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Abstract 
Objective: To investigate whether sequential regimen such as traditional an-
ti-reabsorption medications followed by zoledronic acid could reduce the side 
effects after initiation of zoledronic acid in postmenopausal osteoporosis pa-
tients. Methods: A total of 156 postmenopausal osteoporosis patients who 
presented at our osteoporosis outpatient clinic were enrolled in this study. 
They were randomly divided into four groups: the control group, alendronate 
group, calcitonin group, and raloxifene group. All participants were treated 
with Caltrate 600 mg per day and calcitriol 0.25 ug per day as a baseline 
treatment, followed by administrating 5 mg/100 mL of zoledronic acid intra-
venously for one single time three months afterwards. During the abovemen-
tioned course of three months, the alendronate group received 70 mg of alen-
dronate sodium orally once a week, the calcitonin group received nasal spray 
form of salmon calcitonin 10iu daily, the raloxifene group received 60mg of 
raloxifene orally daily, and the control group received nothing but only the 
baseline treatment. We tested parameters such as β-cross, blood calcium level, 
renal function both pre and post zoledronic acid treatment. We also docu-
mented those side effects that typically occurred within one week of treatment 
initiation, which included the proportion, severity, onset time, and duration 
of the fever, demand for pain medication, severity of bone and joint pain, 
flu-like symptoms, arrhythmia, blood calcium level, and kidney function im-
pairment. We also evaluated how willing the patients were to receive a second 
dose of zoledronic acid. Then we did comparative analysis between control 
group and sequential group. Results: The side effects such as fever, bone and 
joint pain, flu-like symptoms after zoledronic acid treatment in alendronate 
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group and calcitonin group were all significantly lower than that in control 
group, while raloxifene group showed no significant difference compared to 
that in the control group. The proportions of patients who needed NSAIDs in 
the alendronate group and the calcitonin group were significantly lower than 
that in control group. However, the raloxifene group showed no significant 
difference in the NSAIDs demand from that of the control group. The per-
centages of patients who consented to a second dose of zoledronate therapy in 
the alendronate, calcitonin and raloxifene groups were significantly higher 
than that in the control group. Conclusions: Sequential treatment with alen-
dronate sodium or calcitonin can significantly reduce the side effects such as 
fever, bone/joint pain, flu-like symptoms caused by first-time zoledronic acid 
therapy. Raloxifene sequential treatment does not seem to have decreased or 
increased the side effects of zoledronic acid treatment. Also, sequential treat-
ment can improve the patient compliance with a second dose of zoledronic 
acid. 
 

Keywords 
Zoledronic Acid, Alendronate Sodium, Raloxifene, Calcitonin,  
Postmenopausal, Osteoporosis, Adverse Reaction 

 

1. Introduction 

Presently, anti-reabsorption medications are most widely used for treating os-
teoporosis. Zoledronic acid (Aclasta) is a common clinical anti-reabsorption 
medication. As a third generation of bisphosphonates (BPs), it outperforms the 
previous nitrogen-containing BPs in improving patients’ balance and quality of 
life by inhibiting bone reabsorption and increasing bone mineral density (BMD) 
[1] [2]. It is administrated via intravenous drip infusion once a year, which, 
therefore, brings good compliance with treatment. However, those who have 
been treated with zoledronic acid intravenously are likely to suffer from acute 
side effects, such as fever, bone and joint pain and flu-like symptoms, especially 
after the first administration [3]. Although the common adverse reactions gen-
erally disappear within 72 h, or in rare cases, last 7 to 10 days without recur-
rence, they have serious impacts on the aging population, especially those with 
underlying diseases. Thus, the patients who are afraid of any adverse reactions or 
have suffered from any side effects during the first administration may show 
poor compliance with the second dose and refuse the clinical application of zo-
ledronic acid. It can be observed from relevant clinical reports that the 
acute-phase response is less prevalent among the patients who have received 
other anti-reabsorption medications, and no significant adverse event occurs af-
ter the first administration of zoledronic acid. This study aims to investigate 
whether sequential regimen, namely, traditional anti-reabsorption medications 
(alendronate sodium, calcitonin or raloxifene) followed by zoledronic acid could 
reduce or mitigate the acute side effects brought by zoledronic acid administra-
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tion in postmenopausal patients with osteoporosis. 

2. Materials and Methods 
2.1. Subjects 

The clinical data of 156 postmenopausal patients with osteoporosis who pre-
sented at our osteoporosis outpatient clinic between January 1, 2015 and June 
2017 were analyzed in this study. These patients were postmenopausal women 
aged 50 to 80 (mean age = 68.5 ± 8.3). Prior to the initial diagnosis, dual-energy 
X-ray absorptiometry (DXA) was used to test each patient’s bone density (lum-
bar vertebra and femur) and the measured values were considered to be diagno-
sis and inclusion criteria. Patients were eligible for inclusion if bone mineral 
density T-score was no greater than −2.5 or T-score was less than −1.0 with 
preexisting fragility fractures and definite systemic symptoms such as back pain 
or height loss. Other inclusion criteria include: 1) normal blood calcium; 2) 
creatinine clearance rate (CCR) > 35 ml/min. Meanwhile, it should be the first 
time for each patient to receive zoledronic acid with informed consent. Exclu-
sion criteria: 1) previous use (within six months before treatment) of estrogen, 
glucocorticoid (GC), calcitonin and other BPs that might influence one’s bone 
metabolism; 2) diabetes and endocrine disorders of thyroid, parathyroid, adrenal 
gland or gonad; 3) CCR ≤ 35 ml/min; 4) secondary osteoporosis; 5) an allergy to 
zoledronic acid, alendronate sodium, calcitonin or raloxifene. 

2.2. Methods 

This was an open, randomized, placebo-controlled, prospective study involving 
postmenopausal women with osteoporosis who were divided into a control 
group, an alendronate sodium zoledronic acid sequential group (alendronate 
group), a calcitonin zoledronic acid sequential group (calcitonin group) and a 
raloxifene zoledronic acid sequential group (raloxifene group). Each patient was 
administrated Caltrate (600 mg/d) and calcitriol (0.25 ug/d) at baseline and then 
assigned to receive zoledronic acid (5 mg as an IV infusion) after three months. 
The patients used Caltrate and calcitriol at baseline during the first three months 
formed the control group; during this course of treatment, other patients were 
respectively assigned to receive baseline concomitant medications including 70 
mg alendronate sodium orally once a week (alendronate group), nasal spray 
form of salmon calcitonin 100iu per day (calcitonin group), and 60 mg ralox-
ifene orally per day (raloxifene group). 

The abovementioned medications were administrated in strict accordance 
with relevant instructions. The patients were recommended to drink plenty of 
water during the day of infusion and received hydration (0.9% NS 250 ml) prior 
to zoledronic acid administration via intravenous drip infusion (5 mg/100 ml) 
over 15 min and rehydration (0.9% NS 250 ml). 

Zoledronic acid (Aclasta) is Novartis’ once-yearly injection that provides 
fracture protection in postmenopausal osteoporosis. Alendronate sodium (Fo-

https://doi.org/10.4236/ojpm.2018.87018


J. M. Deng, D. M. Cai et al. 
 

 

DOI: 10.4236/ojpm.2018.87018 192 Open Journal of Preventive Medicine 
 

samax) is a once-weekly medicine developed and manufactured by Merck & Co 
for the treatment of osteoporosis. Calcitonin-salmon (Miacalcin) nasal spray is a 
Novartis product for postmenopausal osteoporosis treatment. Raloxifene (Evis-
ta) is produced by Eli Lilly and Company. Caltrate is supplied by Pfizer Con-
sumer Healthcare in China. Calcitriol (Rocaltrol) is purchased from Shanghai 
Roche Pharmaceuticals Ltd. Bufferin Plus produced by Sino-American Shanghai 
Squibb Pharmaceuticals Co., Ltd. was used in the NSAIDs trial. 

2.3. Outcome Measures 

Relevant parameters including pain score, adverse reaction, blood calcium, renal 
function and β-cross of each patient were monitored prior to zoledronic acid 
administration in the third month; the adverse reactions caused by zoledronic 
acid, such as fever, bone and joint pain, flu-like symptoms, arrhythmia, use of 
NSAIDs, post-treatment blood calcium level and renal impairment, were docu-
mented a week after the administration. A follow-up visit questionnaire was dis-
tributed to each participant and collected on the spot. The monitoring indicators 
are as follows: 

1) Fever: Before intravenous infusion, each patient was required to take her 
axillary temperature with a mercurial thermometer for 10min to identify wheth-
er she had a fever or not. A patient who had a fever prior to zoledronic acid ad-
ministration was ineligible for the study. When a patient had received zoledronic 
acid via intravenous drip infusion for 15 min, her axillary temperature should be 
taken again with the same mercurial thermometer. An axillary temperature 
higher than 37.4˚C was considered to be a fever. For those with normal body 
temperatures, their axillary temperatures should be taken hourly within four 
hours. If a patient felt like having a fever, she should monitor her own axillary 
temperature; otherwise, the patient was required to respectively take her axillary 
temperature at 10:00 of the day following the administration and then at 15:00 
on the day after that. In the following five days, those with normal body temper-
atures during the previous two days were required to take their axillary temper-
atures at 10:00 every day. Anyone having a fever during the week after zoledron-
ic acid administration sought medical attention from the researchers as required. 
When one’s body temperature exceeded 38.5˚C, NSAIDs could be applied if ap-
propriate. 

2) Bone and joint pain: This category of monitoring indicators includes back 
pain and knee joint pain. 

3) Flu-like symptoms: After zoledronic acid administration, some might suffer 
from fever (body temperature above 37.5˚C) accompanied with chills, exhaus-
tion, headache, dizziness, body aches and catarrh, or odynophagia, snuffling, 
rhinorrhea, nausea, vomiting, depraved appetite, diarrhea and abdominal pain. 

4) Arrhythmia: In case of palpitation and chest distress, one should promptly 
receive ECG at the hospital. 

5) The blood calcium level, renal function and β-cross of each patient were 
measured upon enrollment and three months later. Then, the renal function and 
blood calcium level were tested again a week after zoledronic acid treatment. 
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6) The follow-up visit questionnaire was distributed to investigate how many 
patients agreed to receive a second dose of zoledronic acid. 

When a patient’s body temperature reached 37.4˚C and above, she was 
deemed to have a fever, which was further classified as low fever (37.4˚C - 
38.0˚C), moderate fever (38.1˚C - 39.0˚C), ardent fever (39.1˚C - 41.0˚C) and 
hyperpyrexia (above 41.0˚C). 

Myosalgia, arthralgia and headache: The Visual Analogue Scale (VAS) was 
used for pain assessment. VAS (4-point scale): 1-No pain; 2-Mild pain (without 
affecting sleep); 3-Moderate pain (affecting sleep at a tolerable degree); 4-Severe 
pain (intolerable, unable to fall asleep). 

2.4. Statistical Analysis 

The statistical analysis software SPSS 22.0 was employed to analyze the patients’ 
general information and body temperatures in this study. To be specific, the 
t-test was applied to the intergroup comparison of measurement data while that 
of enumeration data was performed by means of the chi-square test to illustrate 
the difference between the three sequential groups and the control group in the 
prevalence of adverse reactions. P < 0.05 indicated a difference of statistical sig-
nificance. 

3. Results 
3.1. General Information 

All patients made full participation in the study without withdrawal and no sig-
nificant adverse reaction was observed during the first three months of treat-
ment at baseline. As shown in Table 1, there is basically no marked adverse 
reaction within the abovementioned course of treatment. According to the  
 

Table 1. Patients’ general information by group. 

 Control Group Alendronate Group Calcitonin Group Raloxifene Group 
F-value P-value 

Number of cases 39 39 39 39 

Age (yr) 70.5 ± 8.4 67.8 ± 9.3 67.4 ± 8.1 68.4 ± 7.4 1.087 0.356 

BMI 22.25 ± 0.123 22.07 ± 3.06 21.88 ± 2.88 2.39 ± 2.66 0.231 0.875 

L2-4BMD 0.792 ± 0.123 0.793 ± 0.12 0.783 ± 0.102 0.797 ± 0.110 0.101 0.859 

Femoral neck BMD 0.606 ± 0.087 0.613 ± 0.108 0.583 ± 0.195 0.604 ± 0.088 0.396 0.756 

Pre-treatment VAS 1.51 ± 0.601 1.54 ± 0.682 1.46 ± 0.682 1.36 ± 0.584 0.601 0.615 

Pre-treatment CCR 56.232 ± 16.10 58.64 ± 14.00 60.81 ± 14.77 61.07 ± 12.04 1.119 0.343 

Pre-treatment Ca 2.30 ± 0.07 2.31 ± 0.11 2.32 ± 0.10 2.29 ± 0.09 1.38 1.25 

β-cross 0.427 ± 0.166 0.424 ± 0.162 0.415 ± 0.122 0.419 ± 0.121 0.025 0.995 

Note: Age unit: year (yr); BMI unit: kg/m2; Ca unit: mmol/L; CCR = [(140 − age) × weight (kg)]/[0.818 × Scr (umol/L)] × 0.85; BMD unit: mg/cm2. 
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one-way ANOVA concerning each group’s age, BMI, BMD, pre-treatment pain 
score, pre-treatment CCR, blood calcium (Ca) level and β-cross, all intergroup P 
values are greater than 0.05, that is, the intergroup differences show no statistical 
significance but comparability. 

3.2. Adverse Reactions a Week after Intravenous Drip Infusion of  
Zoledronic Acid 

According to the data about fever in Table 2, there are fewer cases of fever in the 
alendronate group and calcitonin group than the control group. For the compari-
son between the alendronate group and the control group, x2 = 10.40 and P = 
0.001; as to the comparison between the calcitonin group and the control group, x2 
= 6.724 and P = 0.010, there are statistically significant differences between the 
control group and the two sequential groups. On the other hand, the difference 
between the raloxifene group and the control group shows no statistical signi-
ficance (x2 = 3.021, p = 0.082). In terms of fever peak value, when comparing the 
control group with the sequential groups, the P-values are respectively 0.002 
(control group vs. alendronate group), 0.004 (control group vs. calcitonin group) 
and 0.06 (control group vs. raloxifene group). In other words, each of the alen-
dronate and calcitonin groups has a lower fever peak value than the control 
group. The difference between the control group and each sequential group in 
onset and duration of fever is not statistically significant. As to bone and joint 
pain VAS1-3 (pre and post-treatment), the P-values are respectively 0.001 (con-
trol group vs. alendronate group), 0.002 (control group vs. calcitonin group) and 
0.15 (control group vs. raloxifene group), which suggests that alendronate so-
dium and calcitonin can ease the acute-phase pain in the zoledronic acid-treated 
subjects. With regard to flu-like symptoms, the P-values are respectively 0.01 
(control group vs. alendronate group), 0.03 (control group vs. calcitonin group) 
and 0.055 (control group vs. raloxifene group). Compared to the control group, 
the flu-like symptoms are substantially reduced in the alendronate and calcito-
nin groups, and the difference is of statistical significance. Basically, no increased  
 

Table 2. Acute-phase adverse reactions a week after zoledronic acid treatment. 

 
Number of 

Cases 
Fever 

(Case(s)/%) 
Average Fever 

Peak Value (˚C) 
Onset of Fever 

(h) 
Duration of 

Fever (h) 
Bone and Joint 
Pain (VAS1-3) 

Flu-like 
Symptoms 

(Case(s)/%) 

Renal  
Function 

Impairment 
Arrhythmia 

Control group 39 15/38.5 38.5 ± 0.4 19.3 ± 12.9 21.7 ± 11.1 −0.308 ± 0.766 12/30.8 0/0 0/0 

Alendronate 
group 

39 3/7.7* 37.9 ± 0.2* 20.0 ± 8.7× 15.8 ± 8.2× 0.282 ± 0.514* 2/5.1* 0/0 0/0 

Calcitonin 
group 

39 5/12.8* 38.0 ± 0.2 * 16.6 ± 7.3× 17.0 ± 9.8× 0.256 ± 0.549* 3/7.7* 0/0 0/0 

Raloxifene 
group 

39 8/20.5× 38.0 ± 0.9× 18.0 ± 6.7× 20.7 ± 8.7× 0.103 ± 0.447× 5/12.8× 0/0 0/0 

Note: VAS1-3 denotes the decrease in the pain scores of the patients after zoledronic acid treatment compared to that upon enrollment; * indicates a statis-
tically significant difference between the corresponding sequential group and the control group (P < 0.05); × suggests that the difference between a given 
sequential group and the control group shows no statistical difference (P > 0.05). 
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creatinine or arrhythmia was reported during the treatment course. To sum-
marize, pretreatment with alendronate sodium and calcitonin can reduce the 
occurrence of fever, bone and joint pain and flu-like symptoms following the 
first zoledronic acid infusion; however, raloxifene has no such effects. 

3.3. Intergroup Comparison of Ca, CCR and β-Cross a Week after  
Treatment 

As shown in Table 3, the decline in β-cross of each sequential group after treat-
ment is statistically significant compared to that of the control group. This indi-
cates that alendronate, calcitonin and raloxifene can inhibit bone reabsorption 
by reducing β-cross to a given level. Through analysis, no statistically significant 
difference is observed between the sequential groups and the control group in 
the pre and post-treatment CCRs and Ca. The P-value concerning the difference 
between the pre and post-treatment Ca and CCRs of each sequential group and 
that of the control group is greater than 0.05, that is, the renal function and Ca of 
each group are not affected by the medications. 

3.4. NSAIDs Use 

Table 4 shows the NSAIDs use reduced by alendronate and calcitonin after the 
initial zoledronic acid administration. 

3.5. Intergroup Comparison of Willingness to Receive a Second  
Dose of Zoledronic Acid 

Table 5 reveals the number and proportion of the patients in each group who 
agreed to receive a second dose of zoledronic acid. By comparison, there is a sta-
tistically significant difference between each sequential group and the control 
group in this respect, which suggests a marked increase in compliance after the 
corresponding sequential treatment. Among those who refused a second infu-
sion, a large number of these patients were worried about the zoledronic  
 

Table 3. Differences between pre and post-treatment β-cross, Ca and CCRs by group. 

 Number of cases β-cross1-2 Ca1-3 CCR1-3 P1 P2 P3 

Control group 39 −0.008 ± 0.052 0.027 ± 0.064 0.412 ± 3.642 - - - 

Alendronate group 39 0.144 ± 0.119 0.029 ± 0.090 1.614 ± 2.948 0.001 0.506 0.113 

Calcitonin group 39 0.123 ± 0.0750 0.038 ± 0.062 0.653 ± 4.918 0.001 0.32 0.807 

Raloxifene group 39 0.124 ± 0.079 0.037 ± 0.090 0.478 ± 9.287 0.001 0.243 0.967 

Note: β-cross1-2 means the difference between the β-cross values upon enrollment and after zoledronic acid treatment; Ca1-3 refers to the decrease in the Ca 
level of each group upon enrollment and a week after zoledronic acid administration; CCR1-3 represents the difference between the CCRs upon enrollment 
and a week after the treatment. P1, P2 and P3 respectively express the P-values based on the comparison of the abovementioned indicators (β-cross1-2, Ca1-3 
and CCR1-3) between each sequential group and the control group. 
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Table 4. Comparison of NSIADs use by group. 

Group 
NSAIDs Use Proportion 

No Yes  

Control group 27 12 30.8% 

Alendronate group 36 3 7.7% 

Calcitonin group 37 2 5.1% 

Raloxifene group 32 6 14.0% 

Total 132 24 15.4% 

Note: The chi-squared test results are as follows: control group vs. alendronate group: x2 = 6.686, P = 0.01; 
control group vs. calcitonin group: x2 = 8.705, P = 0.03; control group vs. raloxifene group: x2 = 0.375, P = 
0.066. 

 
Table 5. Intergroup comparison of willingness to receive a second dose of zoledronic ac-
id. 

 
Agree  

(Cases/%) 

Disagree (Cases & Reasons) 

Adverse  
Reaction 

Medical  
Expense 

Preference for 
Medicines in Use 

Lack of 
Self-awareness 

Control group 25/64.1% 12 1 0 1 

Alendronate 
group 

37/94.5%* 1 1 0 0 

Calcitonin 
group 

34/87.2%* 2 1 2 0 

Raloxifene 
group 

34/87.2%* 5 0 0 0 

Note: The chi-squared test results are as follows: control group vs. alendronate group: x2 = 11.323, P = 0.03; 
control group vs. calcitonin group: x2 = 5.636, P = 0.018; control group vs. raloxifene group: x2 = 5.636, P = 
0.018. The difference between each sequential group and the control group shows statistical significance. 

 
acid-associated adverse reactions while others might make such a decision be-
cause they could not afford the medical costs or lacked a sufficient awareness of 
relevant diseases. Hence, to increase patient compliance with zoledronic acid 
treatment, the possible adverse reactions, as well as the patient’s financial situa-
tion, should be taken into account. 

4. Discussion 

As zoledronic acid becomes an extensively used clinical medication, an increas-
ing number of reports on relevant adverse reactions caused by zoledronic acid, 
especially the acute-phase one, are presented to the public. Reid, et al. carried 
out a multicenter international trial involving 7765 postmenopausal women with 
osteoporosis to explore the characteristics of the acute-phase response (APR) af-
ter zoledronic acid, and found that 42.7% of the zoledronic acid group had a 
fever or flu-like symptoms after the first infusion, compared with 11.7% of the 
placebo group. Despite the fact that most APR components were rated as mild or 
moderate, severe adverse events occurred in 30 zoledronic acid-treated subjects 

https://doi.org/10.4236/ojpm.2018.87018


J. M. Deng, D. M. Cai et al. 
 

 

DOI: 10.4236/ojpm.2018.87018 197 Open Journal of Preventive Medicine 
 

[4]. According to the previous studies on the adverse reactions brought by zole-
dronic acid, it is widely accepted that the IV dose of zoledronic acid is that, on 
one hand, 25 - 114 times more efficient than alendronate sodium in osteoclast 
proliferation inhibition and apoptosis acceleration by suppressing the biosyn-
thesis initiated by farnesyl pyrophosphate (FPP) [5]; on the other hand, zole-
dronic acid acts on peripheral blood monouclear cells (PBMCs) to realize rapid 
accumulation of the upstream geranylgeranyl pyrophosphate (GGPP) and di-
methylallyl pyrophosphate (DMAPP) while it is bound with T-cell receptors to 
activate T cells, thereby promoting the proliferation of T cells and the release of 
tumor necrosis factor (TNF) α and interleukin-6 (IL-6) that ultimately lead to an 
inflammation. Clinically, the common adverse reactions associated with zole-
dronic acid include fever, flu-like symptoms and myalgia. These adverse reac-
tions disappear as the inflammatory substances are cleared within a short time 
[6] [7]. Also, it is reported that the peaks in plasma IL-6 were correlated with the 
peaks in temperature and in serum CRP values [8]. Based on the abovemen-
tioned studies and the clinical findings, the occurrence of acute-phase adverse 
reactions has been significantly reduced in the patients with a history of 
non-zoledronic acid anti-reabsorption medications after zoledronic acid treat-
ment or a second infusion. This study attempts to develop an appropriate se-
quential regimen that reduces the adverse reactions caused by the first dose of 
zoledronic acid. 

Fever and flu-like symptoms: after sequential treatment, there were fewer cas-
es of zoledronic acid-related fever and flu-like symptoms in the alendronate and 
calcitonin groups and lower peaks in temperature. As to the onset and duration 
of fever, it basically occurred within two days after infusion and disappeared 
three days later. There is no statistically significant difference between each se-
quential group and the control group. Adami, S., et al. indicated that the 
acute-phase response (APR) caused by zoledronic acid administration was asso-
ciated with the lowest dose; besides, the APR would be provoked by a given dose 
only, which, at the same time, would render cells insensitive to further stimula-
tion for several months [9]. As anti-reabsorption medications, zoledronic acid 
outperforms alendronate sodium and calcitonin in inhibiting bone reabsorption 
[10]. Therefore, the alendronate sodium or calcitonin administration three 
months before zoledronic acid also contributed to the inhibited bone reabsorp-
tion and slowed down bone metabolism by suppressing osteoclast proliferation; 
on the other hand, alendronate sodium and calcitonin could desensitize inflam-
matory cells without bringing forth a fever or flu-like symptoms, in which way 
they ultimately reduced relevant APRs and lowered the peaks of temperature 
following the first zoledronic acid administration. β-cross was a bone reabsorp-
tion inhibition marker in this study. Through statistical analysis, there is a de-
cline in the β-cross after sequential treatment with different medications. The 
difference between each sequential group and the control shows statistical signi-
ficance. However, no statistically significant difference is observed between the 

https://doi.org/10.4236/ojpm.2018.87018


J. M. Deng, D. M. Cai et al. 
 

 

DOI: 10.4236/ojpm.2018.87018 198 Open Journal of Preventive Medicine 
 

raloxifene group and the control group in fever and flu-like symptoms. This is 
probably associated with the mechanism of action of raloxifene and the above-
mentioned APR. As a second-generation selective estrogen receptor modulator 
(SERM), raloxifene has estrogenic action on bones by binding with the estrogen 
receptor. The gene expression of transforming growth factor-β (TGF-β) is 
up-regulated to inhibit the proliferation and differentiation of the precursor cells 
of osteoclasts and suppress osteoclast formation; besides, raloxifene may directly 
deactivate mature osteoclasts with hyperoxides, thereby inhibiting bone reab-
sorption and increasing bone density [11]. Also, such APRs as flushes and 
flu-like symptoms may occur after raloxifene. According to a meta-analysis of 
the therapeutic efficacy of raloxifene on postmenopausal osteoporosis, a total of 
11 randomized controlled trials suggested that raloxifene-related APRs included 
flushes and flu-like symptoms [12]. In this study, the raloxifene group did not 
complain of obvious flushes and flu-like symptoms during the three-month 
treatment probably because raloxifene is not an effective inhibitor of bone reab-
sorption. By intergroup comparison of the β-cross values before and after the 
corresponding treatment, raloxifene is not as efficient as the other two medica-
tions in inhibiting bone reabsorption. Therefore, there is no significant differ-
ence in APR between the sequential group and the control group. Although the 
difference between the raloxifene group and the control group in the data about 
fever and flu-like symptoms is not statistically significant, the study results reveal 
a notable decline in the cases of fever and flu-like symptoms in the raloxifene 
group. Therefore, the insignificant difference between the two groups might be 
associated with the number of patients and further study in a greater scale. And 
it is required to determine the therapeutic efficacy of raloxifene through clinical 
observation. 

Osteoporosis has been called the “silent killer” because early stages of the dis-
ease are difficult to detect and diagnose. In this study, the severity of bone pains 
was largely rated as no pain and mild; in most cases, the patients only reported 
significant bone pains when fractures occurred. Primary osteoporosis is a 
long-term, chronic condition. The pathogenesis of bone pains mainly includes 1) 
destruction of bone microstructure and secondary muscle spasm caused by ex-
cessive bone transformation, primarily bone reabsorption, and 2) fractures, es-
pecially fragility and compression fractures of vertebral body and fracture of hip. 
With regard to the acute-phase bone and joint pain in some patients after zole-
dronic acid administration, it is mainly contributed by inflammatory factors and 
thus can be gradually mitigated by clearing the inflammatory factors. From the 
study results, alendronate sodium and calcitonin can reduce the occurrence of 
acute-phase pains following zoledronic acid treatment. Alendronate sodium is 
considered a second-generation bisphosphonate that adheres to the bone surface 
and eases bone pains by inhibiting bone reabsorption and osteoclasia. Calcito-
nin-salmon is a synthetic polypeptide of 32 amino acids in the same linear se-
quence that is found in calcitonin of salmon origin. It can combine with the cal-
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citonin receptor in osteoclasts, which not only inhibits the development and ac-
tivity of osteoclasts, but also encourages osteoclasts to produce a massive num-
ber of cyclic adenosine monophosphates (CAMPs) to activate protein kinases 
(PKs), thereby suppressing bone reabsorption and alleviating the bone and joint 
pain [13] [14]. It is also reported that calcitonin acts on the nerve center to in-
crease the β2-EP concentration and relieve pain by combining β2-EP and the 
opioid receptor. Apart from this, it has been clinically proved that calcitonin acts 
on the hypothalamus with specific receptors to regulate the sense of pain in the 
central nervous system [10]. Therefore, calcitonin is an appropriate medication 
for osteoporosis with a clinically significant pain. However, the possible APR 
(e.g., flushes, nausea) reduces the compliance with daily use of calcitonin. In this 
case, a sequential regimen can be adopted by replacing calcitonin with zoledron-
ic acid. 

In terms of NSAIDs use, there was a sharp decline in the alendronate and cal-
citonin groups, which is associated with the decreased adverse reactions such as 
fever, flu-like symptoms and bone and joint pain. Further, alendronate sodium 
is able to lower the peaks of temperature while calcitonin plays a significant role 
in relieving bone pains. 

Zoledronic acid may reduce the blood calcium level and lead to such symp-
toms of acalcerosis as a tic of limbs. In fact, since each patient had a normal 
blood calcium level upon enrollment and received Caltrate and calcitriol before 
zoledronic acid, no hypocalcemia occurred within the course of treatment. On 
this basis, Ca and Vitamin D supplementation plays an important part in main-
taining blood calcium in the normal range and preventing hypocalcemia after 
zoledronic acid treatment even though a meta-analysis indicates that Ca and Vi-
tamin D supplementation cannot reduce the risk of osteoporosis and fractures 
[15]. 

The correlation between zoledronic acid and arrhythmia, especially atrial fi-
brillation, remains controversial. In UK, the zoledronic acid-treated patients are 
informed that the medication may elevate the risk of atrial fibrillation because of 
a clinical trial where it is found that female patients having received IV infusion 
of zoledronic acid are exposed to a higher risk of the disease [16]. Kim, D.H., et 
al. performed a meta-analysis to investigate the correlation between bisphos-
phonates and cardiovascular (CV) events and drew a conclusion that bisphos-
phonates did not have beneficial or harmful effects on atherosclerotic CV events, 
but zoledronic acid might modestly increase the risk of atrial fibrillation [17]. 
According to another meta-analysis, there is no association between bisphos-
phonate exposure and atrial fibrillation [18]. In this study, no patient had atrial 
fibrillation. This implies that atrial fibrillation is indeed a rare case, and the se-
quential regimen does not necessarily mean an elevated risk of arrhythmia. 
Nevertheless, the absence of atrial fibrillation is probably related to the inclusion 
criteria that consider those with heart diseases, especially arrhythmia, ineligible 
candidates for the study and the Ca supplement provided for the patients to en-
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sure their blood calcium levels. 
The renal impairment associated with zoledronic acid is another cause for 

concern. In US, it is reported that the zoledronic acid-treated patients may suffer 
from relevant renal injury and even renal failure. The cases with acute deteriora-
tion of renal function associated with zoledronic acid treatment between 2001 
and 2004 were drawn by French scholars from the French Adverse Event Re-
porting System database. A total of 71 adverse events were identified, including 
seven patients who had experienced renal impairment after various durations of 
zoledronic acid therapy (1 - 120 days). Among these adverse events, three were 
acute deterioration of preexisting chronic renal failure, another three expe-
rienced complete recovery and one reported partial recovery of previous renal 
function. The chronic renal impairment led to a fatal outcome in two cases. The 
study indicated that the risk factors for zoledronic acid-associated renal impair-
ment included multiple myeloma, preexisting renal insufficiency, concomitant 
use of nephrotoxic drugs, insufficient hydration during treatment and a short IV 
infusion time (<15 min). According to the study, although renal impairment is 
not commonly seen in the zoledronic acid-treated patients, the therapy has se-
vere adverse effects. In fact, these adverse reactions are quite rare [19]. To prove 
this point, the participants with CCR < 35 ml/min and serious underlying dis-
eases were selected to take part in the trial where sufficient hydration was per-
formed before and after zoledronic acid administration and the patients were 
reminded to drink plenty of water after treatment. During the trial, no acute de-
terioration of renal function occurred in these patients. This has demonstrated 
that renal impairment is seldom caused by zoledronic acid and the sequential 
regimen does not increase the risk of zoledronic acid-associated renal impair-
ment. Clinical screening should be conducted before treatment to identify 
whether zoledronic acid is suitable for a patient. During zoledronic acid treat-
ment, regular monitoring of renal function is required, with particular attention 
to patients with preexisting impaired renal function. Undeniably, it requires 
further observation to verify whether the renal function documented a week af-
ter the treatment is a valid indicator for this study. 

Alendronate sodium should be taken once weekly after an overnight fast and 
the patient should stand upright for at least 30 minutes after administration and 
ensure full awareness of any potential APR of the digestive tract; calcito-
nin-salmon nasal spray should be used daily while the patient should be aware of 
such adverse reactions as flushes and allergic response; raloxifene should be 
taken daily, with the potential side effects including flushes and flu-like symp-
toms. These adverse reactions are likely to reduce patient compliance with the 
abovementioned medications. Since zoledronic acid is a once-yearly infusion, 
patients are more likely to have good compliance with its administration and re-
levant precautions. However, the acute-phase response after zoledronic acid may 
reduce the compliance. In this study, different sequential regimens comprising 
zoledronic acid and other medications were used to persuade the patients into 
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receiving a second dose of zoledronic acid, thereby increasing their compliance 
with the treatment. Through analysis, those who refused a second infusion were 
basically worried about the zoledronic acid-associated adverse reactions; some 
required further information of relevant diseases because they assumed that the 
course of treatment only included a single infusion; some decided not to receive 
a second dose of zoledronic acid for financial reasons. Despite the insignificant 
difference in APR between the raloxifene group and the control group, a greater 
number of the patients in the raloxifene group expressed their willingness to re-
ceive a second infusion. The main reason for such a shift of attitudes lies in the 
poor compliance with the daily administrated raloxifene. 

5. Limitations 

Several limitations of this study should be noted. All patients were under obser-
vation for one week only, with the common APRs as the monitoring indicators. 
The results of the trial are inevitably affected by the inherently subjective pa-
tients. Further analysis is required to investigate the long-term, zoledronic ac-
id-associated adverse events or the effect on the long-term BMD. Besides, the 
statistical analysis might be underrepresented because a relatively small number 
of patients were included in each group. 

6. Conclusion 

Osteoporosis is a chronic disease that requires life-long treatment and good 
compliance. Patients showing poor compliance are more likely to experience 
fractures and relevant inconvenience caused by the disease [20]. If zoledronic 
acid is suitable for a patient who has reported low tolerance to the zoledronic 
acid-associated APR or anxiety after the first infusion, alendronate sodium or 
calcitonin can be administrated within a three-month course of treatment before 
zoledronic acid. The sequential treatment has been proved to effectively reduce 
such adverse reactions as fever, flu-like symptoms and bone pains triggered by 
zoledronic acid. Therefore, the sequential regimen with good patient compliance 
is considered a favorable solution to the long-term treatment of osteoporosis. 
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Patient Information 

Group  Date of Enrollment  

Name  Medical Record No.  

Sex  Age  

Weight  Tel  

Underlying Disease(s)  

Medication History  

Lumbar spine BMD  Hip BMD  

VAS upon Enrollment  β-cross upon Enrollment  

Ca upon Enrollment  
Creatinine upon  

Enrollment 
 

Pre-treatment Adverse 
Reactions 

 

Pre-treatment VAS  Pre-treatment β-cross  

Pre-treatment Ca  Pre-treatment Creatinine  

Pre-treatment Body  
Temperature 

 
Post-treatment Body  

Temperature  
(peak temperature) 

 

Onset  Duration  

Post-treatment VAS 
(a week after injection) 

 

Post-treatment Ca  
(a week after injection) 

 
Post-treatment Creatinine  

(a week after injection) 
 

Pharmaceutical  
Intervention 

□ Yes □ No 

Adverse Reactions (e.g., 
palpitation, oliguria, tics) 

□ Yes □ No 

Fill-in Date  
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Questionnaire on Zoledronic Acid Treatment (Group _____) 

Instructions: Please complete the following questions to reflect your opinions as 
accurately as possible and to answer factual questions to the best of your know-
ledge a week after the administration of Zoledronic Acid. 

1) Did you strictly follow the doctor’s advice? 

A. Yes  B. No 

2) Did you adhere to the three-month medication before intravenous injection 
of Zoledronic Acid? 

A. Yes  B. No  C. Not really (missing one or several doses) 

3) Why did you fail to adhere to the medication/miss one or several doses? 

A. I forgot to take the medicine.  
B. I was afraid of relevant side effects.  
C. I didn’t feel like taking the medicine. 

4) Did you notice any adverse reactions during the three-month medication 
before intravenous injection of Zoledronic Acid? 

A. Yes (go to Question 5)  B. No (go to Question 6) 

5) What specifically are the main adverse reactions triggered by the medica-
tion before intravenous injection of Zoledronic Acid? 

A. Fever (□ Mild; □ Moderate; □ Severe) 
B. Bone pains (VAS: □ 1; □ 2; □ 3; □ 4) 
C. Abdominal pain, nausea D. Rhinitis, rhinorrhea 
E. Rash    F. Other (please specify) ____________ 

6) Did you notice any adverse reactions following the intravenous injection of 
Zoledronic Acid? 

A. Yes (go to Question 7)  B. No (go to Question 8) 

7) What specifically are the main adverse reactions caused by the injection? 

A. Fever (□ Mild; □ Moderate; □ Severe) 
B. Bone pains (VAS: □ 1; □ 2; □ 3; □ 4) 
C. Flu-like symptoms (including fever, chills, exhaustion, body aches and ca-

tarrh, rhinorrhea, sneezing abdominal pain, nausea) 
D. Palpitation E. Oliguria 
F. Rash  H. Other (please specify) ____________ 

8) Based on your experience of the intravenous injection and the oral admin-
istration, which do you prefer? 

A. Non-intravenous injection (e.g., oral administration, nasal spray)  
B. Intravenous injection 

9 Are you willing to take a second dose of Zoledronic Acid in the following 
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year? (Note: Patients with osteoporosis are generally recommended to receive 
three consecutive doses of Zoledronic Acid.) 

A. Yes  B. No  C. Not sure 

Please specify the reason for your answer to Question 8:  
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________ 
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