 cases who did not comply
with the prescribed treatment were excluded and 5 cases were
lost to follow-up. A total of 773 patients completed the study,
and their complete information was obtained. The general char-
acteristics that were collected for the four groups of patients in
this study included sex, age, body mass index (BMI), BMD,
ALP, VAS, ODI, serum calcium level, prevalence of under-
lying conditions, smoking (Current smokers who smoked at
least 7 cigarettes per week) and drinking (Drinks that contains
at least 35 grams of alcohol per week) and other general
conditions, and no statistically significantly differences were
identified among the groups (P>0.05; Table I).

Calcium supplementation methods. Patients in the control
group received no anti-OP treatments. Patients in the oral
calcium supplementation group received oral Caltrate D600
(600 mg calcium/tablet; Wyeth) daily, and patients in the intra-
venous calcium supplementation group were treated with a
daily intravenous infusion of 10% calcium gluconate injection
(10 ml, 94.7 mg calcium; Hebei Tiancheng Pharmaceutical Co.,
Ltd.); the course of treatment was 10 days, and patients received
1 course per quarter. In the combined calcium supplementa-
tion group, the intravenous calcium treatment protocol was
the same as that for the intravenous calcium supplementation
group, and the patients received oral calcium supplementation
for the remaining time using the same administration protocol
as described for the oral calcium supplementation group. No
other anti-OP drugs were used by any of the patients. The
duration of calcium supplementation was 3-6 years.

Pain and movement disorders assessment. VAS and ODI (9)
were recorded prior to treatment initiation and after 3 years of
treatment.
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BMD assessment. Dual energy X-ray detector was used for
testing. The detection sites included the lumbar vertebrae
(L1-4) and the entire hip. BMD was recorded prior to treatment
and after 3 years of treatment.

Intima-media thickness (IMT) assessment. The carotid IMT
was detected by color Doppler ultrasound. The IMT of the
posterior wall of the carotid bifurcation, common carotid
and internal carotid arteries was measured, and the mean
was calculated after measuring the left and right sides (10).
Changes in IMT were compared before and after 3 years of
treatment.

Cardiovascular system calcification assessment. Spiral
computed tomography was used for the evaluation of coro-
nary artery calcification (CAC), and the Agatston score was
used for quantification (11). The total score was calculated by
adding and ranking the scores of the respective lesions of the
four anatomical parts (left main stem, left anterior descending
branch, left circumflex branch and right coronary artery) as
follows: 0-10, no calcification; 11-100, mild calcification;
101-400, moderate calcification; 401-1,000, severe calcifica-
tion; and >1,000, extremely severe calcification. Abdominal
artery calcification (AAC) was evaluated by abdominal
lateral X-ray (12). Evaluation of cardiac valve calcification
was performed with echocardiography. When a strong echo
of >1 mm was detected on the heart valve, it was considered
as valvular calcification (13) and classified as follows: Mild,
single valve calcification sized 1-3 M; moderate, single valve
calcification sized 3-mM, or >2 valvular calcifications sized
1-3 M; and severe, single valve calcification sized >mM, or
>2 valve calcifications sized 3-5 mm. The incidence of cardio-
vascular calcification was calculated in patients with new
calcifications (mild) or increased degree of calcification after
3 years of treatment.

Indices and diseases monitored assessment. Indices and
diseases were detected after 3 years of treatment. The
criteria for the diagnosis of anomalies were as follows:
Liver dysfunction (transaminase >40.0 U/l, normal range
0.0~40.0 U/1 and/or total bilirubin >25.0 ymol/l, normal
range 2.5~25.0 ymol/l), renal dysfunction (urea >8.0 mmol/I,
normal range 2.9~8.0 mmol/l and/or creatinine >98.0 ymol/l,
normal range 57.0~98.0 pmol/l), aberrant PTH (<11.0
and/or =67.0 ng/l, normal range 11.0~67.0 ng/l), aberrant CT
(=5.0 ng/1, normal range 0.0~5.0 ng/l), hypercalcemia (calcium
levels were corrected for elevated albumin levels), gallstones
(new cholelithiasis or increased degree) and nephrolithiasis
(new nephrolithiasis or increased degree).

Statistical analysis. All statistical analyses were performed
using SPSS 18.0 software (SPSS, Inc.). Student's t-test
was used for enumeration data, which were expressed as
mean + standard deviation (SD). One-way analysis of
variance (ANOVA) and least significant difference post
hoc tests were utilized for comparisons among multiple
groups. Count data were expressed with percentages, and
the Chi-square test was used for analyzing groups of count
data. P<0.05 was considered to indicate a statistically
significant difference.
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Table I. Baseline characteristics of the patients in the four groups.

Characteristics Control (n=192) Oral calcium (n=188) Intravenous calcium (n=198) Combined calcium (n=195)
Male, n (%) 69 (35.9) 62 (33.0) 72 (36.4) 67 (34.4)
Age (years) 65.4+13.2 66.2+14.1 65.7+15.2 65.9+13.8
BMI (kg/m?) 22.7+2.6 23.3+3.8 229424 23.3+3.6
Ethnicity [Han, n (%)] 173 (90.1) 172 (91.5) 181 (91.4) 175 (89.7)
Drinking, n (%) 41 (214) 38 (20.2) 36 (18.2) 40 (20.5)
Smoking, n (%) 35(18.2) 32 (17.0) 32 (16.2) 34 (17.4)
Hypertension, n (%) 61 (31.8) 60 (31.9) 69 (34.8) 66 (33.8)
Diabetes, n (%) 73 (38.0) 69 (36.7) 77 (38.9) 74 (37.9)
Hyperlipidemia, n (%) 76 (39.6) 73 (38.8) 81(40.9) 76 (39.0)
Serum calcium (mmol/I) 2.36+0.24 2.44+0.30 2.39+0.28 2.40+0.31
25(OH)D (ng/ml) 19.63+4.29 20.13+4.57 19.44+5 36 19.65+4 .81
ALP (U/1) 83.76+£3.23 84.01+£3.58 83.92+3.86 84.33+2.87
VAS 6.36+1.59 6.34+1.77 6.47+1.78 6.25+1.67
ODI 24.66+3.64 24.42+3.67 25.06+3.75 25.12+4.29
BMDIlumbar (g/cm?) 0.764+0.134 0.759+0.147 0.761+0.153 0.759+0.149
BMDhip (g/cm?) 0.724+0.136 0.737+0.145 0.723+0.165 0.720+0.141

BMI, body mass index; ALP, alkaline phosphatase; VAS, visual analog scale; ODI, Oswestry Disability Index; BMD, bone mineral density;

25(0OH)D, 25-hydroxyvitamin D.

Results

Biochemical indices and the incidence of certain diseases.
After treatment, no significant differences were identi-
fied among the four groups regarding the incidence of liver
dysfunction, renal dysfunction, aberrant PTH, aberrant CT,
gallstones and nephrolithiasis, coronary heart disease, heart
failure and cardiovascular calcification, incidence of hyper-
calcemia, hypercalciuria and malignant tumors; nor were
any significant differences in IMT and serum calcium levels
observed (all P>0.05; Table II).

Indices related to OP and the incidence of certain diseases.
All subjects in the three treatment groups (oral, intravenous
and combined calcium supplementation groups) exhibited
statistically significant reductions in ALP levels, VAS and ODI
compared with pre-treatment values (all P<0.01). Compared
with prior to treatment, the BMD (lumbar and hip) of patients
receiving intravenous calcium, either alone or in combination
with oral calcium, was significantly increased (both P<0.01).
No significant differences were detected in the lumbar and
hip BMD in the oral calcium supplementation group when
compared before and after treatment (P>0.05; Table III).
BMD (lumbar and hip) was significantly increased in the oral
calcium supplementation group after treatment, compared
with the control group (P<0.05), and the ALP levels, VAS and
ODI were significantly decreased (all P<0.01). The propor-
tion of patients with tooth loss, infection (respiratory system,
urinary system and skin infection), the incidence of fragility
fractures, joint replacement surgery (knee and femoral head),
arrhythmias (premature atrial contraction, tachycardia and
atrial fibrillation), lumbar disc herniation (LDH) and cere-
bral infarction (including lacunar infarction) did not differ

significantly between the oral calcium supplementation and
control groups (all P>0.05). In contrast to the control and oral
calcium supplementation groups, the lumbar and hip BMD of
patients receiving intravenous calcium treatment (intravenous
and combined calcium supplementation groups) was signifi-
cantly increased (both P<0.01), whereas the ALP levels, VAS
and ODI, the rate of infection and tooth loss, and the incidence
of fragility fractures, joint replacement surgery, arrhythmias,
LDH and cerebral infarction were significantly decreased [all
P<0.01, except arrhythmia (P<0.05)]. There were no significant
differences in the indices between the intravenous and combined
calcium supplementation groups (all P>0.05; Table III).

Discussion

Serum calcium is crucial for the homeostasis and normal
function of multiple organ systems. Its circulating concentra-
tion is maintained within a very tight physiological range
(2.25-2.75 mmol/l). Under physiological conditions, the
ionized calcium concentration is regulated by PTH and CT,
which are two hormones exerting opposing effects. Calcium
levels in the blood are increased by PTH, while CT decreases
blood calcium levels. Together, PTH and CT help regulate
calcium homeostasis (14). PTH promotes the action of osteo-
clasts, which are cells that reabsorb bone, thus freeing up
calcium. By contrast, CT decreases the activity of osteoclasts,
so that calcium remains in the bone. PTH and CT accomplish
their tasks through complementary pathways. Different blood
concentrations of calcium trigger the secretion of PTH and CT.
Low levels of blood calcium stimulate PTH secretion, and
high levels of blood calcium stimulate CT secretion. Although
the production and increased activity of CT is short-lived, high
levels of CT oppose the effects of PTH, suppress osteoclast


https://www.spandidos-publications.com/10.3892/etm.2019.8346
https://www.spandidos-publications.com/10.3892/etm.2019.8346

YE et al: INTRAVENOUS CALCIUM SUPPLEMENTATION ON OSTEOPOROSIS 1435

Table II. Biochemical indices and the incidence of certain diseases in the patients of the four groups after treatment.

Variables Control (n=192) Oral calcium (n=188) Intravenous calcium (n=198) Combined (n=195)
Liver dysfunction, n (%) 14 (7.3) 12(64) 12 (6.1) 13(6.7)
Renal dysfunction, n (%) 8(4.2) 9 (4.8) 8(4.0) 7(3.6)
Gallstones, n (%) 11(5.7) 12 (6.4) 10 (5.1) 9 (4.6)
Nephrolithiasis, n (%) 12 (6.3) 11 (5.9) 10 (5.0) 11 (5.6)
IMT, (mm) 0.11+£0.02 0.12+0.03 0.10+£0.02 0.11+0.03
Serum calcium, mmol/l 2.36x+0.24 2.44+0.30 2.39+0.28 2.40+0.31
Aberrant PTH, n (%) 7(3.6) 6(3.2) 5Q2.5) 6(3.1)
Aberrant CT, n (%) 6(3.1) 7@3.7 7(3.5) 52.6)
Coronary heart disease, n (%) 11 (5.7) 12 (64) 7(@3.5) 84.1)
Heart failure, n (%) 13 (6.8) 13(6.9) 11 (5.6) 12 (6.2)
Cardiovascular calcification, n (%) 23 (12.0) 21 (11.2) 18 (9.0) 16 (8.2)
Hypercalcemia, n (%) 11 (5.7) 10 (5.3) 9(4.5) 8 4.1)
Hypercalciuria, n (%) 4(2.1) 3(1.6) 3(1.5) 2(1.0)
Malignant tumors, n (%) 8(4.2) 6(3.2) 7(3.5) 52.6)

IMT, intima-media thickness; PTH, parathyroid hormone; CT, calcitonin.

Table III. Indices related to OP and the incidence of certain diseases among patients in the four groups after treatment.

Indices Control (n=192)  Oral calcium (n=188) Intravenous calcium (n=198)  Combined (n=195)
ALP (U/1) 87.65+4.28 71.96+3 22%¢ 59.17+2.35%¢ 58.04+2.77%¢
VAS 6.19+1.53 4.05+1.13*¢ 1.97+0.81*¢ 2.10+0.84*¢
ODI 26.07+3.41 19.22+3.11*¢ 9.61x2.17*¢ 10.15+2.29*¢
BMD lumbar (g/cm?) 0.743+0.143 0.766+0.169¢ 0.833+0.177*¢ 0.832+0.157*¢
BMD hip (g/cm?) 0.721+0.137 0.739+0.172* 0.841+0.169*¢ 0.839+0.161*¢
Fracture, n (%) 28 (14.6) 26 (13.8) 12 (6.1)*° 11 (5.6)*°
Joint replacement, n (%) 17 (8.8) 16 (8.5) 4 (2.0)** 5(2.6)*
Tooth loss, n (%) 42 (21.9) 39 (20.7) 15 (7.6)*° 16 (8.2)*°
LDH, n (%) 53 (27.6) 47 (21.2) 22 (11.1)*® 20 (10.3)*®
Arrhythmias, n (%) 26 (13.5) 23 (12.2) 8 (4.0)% 9 (4.6)%*
Infection, n (%) 75 (39.1) 73 (38.8) 32 (16.1)** 35(17.9)*°
Cerebral infarction, n (%) 37 (19.3) 35 (18.6) 17 (8.6)*° 18 (9.2)*

1P<0.01 vs. the control group; "P<0.01 vs. the oral calcium group; °P<0.01 vs. pre-treatment; ‘P<0.05 vs. the control group; °P<0.01 vs. the
oral calcium group. ALP, alkaline phosphatase; VAS, visual analog scale; ODI, Oswestry Disability Index; BMD, bone mineral density;

LDH, lumbar disk herniation.

activity and increase bone calcium (15). High levels of blood
calcium may be short-lived following calcium injections. In the
present study, the lumbar and hip BMD of patients treated with
intravenous calcium was significantly increased compared
with prior to treatment. No significant differences were identi-
fied in the lumbar and hip BMD before and after treatment in
the oral calcium supplementation group. However, the lumbar
and hip BMD of patients receiving intravenous calcium treat-
ment (intravenous and combined calcium supplementation
groups) was significantly increased compared with that in
the control and the oral calcium supplementation groups. OP
is known to be associated with calcium imbalance, although
serum calcium levels are usually normal in this condition (16).

Another study indicated that there was no difference between
serum calcium levels before and after calcium injections (17),
which is consistent with the conclusions of the present study.
The blood calcium levels in each group were within the normal
range before and after treatment, and there was no significant
difference among groups.

OP is characterized by skeletal fragility due to low BMD,
and BMD is the most important factor for assessing bone
strength, accounting for ~70% of bone strength (18). BMD is
a possible surrogate for the clinical outcome of osteoporotic
fractures (19). Controlled clinical trials have demonstrated
that ensuring adequate daily calcium and vitamin D intake
is a safe and cost-effective method for reducing fracture
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risk (20). The present study confirmed that oral calcium and
vitamin D supplementation had little effect on the prevention
of osteoporotic fractures, which is consistent with the conclu-
sions of relevant studies (21). The results of the present study
demonstrated that there were no significant differences in
lumbar and hip BMD before and after treatment in the oral
calcium supplementation group, whereas lumbar and hip BMD
was significantly increased and ALP levels, VAS and ODI
were significantly decreased in the oral calcium supplementa-
tion group compared with the control group; the incidence of
fragility fractures and joint replacement surgery did not differ
significantly between these two groups.

The role of vitamin D in the treatment of OP is mainly
to increase the intestinal absorption of calcium and phos-
phorus (22). Several studies suggest that various diseases,
lifestyle and other factors often cause a state of vitamin D
deficiency (23). Vitamin D deficiency is a global public health
concern, particularly in the Chinese population (24), resulting
in markedly reduced absorption of orally received calcium. A
meta-analysis reported that vitamin D monotherapy had no
effect on BMD (25). In the present study, the Caltrate D600
used in the oral calcium supplement group contained 125 inter-
national units of vitamin D3 per tablet, in order to compensate
for vitamin D deficiency. In view of the fact that intravenous
calcium supplementation directly enters into the blood circu-
lation, no vitamin D was applied. The results of the current
study suggested that lumbar and hip BMD was significantly
increased in the oral calcium supplementation group after
treatment, compared with the control group. In addition, the
lumbar and hip BMD in the intravenous and combined calcium
supplementation groups was significantly increased compared
with that in the control and the oral calcium supplementation
groups. These results indicate that the effect of intravenous
calcium supplementation on OP is clearly superior to that of
oral calcium supplementation, which may be associated with
vitamin D to a certain extent, as vitamin D is not required for
intravenous calcium supplementation.

Intravenous calcium has been used to treat several types
of diseases, including burns, allergies (26) and cancer (27);
however, the clinical efficacy of intravenous calcium supple-
mentation for OP remains controversial to date (28-30). There
have been few studies on the treatment of OP with calcium
infusions in recent years, and none of those included a suffi-
ciently large sample. To the best of our knowledge, the present
study is the first to perform a detailed comparison of different
calcium supplementation methods in patients with OP. The
present study indicates that intravenous calcium supplementa-
tion is associated with obvious advantages in terms of the rate
of infection and tooth loss, incidence of fragility fractures,
joint replacement surgery, arrhythmias, LDH and cerebral
infarction. In addition, intravenous calcium supplementa-
tion significantly increased BMD and improved the relevant
indicators of OP. The results of the study also suggest that the
clinical efficacy of intravenous calcium supplementation in OP
is markedly superior to that of oral calcium supplementation,
which is consistent with the findings of earlier studies (17,31).
The results can be interpreted to support the hypothesis that
idiopathic OP results from an imbalance between PTH and
CT secretion, and that calcium infusion suppresses the former
and stimulates the latter. There are other possible reasons, as a

EXPERIMENTAL AND THERAPEUTIC MEDICINE 19: 1432-1438, 2020

number of factors are known to affect oral calcium absorption,
such as calcium salt content, water solubility, the dosage and
type of calcium preparation, disintegration degree, dissolution,
the pH of the intestinal juice, the amount of gastric acid, the
speed of intestinal peristalsis, plant foods or fat intake (32). It
has also been suggested that, under conditions of well-balanced
bone calcium metabolism, ingested calcium does not substan-
tially enter the bone calcium pool after its absorption from the
intestinal tract (33). Due to the extremely sensitive and rapid
calcium balance regulation system in the human body (34),
the instantaneous increase of blood calcium concentration
(high levels of blood calcium may be short-lived after calcium
injections) can promote the secretion of CT and suppress that
of PTH, resulting in plasma calcium being transferred into the
bone calcium reservoir and cells.

It was previously indicated that there is a positive correlation
between OP and degeneration of the lumbar vertebrae. OP can
promote the degeneration process of the lumbar vertebrae and
is a high-risk factor for LDH (35). Another study indicated that
LDH may cause loss of lumbar bone mass (36). In the present
study, there was no statistically significant difference between
the control and oral calcium supplementation groups regarding
the incidence of LDH. However, the incidence of LDH was
significantly decreased in the groups receiving intravenous
calcium supplementation compared with the control and oral
calcium supplementation groups. The results of this study also
suggest that OP and LDH are closely associated. The administra-
tion of an anti-OP treatment to patients with OP with or without
LDH, either to prevent lumbar protrusion of the intervertebral
disc or to improve the symptoms, exhibits a beneficial effect.

Intracellular calcium mobilization has been implicated
as an important signaling event during the internalization of
several bacterial pathogens (37). Previous research also indi-
cated that calcium plays a determinant role in the generation of
pro-inflammatory responses (38). It has also been reported that
calcium induces the switch from acute to chronic infection (39).
OP can also increase the risk of infection (40), as it appears
to be related to abnormal calcium metabolism; however, the
underlying mechanism remains elusive. In this study, compared
with the control group, the rate of infection (respiratory,
urinary and skin infection) did not differ significantly in the
oral calcium supplementation group. However, the incidence of
infection in the two groups that were treated with intravenous
calcium decreased significantly compared with that in the
control and oral calcium supplementation groups, suggesting
that anti-OP therapy with intravenous calcium supplementation
may improve the body's resistance to infection.

As the pharmacological armamentarium for the manage-
ment of OP has considerably expanded (41), clinicians may be
faced with difficult choices when selecting the optimal treat-
ment for each individual patient, whereas the large-scale and
prolonged prescription of OP medication puts much emphasis
on safety concerns. The cardiovascular safety of long-term
calcium supplementation has been controversial (42), and
there is increasing research focusing on their association (43).
High serum calcium levels have been associated with vascular
calcification (44), whereas it should be noted that a number
of large-scale studies of calcium combined with vitamin D
did not document an increase in cardiovascular risk (45,46).
The findings of the present study suggest that calcium
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supplementation as an anti-OP treatment does not increase the
risk of cardiovascular calcification and other cardiovascular
diseases, whereas the incidence of arrhythmias in patients
receiving intravenous calcium supplements was significantly
reduced. In this study, there was no significant difference in
the incidence of cerebral infarction between the control and
oral calcium supplementation groups, which was consistent
with previous findings (47). Furthermore, the incidence of
cerebral infarction in patients receiving intravenous calcium
supplementation was significantly reduced.

In recent years, the possible effects of long-term calcium
supplementation on the incidence of kidney stone formation
have been investigated (48). According to the results of one
study, calcium supplementation for the treatment of OP alone
does not significantly increase the risk of nephrolithiasis (49).
However, another study reported that patients with OP have a
higher risk of developing gallstones compared with the general
population (50). The results of the present research indicate
that oral calcium and intravenous calcium supplementation did
not increase the risk of cholelithiasis or nephrolithiasis during
the treatment of OP.

There is significant controversy regarding the effect of
calcium on the risk of cancer, with observational studies
showing no effect (51), a protective effect (52), or even an
increased cancer risk (53). In the present study, the incidence
of malignant tumors was not significantly different among the
four groups after treatment. These results indicate that neither
oral nor intravenous calcium supplementation increased the
risk of cancer.

The present study did not reach any further conclusions
due to time and funding limitations. Further research will be
focused on exploring the efficacy and safety of long-term intra-
venous calcium supplementation in the treatment of juvenile
OP, and the impact of intravenous calcium supplementation on
the incidence of fertility disturbances and diabetes.

The incidence of OP is on the increase, and the search for
effective strategies for preventing OP remains an active and
challenging field of research (54). Calcium supplementation is
currently the main approach to OP prevention and treatment.
The results of the present study suggest that long-term oral
and intravenous calcium supplementation are both effective
methods for the treatment of OP, albeit the therapeutic effect of
intravenous calcium supplementation is superior. Intravenous
calcium may effectively improve the life quality of OP patients,
and no adverse reactions were observed, which supports its
application in the clinical setting.
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