Hindawi

Journal of Osteoporosis

Volume 2021, Article ID 9492883, 7 pages
https://doi.org/10.1155/2021/9492883

Research Article

Characteristics Associated with Acute-Phase Response following
First Zoledronic Acid Infusion in Brazilian

Population with Osteoporosis

Bruno S. A. Ferreira(®,! Bernardo M. da Cunha ®,> Luciana P. Valadares ®,’

Larissa A. Moreira,” Frederico G. A. Batista,* Cristiane da F. Hottz,” Marina M. P. Lins,’
Gabriel G. R. Magalhéies,5 Luanna M. de Arruda,® and Sergio H. R. Ramalho 7

'Rheumatology Private Office, Teresopolis 25963-081, Brazil

’Department of Internal Medicine-Rheumatology, Sarah Network of Rehabilitation Hospitals, Brasilia 70335-901, Brazil
*Department of Internal Medicine-Endocrinology, Sarah Network of Rehabilitation Hospitals, Brasilia 70335-901, Brazil
“Department of Internal Medicine-Nutrology, Sarah Network of Rehabilitation Hospitals, Brasilia 70335-901, Brazil
*Department of Internal Medicine-Gerontology, Sarah Network of Rehabilitation Hospitals, Brasilia 70335-901, Brazil
®Department of Internal Medicine-Palliative Care, Sarah Network of Rehabilitation Hospitals, Brasilia 70335-901, Brazil
7Department of Clinical Research, Coordinator, Hospital Brasilia DASA, Brasilia 71681-603, Brazil

Correspondence should be addressed to Bruno S. A. Ferreira; brunosarafer@gmail.com
Received 26 July 2021; Revised 18 November 2021; Accepted 17 December 2021; Published 29 December 2021
Academic Editor: Rimesh Pal

Copyright © 2021 Bruno S. A. Ferreira et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

We aimed to evaluate characteristics associated with acute-phase response (APR) following first zoledronic acid infusion in a
Brazilian cohort. This retrospective cohort study enrolled all adults with osteoporosis who underwent a first zoledronic acid
infusion at our centre between June 2015 and June 2019. Clinical demographics (age, sex, diabetes, smoking, body mass index,
and previous oral bisphosphonate use) and laboratory data (calcium, parathyroid hormone, renal function, and serum
25-hydroxyvitamin D and carboxy-terminal crosslinked telopeptide of type 1 collagen [CTX], both before and after infusion) were
compared between patients with and without APR. We evaluated association magnitude between the presence of APR and clinical
variables through logistic regression. This study enrolled 400 patients (women, 80%). APR was observed in 24.5% (n=98) of
patients. The mean symptom duration in days was 3.5 + 2.8. Patients with APR were younger (67 + 12 vs. 71 + 11 years; p = 0.001),
used oral bisphosphonates less frequently (34% x 50%; p = 0.005), and had greater baseline CTX (0.535 ng/mL [0.375, 0.697] x
0.430 [0.249, 0.681]; p = 0.03) and ACTX (=69 [-76; —50] x =54 [-72; —23]; p = 0.002) than those without APR. The other
variables were similar between the groups. Only ACTX was associated (OR, 0.62; 95% CI 0.41-0.98) with APR after accounting for
age and bisphosphonate use. APR occurred in 24.5% of the cohort. Younger age and absence of prior oral bisphosphonate use were
associated with APR following first zoledronic acid infusion. APR was associated with ACTX (but no other variables) after
adjusting for these factors.

1. Introduction

Osteoporosis is a bone condition caused by a reduction in
bone strength. This disease is highly prevalent worldwide
and causes devastating consequences in terms of health
(fragility, fractures, disability, and death) and healthcare
costs [1-3]. In most cases, oral (alendronate or risedronate)

or venous (zoledronic acid) bisphosphonates are the first-
line therapy [2, 4-6]. This drug class has been administered
to millions of patients and is implemented in the treatment
of virtually all metabolic bone diseases [7].

Zoledronic acid is a venous treatment administered
annually that guarantees full treatment throughout the year
[8]. However, its use is linked to acute-phase reactions
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(APR). Consequently, treatment with zoledronic acid may
decrease adherence to the next dose.

Mechanisms mediating APR require additional study.
Up to now, studies have demonstrated proinflammatory
cytokine (interleukin-1, interleukin-6, tumour necrosis
factor alpha, and interferon gamma) elevation following
bisphosphonate administration (mainly for venous
bisphosphonates: pamidronate and zoledronic acid) [9-13].
These cytokines are primarily released by specific peripheral
blood lymphocytes (yd T cells) [10]. Nevertheless, recent
studies on osteoimmunity have shown a pivotal role of the
macrophage-osteoclast axis in the inflammatory response
[14].

The frequency of such reactions is widely variable
(13-81%) [15, 16] and seems to be influenced by race, age,
vitamin D levels, smoking, diabetes, and prior use of oral
bisphosphonates [17-22]. Some preemptive drugs for re-
ducing the risk of APR were tested in previous investiga-
tions, which found that paracetamol 0.65-1.0 g administered
every 6h for 3 days following infusion demonstrated a
protective effect [23, 24], in contrast to 300 mg of para-
cetamol administered twice daily [16]. Previous studies have
likewise examined dexamethasone (4 mg daily for 3-7 days),
methylprednisolone (40 mg for 2 days), and ibuprofen,
which all demonstrated effectiveness in alleviating symp-
toms [24-26].

Observational studies in real-world scenarios have
demonstrated the importance of providing evidence re-
garding treatment effectiveness and long-term safety outside
controlled research settings [27]. However, data regarding
APR in patients with osteoporosis following their first
zoledronic infusion is scarce, especially in Latin America,
where zoledronic infusion is administered less frequently
than in other regions [15].

Hence, this study aimed to describe the frequency of
APR as well as factors associated with APR in a Brazilian
population with osteoporosis receiving their first zoledronic
acid infusion in daily practice settings.

2. Materials and Methods

We conducted a real-world retrospective cohort study at the
Bone Unit of a tertiary rehabilitation centre in Brasilia,
Federal District, Brazil. Patients with osteoporosis who re-
ceived their first zoledronic acid infusion between June 2015
and June 2019 were considered eligible. We enrolled all
osteoporosis patients who visited our centre; patients were
diagnosed through densitometric and/or clinical criteria
[4, 28, 29]. Patients treated with zoledronic acid for other
metabolic bone diseases (e.g., Paget disease, osteogenesis
imperfecta, and bone fibrous dysplasia) were excluded. We
abstracted clinical and demographic characteristics (age, sex,
diabetes, smoking, body mass index, and previous use of oral
bisphosphonates) and laboratory data (calcium, parathyroid
hormone, vitamin D before and after infusion, carboxy-
terminal crosslinked telopeptide of type 1 collagen [CTX]
before and after infusion, and glomerular filtration rate
according to the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI, creatinine equation)) from

Journal of Osteoporosis

patients’ electronic medical records, including preinfusion
exams collected up to 6 months preceding infusion and
postinfusion exams collected up to 1 year after infusion. Age
was included in models and sensitivity analyses as a con-
tinuous variable and categorised according to tertiles.

Medical guidelines recommend administration of chole-
calciferol to patients with osteoporosis and 25-hydroxyvitamin D
deficiency [30]. The association between low 25-hydroxyvitamin
D levels and APR remains controversial [18-20]. To better
investigate this association, isolated serum 25-hydroxyvitamin D
concentration should ideally be measured immediately
before infusion; however, this is sometimes unfeasible in a
real-life cohort. To better characterise the relationship be-
tween vitamin D levels and APR in our study, we collected
postinfusion values in addition to baseline values. According
to reference categories describing normal (=30 ng/dL) or low
(<30ng/dL) vitamin D values [30], the subset of patients
who had both (pre and post) values available were divided
into two groups: (a) the low-low group, in which levels of
25-hydroxyvitamin D were low before and after infusion
(assuming low values during infusion), and (b) the normal-
normal group, in which both concentrations were normal
(assuming normal levels during infusion). The proportions
of patients in each group were compared based on the
presence or absence of APR using the chi-square test.
Nonetheless, given the aim of this sensitivity analysis, pa-
tients who changed 25-hydroxyvitamin D level status (i.e.,
low levels before infusion and normal levels after infusion, or
normal levels before infusion and low levels after infusion)
were not included this analysis, since we could not pre-
sume patients’ 25-hydroxyvitamin D level status during
the infusion.

We investigated APR following a zoledronic acid dose of
5mg infused in a 100 mL saline solution for 20-30 min.
Patients were administered with paracetamol 750 mg im-
mediately after the infusion and instructed to take it every
6-8h during the following 2-3 days. An acute-phase re-
action was defined as fever, fatigue, malaise, diffuse pain,
headache, and/or digestive symptoms starting within
28-36h after zoledronic acid infusion [9]. The duration of
symptoms was calculated as the average and median of
symptom duration in days.

Continuous data analysis was performed using unpaired
t-test and Mann-Whitney test for normally and non-
normally distributed variables, respectively. For categorical
data, we used the chi-square test. All statistical test pa-
rameters were two-sided, and a p value of 0.05 was con-
sidered the level of statistical significance. The strength of
associations between exposures and APR was tested using
logistic regression models, unadjusted and adjusted for age,
previous oral bisphosphonate use, baseline CTX, and the
difference between baseline and postinfusion CTX (ACTX).
Results were expressed as odds ratios (ORs) and 95%
confidence intervals (CIs). Nonnormally distributed vari-
ables were log-transformed to fit regression models. Sta-
tistical analysis was performed using Stata software version
14 (StataCorp, College Station, TX, USA).

The study was approved by the Ethics Committee of
Sarah Network of Rehabilitation Hospitals (Ethical



Journal of Osteoporosis

Appreciation Presentation Certificate number:
32665420.9.0000.0022) and was performed in accordance
with the tenets of the Declaration of Helsinki.

3. Results

We analysed 400 patients among 428 osteoporosis patients
receiving their first zoledronic acid infusion, since 28 pa-
tients were lost to follow-up or had missing registration
(regardless of whether they had a reaction or not). We
compared both groups (those with and without missing
data) to verify any significant differences (Table 1). The
overall frequency of acute-phase responses was 24.5%, which
were mostly observed in women (Table 2). The average
duration of symptoms was 3.5+ 2.8 days and the median
duration was 3 days. Diabetes was infrequent (14.5%); 227
(57%) patients had never smoked. The mean CTX was
0.516 ng/mL before infusion and 0.218 ng/mL after infusion
(dropping 58% from baseline). The average vitamin D level
was 33.6 ng/mL. The mean eGFR was 60 mL/min.

APR and prior bisphosphonate use were significantly
associated with younger age (Table 2), such that the likeli-
hood of reaction was reduced by 3% per incremental year of
age. Those who used oral bisphosphonates had a 49% re-
duced likelihood of reaction (Table 3). No subject in this
study was on hormone replacement therapy.

CTX preceding infusion was slightly but significantly
higher in patients who had APR (Table 2), although this
association did not persist when accounting for age and
prior oral bisphosphonate use. ACTX was greater in patients
who had APR than in those who did not (Table 2), and this
association persisted even after accounting for age and oral
bisphosphonate use (Table 3).

We did not observe differences between groups for other
clinical or laboratory characteristics (Table 2). Given that
only 258 patients had baseline CTX values and 180 patients
had ACTX measurements, we performed a sensitivity
analysis to identify potential baseline imbalances among
those without missing data (Table 4). Among this subsample
of 180 patients, those with APR were significantly younger,
used oral bisphosphonates less frequently, and had a higher
baseline CTX and a greater ACTX (i.e., similar distributions
were observed in the full sample). As a sensitivity approach,
exclusively among women, no substantial differences were
observed from the primary analysis, except for more active
smoking associated with APR (Supplemental Table S1),
while among men, a greater ACTX was the only variable
associated with APR (Supplemental Table S2). Also, addi-
tionally adjusting the model to sex, the magnitudes of as-
sociation persisted (Supplemental Table S3).

Serum 25-hydroxyvitamin D mean values did not differ
between groups, even when analysing patients who did not
change their vitamin D status.

4, Discussion

In this large sample real-life cohort, an acute-phase reaction
was observed in 24.5% of consecutive patients with osteo-
porosis after their first zoledronic acid infusion. Older age

and previous use of oral bisphosphonates were indepen-
dently associated with lower APR frequency. Greater
baseline CTX and ACTX levels were also associated with
APR. Only the association with ACTX persisted when ac-
counting for age and previous bisphosphonate use. These
findings may help to identify patients with an increased
likelihood of APR in the Brazilian population, which has
been relatively understudied.

We observed an APR frequency lower than that previ-
ously reported (30 to 80%) [16, 18-20, 26], but this study
confirms previous findings from the HORIZON study with
respect to the Latin American population [17]. This may be
partially explained by the routine use of prophylactic
medications, given that other studies reported higher APR
incidences when pharmacologic prophylaxis was precluded
[16, 22]. In agreement with previous studies, we also found
that age and previous oral bisphosphonate use are factors
associated with acute-phase response [18, 20, 22, 24]. In-
terestingly, baseline CTX and particularly ACTX were also
associated with APR, which, to our knowledge, has not been
reported previously.

The association between 25-hydroxyvitamin D and APR
seems to be related to baseline levels. In contrast to our
findings, Reid et al. showed a relationship between 25-
hydroxyvitamin D levels and APR [17]. Other researchers
have shown that low levels represent a risk factor for acute-
phase response [18, 20], while normal levels may be pro-
tective [21]. Additionally, 25-hydroxyvitamin D may be
related to the severity of APR, rather than its presence or
absence. Popp et al. reported that the mean value was sig-
nificant only when non-acute-phase responders were
compared to severe responders, while no difference was
found compared to mild or moderate responders.

Bertoldo et al. [18] found a large difference in vitamin D
levels between those with APR (25.40 + 14.22 ng/mL) and
those without APR (47.18 £22.95). If necessary, the study
subjects were supplemented with cholecalciferol (400 IU/
day) and calcium (500 to 1000 mg/day) starting on the day of
infusion. As our study was carried out in a daily practice
setting, physicians supplemented patients with cholecalcif-
erol before infusion. The normal median 250H-vitamin D
levels in our study may explain, to some extent, the lack of
relationship with APR; our findings are in agreement with
those of Chen et al. [26] who supplemented 500 mg calcium
and 800 IU vitamin D to all patients. We hypothesise that
25-hydroxyvitamin D supplementation before infusion,
when indicated, could prevent reactions. This hypothesis
remains to be tested in future trials.

Reid et al. reanalysed the HORIZON-Pivotal Fracture
Trial [8, 17], given that the HORIZON study did not assess
details about APR. Evaluating racial groups within the
HORIZON population, they concluded that race was sig-
nificantly associated with APR, such that non-Japanese
Asians and Pacific Islanders had the highest odds of APR
(OR=3.39) and Latin Americans presented lower odds
than other regions (OR=0.26). In our population, which
enrolled Latin Americans only, smoking and diabetes
frequencies did not differ between those with and without
APR.
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TaBLE 1: Demographic and clinical characteristics of 428 patients with data on CTX according to the presence or absence of registered APR
data about zoledronic acid infusion acute-phase response.

Registered APR data

Characteristics p value
Yes No
Patients, n (%) 400 28
Female, 1 (%) 318 (79.5) 22 (78.6) 0.90
Age (years); mean + SD 70.3+11.2 72.9+10.9 0.24
Oral bisphosphonate-prior use, n (%) 184 (46.0%) 12 (42.9%) 0.75
BMI (kg/mz), mean + SD 25.83+4.8 26.42+5.8 0.73
Diabetes, 1 (%) 59 (14.7%) 08 (28.7%) 0.09
Smoking, n (%)
Never 227 (57.0%) 11 (39.3%)
Former 141 (35.4%) 13 (46.4%) 0.15
Active 30 (7.5%) 4 (14.3%)
25-Hydroxyvitamin D, median [25-75" percentile]
Baseline (ng/mL) 33.6 [25.0, 39.0] 33.9 [25.0, 38.0] 0.83
After infusion (ng/mL) 32.6 [24.0, 38.0] 33.9 [24.8, 41.0] 0.57
Total calcium (mg/dL), median [25-75%™ percentile] 9.3 [8,9, 9.5] 9.3 [9.1, 9.5] 0.61
PTH, median [25-75% percentile] 55.3 [39.0, 62.0] 52.6 [36.3, 66.0] 0.61
eGFR level (mL/min), mean + SD 60+ 16 59 +20 0.64
CTX, median [25-75" percentile]
Baseline, ng/mL 0.517 [0.314, 0.695] 0.617 [0.416, 0.743] 0.13
After infusion, ng/mL 0.218 [0.123, 0.267] 0.351 [0.187, 0.429] 0.06

BMI, body mass index; PTH, parathyroid hormone; eGFR, estimated glomerular filtration rate, measured by CKD-EPI creatinine equation; CTX, carboxy-
terminal crosslinked telopeptide of type 1 collagen.

TaBLE 2: Demographic and clinical characteristics of 400 patients according to the presence or absence of zoledronic acid infusion acute-

phase response.

Acute-phase response

Characteristics p value
Absent Present
Patients, n (%) 302 (75.5) 98 (24.5)
Female, n (%) 241 (79.8) 77 (78.6) 0.79
Age (years); mean + SD 71.4+10.9 67.2+11.6 0.001
Age categories, n (%)
<66 years 92 (30.5%) 47 (48.0%)
67-75 years 100 (33.1%) 32 (32.7%) 0.001
>75 years 110 (36.4%) 19 (19.4%)
Oral bisphosphonate-prior use, n (%) 151 (50.0%) 33 (33.7%) 0.005
BMI (kg/rnz), mean + SD 25.88 +4.88 25.87 +4.68 0.99
Diabetes, 1 (%) 47 (15.6%) 12 (12.2%) 0.42
Smoking, n (%)
Never 177 (58.6%) 50 (51.0%)
Former 98 (32.5%) 43 (43.9%) 0.11
Active 25 (8.3%) 5 (5.1%)
25-Hydroxyvitamin D, median [25-75" percentile]
Baseline (ng/mL) 32.0 [25.0, 39.0] 32.0 [26.0, 37.0] 0.91
After infusion (ng/mL) 31.0 [25.0, 39.0] 30.0 [23.0, 36.0] 0.27
Group low-low x normal-normal () 56 x 44 20x7 0.14
Total calcium (mg/dL), median [25-75% percentile] 9.2 [8.9, 9.6] 9.2 [8.9, 9.7] 0.22
PTH, median [25-75% percentile] 49.0 [37.5, 62.0] 52.0 [43.0, 64.0] 0.18
eGFR level (mL/minute), mean + SD 59+ 16 62+17 0.17
CTX, median [25-75% percentile]
Baseline, ng/mL 0.430 [0.249, 0.700] 0.535 [0.375, 0.679] 0.026
After infusion, ng/mL 0.182 [0.125, 0.267] 0.170 [0.122, 0.274] 0.59

ACTX median [25-75" percentile] —53.7 [-72.1, —23.4] -69.3 [-76.2, —49.7] 0.002

BMI, body mass index; PTH, parathyroid hormone; eGFR, estimated glomerular filtration rate, measured by CKD-EPI creatinine equation; CTX, carboxy-
terminal crosslinked telopeptide of type 1 collagen; ACTX: delta carboxy-terminal crosslinked telopeptide of type 1 collagen.
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TaBLE 3: Associations of clinical and demographic variables with acute-phase response following zoledronic acid infusion.
. Unadjusted Model 1* Model 2**

Characteristics

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
Age 0.97 (0.95-0.99) 0.002 0.94 (0.92-0.97) <0.001 0.95 (0.92-0.98) 0.004
Prior oral BP 0.51 (0.31-0.82) 0.005 0.33 (0.16-0.65) 0.002 0.28 (0.12-0.64) 0.003
CTX 1.61 (1.04-2.48) 0.031 1.20 (0.72-1.98) 0.473 — —
ACTX 0.53 (0.36-0.79) 0.002 — — 0.60 (0.39-0.92) 0.019

BP, bisphosphonate; CTX (baseline), carboxy-terminal crosslinked telopeptide of type 1 collagen; ACTX: delta carboxy-terminal crosslinked telopeptide of
type 1 collagen, calculated as log; OR: odds ratio. * Model 1 included log-transformed baseline CTX, age, and prior oral bisphosphonate use. This study
included 258 patients with complete data. ** Model 2 included log-transformed ACTX, age, and prior use of oral bisphosphonate. This study included 180

patients with complete data.

TaBLE 4: Demographic and clinical characteristics of 180 patients with data on CTX according to the presence or absence of acute-phase

response following zoledronic acid infusion.

Acute-phase response

Characteristics p value
Absent Present
Patients, n (%) 132 (73.3) 48 (26.7)
Female, 1 (%) 107 (81.1) 40 (83.3) 0.73
Age (years); mean + SD 71.58 +10.67 66.98 +12.77 0.016
Age categories, n (%)
<66 years 40 (30.3%) 22 (45.8%)
67-75 years 45 (34.1%) 18 (37.5%) 0.035
>75 years 47 (35.6%) 8 (16.7%)
Oral bisphosphonate-prior use, n (%) 69 (52.3%) 13 (27.1%) 0.003
BMI (kg/m?), mean  SD 26.27 +4.61 26.14+4.62 0.87
Diabetes, 1 (%) 26 (19.7%) 7 (14.6%) 0.43

Smoking, n (%)
Never
Former
Active
25-Hydroxyvitamin D, median [25-75t percentile]
Baseline (ng/mL)
After infusion (ng/mL)
Group low-low x normal-normal (n)
Total calcium (mg/dL), median [25-75% percentile]
PTH, median [25-75" percentile]
eGFR level (mL/minute), mean + SD
CTX, median [25-75" percentile]
Baseline, ng/mL
After infusion, ng/mL
ACTX median [25-75" percentile]

0.435 [0.251, 0.690]
0.182 [0.130, 0.264]
-53.7 [-72.1, —23.4]

76 (57.6%)
7 (5.3%)
48 (36.4%)

24 (50.0%)
3 (6.2%) 0.73
21 (43.8%)

31.0 [25.0, 37.0] 31.0 [26.0, 37.0] 0.61
30.0 [24.0, 40.0] 30.0 [23.0, 37.0] 0.42
33%x49 17x13 0.93

9.2 [8.9, 9.6] 9.4 [9.1, 9.7] 0.15
51.0 [41.0, 63.0] 52.0 [42.0, 67.0] 0.18
57.68 + 14.80 63.09 + 19.76 0.06

0.531 [0.380, 0.699] 0.024
0.156 [0.122, 0.251] 0.26
-69.3 [-76.2, —49.7] 0.002

BMI, body mass index; PTH, parathyroid hormone; eGFR, estimated glomerular filtration rate, measured by CKD-EPI creatinine equation; CTX, carboxy-
terminal crosslinked telopeptide of type 1 collagen; ACTX: delta carboxy-terminal crosslinked telopeptide of type 1 collagen.

One of our main objectives was to examine the asso-
ciation between baseline CTX, ACTX, and APR. We hy-
pothesized that the greater the number of blocked
osteoclasts, the greater the likelihood that CTX would fall
and the higher the likelihood of APR. Bertoldo et al. and
Popp et al. [18, 20] investigated the relationship between
baseline CTX and acute-phase response, but ACTX has
never been evaluated before. We found that ACTX was
significantly greater in patients with APR. One explanation
for this finding could be that APR is associated with a higher
biochemical response. Therefore, the more significant the
interaction, the greater the stimulation, and the higher the
inflammatory cytokines production. Subjects previously
exposed to oral bisphosphonate potentially had osteoclasts

reactivation slightly blocked when subjects received the first
zoledronic acid dose. Similarly, the first zoledronic acid use
would be associated with a lower APR frequency in sub-
sequent zoledronic acid doses.

Others have described that some inflammatory cytokine
levels increase after the first zoledronic acid infusion
[9, 11-13]. We found that ACTX is associated with APR, and
it is known that serum CTX levels are related to osteoclast
activity. Consequently, osteoclasts may be the first type of
cell to react with bisphosphonates [31]. Additionally, when
T lymphocytes are stimulated to produce proinflammatory
cytokines before osteoclasts, the latter promotes bone re-
sorption [14]. The interaction of osteoclasts and medications
may induce the production of proinflammatory cytokines,



which in turn stimulate p§ lymphocytes; therefore, the
greater the interaction, the greater the stimulation. Hewitt
et al. [10] showed that y§ lymphocytes could be directly
stimulated by bisphosphonates and that statins inhibit such
stimuli. However, some in vivo studies were unable to
replicate these in vitro findings [16, 23, 32]. Moreover,
previous studies tested monocyte-lineage cells but not os-
teoclasts or osteal macrophages. Therefore, some questions
remain regarding mediation mechanisms and how to mit-
igate responses that lead to APR.

Because this was a retrospective real-world cohort, we
anticipate some limitations. In this type of study, causal
inference cannot be established; therefore, conclusions can
only be accepted as hypothesis generating, and external
validity is generally attainable at the expense of internal
validity [27]. The time of exam collection varied, especially
for 25-hydroxyvitamin D and CTX, which could have at-
tenuated some effect sizes, although presumably this would
have affected both groups and any bias would thus be
nondifferential. We did not assess the time patients stopped
oral bisphosphonate before their first zoledronic acid in-
fusion, which could interfere with osteoclast blockage. Pa-
tients’ diabetes profiles were not investigated in this study.
The CTX analysis had only 180 patients with full data from a
total of 400 patients, limiting power to detect other asso-
ciations; this could be a potential source of selection bias
with respect to the logistic regression analysis. However,
sensitivity analysis showed that the exposure was similarly
distributed between the groups. Unfortunately, PINP was
unavailable at the study time. Since PINP is not affected by
food intake or glucose status and suffers less by circadian
rhythm, it would have been a more accurate tool to cor-
roborate our findings. Additionally, inflammatory cytokine
(e.g., IL-1, IL-6, and TNF«) would also add insights into the
nature of the APR response. However, they were not part of
our routine testing to monitor zoledronic acid treatment.

Bone markers and bone mineral mass are independent
predictors of fracture. These factors must be combined for
fracture evaluation, but they cannot be considered indi-
vidually. This subject has been studied to define the asso-
ciation between changes in bone turnover markers and bone
mineral mass and to analyse whether the former could
predict improvement of the latter or predict fracture risk
[33-35]. Our next step will be to examine whether acute-
phase responders have a higher improvement in bone
mineral density and/or fracture risk, since these patients
have a higher ACTX [36].

5. Conclusion

In conclusion, a high incidence of symptoms was observed
in response to zoledronic acid infusion. In our study, older
age and prior oral bisphosphonate use were associated with a
reduced likelihood of APR. Additionally, APR following
zoledronic acid infusion was associated with a greater dif-
ference in CTX before and after infusion. To our knowledge,
this is the first study to describe such findings in a Latin
American population with osteoporosis. We suggest that the
prevention of reactions would be improved if we could
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identify potential risk factors and apply appropriate mea-
sures. This hypothesis remains to be tested in future
research.

Data Availability

Our data are not freely available due to our institution’s
policy.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this study.

Supplementary Materials

The supplementary material represents the analysis of
women and men subgroups. (Supplementary Materials)

References

[1] J. E. Compston, M. R. McClung, and W. D. Leslie, “Osteo-
porosis,” The Lancet, vol. 393, no. 10169, pp. 364-376, 2019.

[2] L. F. Baccaro, D. Conde, L. Costa-Paiva, and A. M. Pinto-Neto,

“The epidemiology and management of postmenopausal

osteoporosis: a viewpoint from Brazil,” Clinical Interventions in

Aging, vol. 10, pp. 583-591, 2015.

M. Ruiz-Adame and M. Correa, “A systematic review of the

indirect and social costs studies in fragility fractures,” Oste-

oporosis International, vol. 31, no. 7, pp. 1205-1216, 2020.

[4] J. A. Kanis, C. Cooper, C. Cooper, R. Rizzoli, and

J.-Y. Reginster, “European guidance for the diagnosis and

management of osteoporosis in postmenopausal women,”

Osteoporosis International, vol. 30, no. 1, pp. 3-44, 2019.

D. Shoback, C. J. Rosen, D. M. Black, A. M. Cheung,

M. H. Murad, and R. Eastell, “Pharmacological management

of osteoporosis in postmenopausal women: an endocrine

society guideline update,” Journal of Clinical Endocrinology ¢

Metabolism, vol. 105, no. 3, pp. 587-594, 2020.

[6] S.C.Radominski, W. Bernardo, A. P. d. Paula et al., “Brazilian

guidelines for the diagnosis and treatment of postmenopausal

osteoporosis,” Revista Brasileira de Reumatologia, vol. 57,

pp. 452-466, 2017.

S. Cremers, F. Ebetino, and R. Phipps, “On the pharmaco-

logical evaluation of bisphosphonates in humans,” Boue,

vol. 139, Article ID 115501, 2020.

[8] D. M. Black, P. D. Delmas, R. Eastell et al., “Once-yearly

zoledronic acid for treatment of postmenopausal osteopo-

rosis,” New England Journal of Medicine, vol. 356, no. 18,

pp. 1809-1822, 2007.

S. Adami, A. K. Bhalla, R. Dorizzi et al., “The acute-phase

response after bisphosphonate administration,” Calcified

Tissue International, vol. 41, no. 6, pp. 326-331, 1987.

[10] R.E.Hewitt, A. Lissina, A. E. Green, E. S. Slay, D. A. Price, and
A. K. Sewell, “The bisphosphonate acute phase response: rapid
and copious production of proinflammatory cytokines by
peripheral blood y§ T cells in response to aminobi-
sphosphonates is inhibited by statins,” Clinical and Experi-
mental Immunology, vol. 139, no. 1, pp. 101-111, 2005.

[11] G. Dicuonzo, B. Vincenzi, D. Santini et al., “Fever after
zoledronic acid administration is due to increase in TNF-a
and IL-6,” Journal of Interferon and Cytokine Research, vol. 23,
no. 11, pp. 649-654, 2003.

[3

[5

[7

[9


https://downloads.hindawi.com/journals/jos/2021/9492883.f1.docx

Journal of Osteoporosis

[12] D. Thiébaud, A. Sauty, P. Burckhardt et al., “An in vitro and in
vivo study of cytokines in the acute-phase response associated
with bisphosphonates,” Calcified Tissue International, vol. 61,
no. 5, pp. 386-392, 1997.

[13] D.H. Schweitzer, M. O. de Ruit, G. V. D. Pluijm, C. W. Lowik,
and S. E. Papapoulos, “Interleukin-6 and the acute phase
response during treatment of patients with paget’s disease
with the nitrogen-containing bisphosphonate dimethylami-
nohydroxypropylidene bisphosphonate,” Journal of Bone and
Mineral Research, vol. 10, pp. 956-962, 1995.

[14] Y. Yao, X. Cai, F. Ren et al., “The macrophage-osteoclast Axis
in osteoimmunity and osteo-related diseases,” Frontiers in
Immunology, vol. 12, 2021.

[15] P.-C. Hsieh, “Effectiveness and safety of zoledronic acid in the
treatment of osteoporosis,” Orthopedics, vol. 39, no. 2, 2016.

[16] P. Makras, A. D. Anastasilakis, S. A. Polyzos, I. Bisbinas,

G. T. Sakellariou, and S. E. Papapoulos, “No effect of rosu-

vastatin in the zoledronate-induced acute-phase response,”

Calcified Tissue International, vol. 88, no. 5, pp. 402-408,

2011.

I. R. Reid, G. D. Gamble, P. Mesenbrink, P. Lakatos, and

D. M. Black, “Characterization of and risk factors for the

acute-phase response after zoledronic acid,” Journal of

Clinical Endocrinology ¢ Metabolism, vol. 95, no. 9,

pp. 4380-4387, 2010.

F. Bertoldo, S. Pancheri, S. Zenari et al., “Serum 25-

hydroxyvitamin D levels modulate the acute-phase response

associated with the first nitrogen-containing bisphosphonate

infusion,” Journal of Bone and Mineral Research, vol. 25, no. 3,

pp. 447-454, 2010.

[19] A. D. Anastasilakis, S. A. Polyzos, P. Makras et al., “Acute
phase response following intravenous zoledronate in post-
menopausal women with low bone mass,” Bone, vol. 50, no. 5,
pp. 1130-1134, 2012.

[20] A. W. Popp, R. Senn, I. Curkovic et al., “Factors associated

with acute-phase response of bisphosphonate-naive or pre-

treated women with osteoporosis receiving an intravenous
first dose of zoledronate or ibandronate,” Osteoporosis In-

ternational, vol. 28, no. 6, pp. 1995-2002, 2017.

C. Crotti, N. B. Watts, M. De Santis et al,, “Acute phase

reactions after zoledronic acid infusion: protective role of 25-

hydroxyvitamin D and previous oral bisphosphonate ther-

apy,” Endocrine Practice, vol. 24, no. 5, pp. 405-410, 2018.

Y. Ding, J.-C. Zeng, F. Yin et al., “Multicenter study on

observation of acute-phase responses after infusion of zole-

dronic acid 5 mg in Chinese women with postmenopausal

osteoporosis,” Orthopaedic Surgery, vol. 9, no. 3, pp. 284-289,

2017.

[23] S. L. Silverman, A. Kriegman, J. Goncalves, F. Kianifard,
T. Carlson, and E. Leary, “Effect of acetaminophen and flu-
vastatin on post-dose symptoms following infusion of zole-
dronic acid,” Osteoporosis International, vol. 22, no. 8,
pp. 2337-2345, 2011.

[24] J. D. Wark, W. Bensen, C. Recknor et al., “Treatment with
acetaminophen/paracetamol or ibuprofen alleviates post-dose
symptoms related to intravenous infusion with zoledronic
acid 5 mg,” Osteoporosis International, vol. 23, no. 2,
pp. 503-512, 2012.

[25] J. Chen, L. Yu, L. Chen et al., “Surgical trauma and low-dose
methylprednisolone modulate the severity of the acute-phase
response induced by zoledronic acid infusion,” Experimental
and Therapeutic Medicine, vol. 14, no. 2, pp. 1802-1808, 2017.

[26] F.-P. Chen, T.-S. Fu, Y.-C. Lin, and Y.-J. Lin, “Addition of
dexamethasone to manage acute phase responses following

(17

(18

[21

[22

initial zoledronic acid infusion,” Osteoporosis International,

vol. 32, no. 4, pp. 663-670, 2021.

L. Blonde, K. Khunti, S. B. Harris, C. Meizinger, and

N. S. Skolnik, “Interpretation and impact of real-world clinical

data for the practicing clinician,” Advances in Therapy, vol. 35,

no. 11, pp. 1763-1774, 2018.

E. Czerwinski, J. E. Badurski, E. Marcinowska-Suchowierska,

and J. Osieleniec, “Current understanding of osteoporosis

according to the position of the world health organization

(WHO) and international osteoporosis foundation,” Orto-

pedia Traumatologia Rehabilitacja, vol. 9, pp. 337-356, 2007.

World Health Organization, “WHO Scientific group on the

assessment of osteoporosis at primary health care level:

summary meeting report,” 2007, http://www.who.int/chp/
topics/Osteoporosis.pdf.

[30] I. Ramasamy, “Vitamin D metabolism and guidelines for

vitamin D supplementation,” Clinical Biochemist Reviews,

vol. 41, no. 3, pp. 103-126, 2020.

M. J. Rogers, J. Monkkonen, and M. A. Munoz, “Molecular

mechanisms of action of bisphosphonates and new insights

into their effects outside the skeleton,” Bone, vol. 139, Article

ID 115493, 2020.

[32] K. Thompson, F. Keech, D. J. McLernon et al., “Fluvastatin
does not prevent the acute-phase response to intravenous
zoledronic acid in post-menopausal women,” Bone, vol. 49,
no. 1, pp. 140-145, 2011.

[33] J. Burch, S. Rice, H. Yang et al., “Systematic review of the use
of bone turnover markers for monitoring the response to
osteoporosis treatment: the secondary prevention of fractures,
and primary prevention of fractures in high-risk groups,”
Health Technology Assessment, vol. 18, no. 11, pp. 1-180, 2014.

[34] N. E. Lane, K. Saag, T. J. O'Neill et al., “Real-world bone
turnover marker use: impact on treatment decisions and
fracture,” Osteoporosis International, vol. 32, no. 5,
pp. 831-840, 2021.

[35] H. Kasai, Y. Mori, A. Ose, M. Shiraki, and Y. Tanigawara,
“Prediction of fracture risk from early-stage bone markers in
patients with osteoporosis treated with once-yearly admin-
istered zoledronic acid,” The Journal of Clinical Pharmacology,
vol. 61, no. 5, pp. 606-613, 2021.

[36] D. M. Reid, J.-P. Devogelaer, K. Saag et al., “Zoledronic acid
and risedronate in the prevention and treatment of gluco-
corticoid-induced osteoporosis (HORIZON): a multicentre,
double-blind, double-dummy, randomised controlled trial,”
The Lancet, vol. 373, no. 9671, pp. 1253-1263, 2009.

[27

[28

[29

[31


http://www.who.int/chp/topics/Osteoporosis.pdf
http://www.who.int/chp/topics/Osteoporosis.pdf

