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Abstract: Hypocalcemia is the most common major adverse event in patients with osteoporosis 

receiving the bone resorption inhibitor denosumab; however, limited information is available 

regarding risk factors of hypocalcemia. Therefore, this study aimed to identify the risk factors of 

hypocalcemia induced by denosumab treatment for osteoporosis. We retrospectively reviewed the 

records of patients who had received initial denosumab supplemented with activated vitamin D 

for osteoporosis. Serum levels of the following bone turnover markers (BTMs) were measured 

at baseline: bone-specific alkaline phosphatase (BAP), total N-terminal propeptide of type 1 

procollagen (P1NP), tartrate-resistant acid phosphatase 5b (TRACP-5b), and urinary cross-linked 

N-telopeptide of type 1 collagen (NTX). Of the 85 denosumab-treated patients with osteopo-

rosis studied, 22 (25.9%) developed hypocalcemia. Baseline serum total P1NP, TRACP-5b, 

and urinary NTX were significantly higher in patients with hypocalcemia than in those with 

normocalcemia following denosumab administration (all P,0.01). Multivariate logistic regres-

sion analysis revealed that patients with total P1NP .76.5 μg/L, TRACP-5b .474 mU/dL, 

or urinary NTX .49.5 nmol bone collagen equivalent/mmol creatinine had a higher risk 

of hypocalcemia (P,0.01). Our study suggests that denosumab may have a greater impact 

on serum calcium levels in patients with postmenopausal osteoporosis with higher baseline 

bone turnover than in patients with postmenopausal osteoporosis with normal baseline bone 

turnover, because maintenance of normal serum calcium in this subgroup is more dependent 

on bone resorption. Close monitoring of serum calcium levels is strongly recommended for 

denosumab-treated patients with high bone turnover, despite supplementation with activated 

vitamin D and oral calcium.
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Introduction
Denosumab has been approved in various countries for treating patients with 

osteoporosis at a high risk of fracture and preventing skeletal-related events in 

patients with bone metastases from solid tumors. Denosumab is an entirely human 

monoclonal immunoglobulin (Ig) G2 antibody that binds to the receptor activator of 

nuclear factor κB (RANK) ligand (RANKL). In men and postmenopausal women with 

osteoporosis, a single 60 mg dose of denosumab subcutaneously administered every 

6 months significantly reduces bone turnover markers (BTMs), increases bone mineral 

density (BMD), and reduces the risk of new vertebral and nonvertebral fractures, includ-

ing hip fractures.1 Several studies have found that treatment with denosumab increases 

both BMD and bone strength as estimated by quantitative computed tomography of the 

radius, hip, and spine.2,3 In a long-term clinical study, denosumab treatment increased 
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BMD and decreased bone turnover for up to 8 years with an 

acceptable safety profile.4 Continuous denosumab treatment 

beyond 3 years was associated with a further persistent reduc-

tion in nonvertebral fracture rate.5 Economic evaluations have 

deemed denosumab cost-effective for osteoporosis treatment 

in men and women.6,7

Despite this demonstrated efficacy, several serious 

adverse effects of denosumab have been reported, including 

hypocalcemia8,9 in 2%–20% of women with postmenopausal 

osteoporosis10,11 and 10%–50% of bone metastasis patients 

who were administered a single 120 mg dose.12–14 Furthermore, 

in Phase III trials of a single 120 mg dose, up to 33% of patients 

who experienced severe hypocalcemia had recurrent events 

despite oral supplementation with calcium and vitamin D.14

Although hypocalcemia is usually transient and asymp-

tomatic, it can have serious manifestations, including cardiac 

arrhythmias and death.8,9 To prevent hypocalcemia following 

denosumab administration, prophylactic administration of 

calcium and/or vitamin D is recommended for osteoporosis 

and bone metastases patients unless albumin-adjusted serum 

calcium concentrations are high.15–18 While prophylactic 

administration of calcium and/or vitamin D is now deemed 

essential, reports of severe hypocalcemia despite calcium and 

vitamin D supplementation exist.8,11,17,18 Therefore, identifica-

tion of potential risk factors for hypocalcemia is critical.

Block et al11 reported that the risk for denosumab-induced 

hypocalcemia was greater in osteoporosis patients with 

chronic kidney disease (CKD) than in patients with normal 

renal function, whereas renal function impairment did not sig-

nificantly affect denosumab pharmacokinetics and pharma-

codynamics. In patients with bone metastases, lower baseline 

estimated glomerular filtration rate (eGFR) is an important 

risk factor for hypocalcemia induced by denosumab.17,18 

However, patients with both osteoporosis and bone metas-

tases developed denosumab-induced severe hypocalcemia 

with mild-to-moderate CKD (30–89 mL/min/1.73 m2).8,9,11 

Hypocalcemia induced by denosumab usually occurs 

1–2 weeks after initial administration, whereas renal func-

tion is not altered over the entire course of denosumab 

treatment.14,19 Therefore, we hypothesized that other factors 

influence serum calcium concentrations in these patients. 

In the current study, we retrospectively analyzed a cohort of 

denosumab-treated postmenopausal osteoporosis patients to 

identify risk factors for hypocalcemia.

Materials and methods
study design
Between November 2014 and April 2015, 114 patients received 

initial administration of denosumab at Yamanashi Red Cross 

Hospital (Yamanashi, Japan). In this retrospective study, the 

medical records of postmenopausal osteoporosis patients 

who received an initial denosumab injection and completed 

a clinicodemographic questionnaire were reviewed.

Patients were eligible for the study if they were $55 years 

of age with postmenopausal osteoporosis and had received 

a single 60 mg subcutaneous dose of denosumab (Prolia®; 

Amgen Inc., Thousand Oaks, CA, USA) with daily supple-

mentation of vitamin D. In our institution, we use eldecalcitol 

(activated vitamin D) at 0.75 μg as a prophylactic drug for 

denosumab to avoid hypocalcemia induced by denosumab. 

A key inclusion criterion was blood sampling at baseline, 

1–2 weeks, 1 month, 3 months, and 6 months after deno-

sumab administration.

Patients were excluded from the study if they had 

1) adjusted baseline serum calcium concentrations above or 

below the normal range in our laboratory (8.7–10.3 mg/dL); 

2) severe CKD (eGFR ,30 mL/min) or required hemodi-

alysis; 3) disorders such as primary hyperparathyroidism, 

Cushing’s syndrome, or poorly controlled diabetes mellitus 

(glycated hemoglobin [HbA1C] .7.5%20); 4) active malig-

nant tumor; 5) received calcitonin replacement therapy or 

other medications that could affect serum calcium concentra-

tion; 6) fresh fracture or orthopedic surgery within a month 

before denosumab administration; 7) surgery during the first 

course of denosumab; or 8) received or were scheduled to 

receive any invasive dental procedures.

Of the initial cohort, 85 patients were eligible for the cur-

rent study. The study was conducted with the approval of the 

ethics committee of the Yamanashi Red Cross Hospital and 

in accordance with the Declaration of Helsinki. The need for 

patient written informed consent was waived by the ethics 

committee because this is a retrospective study with data 

collection and analysis from the medical records.

Data collection and assessment
All data were collected from the electronic medical record 

system. We also evaluated information obtained from 

a baseline questionnaire, including age, weight, height, 

body mass index (BMI), previous fracture history, family 

history of fractures, smoking history, alcohol consump-

tion, glucocorticoid use, other health conditions such 

as rheumatoid arthritis and diabetes mellitus, and prior 

treatment for osteoporosis. We evaluated serum levels of 

albumin, calcium, phosphorus, and alkaline phosphatase, 

as well as the eGFR, at baseline and at 1–2 weeks (median 

days [interquartile range, IQR]: 7.0 [7.0–7.0] days), 1 month 

(28.0 [28.0–32.0] days), 3 months (88.0 [84.0–92.0] days), 

and 6 months (179.0 [172.0–183.5] days) after treatment. 
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Intact parathyroid hormone (intact PTH; the reference 

range: 10–65 pg/mL, estimated by Access® Intact PTH 

assay; Beckman Coulter Inc., Brea, CA, USA) and the  

following BTMs were also assessed at baseline and at 

1 month, 3 months, and 6 months after treatment: bone-

specific alkaline phosphatase (BAP; the reference range 

in postmenopausal women: 3.8–22.6 μg/L, estimated by 

the Access Ostase Assay; Beckman Coulter Inc.), total 

N-terminal propeptide of type I procollagen (total P1NP; the 

reference range in postmenopausal women: 26.4–98.2 μg/L; 

estimated by a total P1NP assay on the Elecsys automated 

analyzer; Roche Diagnostics, Basel, Switzerland), tartrate-

resistant acid phosphatase type 5 (TRACP-5b; the reference 

range in women: 120–420 mU/dL; estimated by Osteolinks® 

TRACP-5b® Test Kit; DS Pharma Biomedical Co, Ltd, 

Osaka, Japan), and urine levels of cross-linked N-telopeptide 

of type I collagen (urinary NTX; the reference range in 

postmenopausal women: 14.3–89.0 nmol bone collagen 

equivalent (BCE)/mmol creatinine (Cr); Osteomark® NTx 

Urine Assay; Alere Medical Co, Ltd, Tokyo, Japan). After 

overnight fasting, serum and urine samples were obtained 

in the early morning.

Vertebral fractures at baseline were diagnosed by lateral 

spine X-ray examination at the thoracic and lumbar levels 

and, in addition, were assessed quantitatively according to 

the criteria of the Japanese Society for Bone and Mineral 

Research.21 BMD of lumbar spine (L1–4), total hip, and 

femoral neck were also measured at baseline using dual-

energy X-ray absorptiometry (DXA; Hologic QDR™ series: 

Hologic, Waltham, MA, USA). All DXA measurements were 

analyzed at a central site by a radiologist.

Hypocalcemia was defined as an adjusted serum cal-

cium concentration ,8.7 mg/dL, the lower limit of the 

normal range at our central laboratory. If the serum albumin 

level was ,4.0 mg/dL, the corrected calcium level was 

calculated according to the following equation: corrected 

serum calcium = serum calcium (mg/dL) - serum albumin 

(mg/dL) +4.0. The severity of hypocalcemia was classified 

according to the National Cancer Institutes Common Toxic-

ity Criteria for Adverse Events version 4.0. If a patient was 

administered denosumab several times within the study 

period, only the change in serum calcium level after the first 

administration was used to determine hypocalcemia. The 

eGFR level was calculated using the formula developed by 

the Japanese Society of Nephrology.22 The primary end point 

was to identify the risk factors associated with denosumab-

induced hypocalcemia. The secondary end point was to 

determine the time course of change in serum calcium con-

centration following initial denosumab administration.

statistical analysis
The χ2 test was used to compare categorical variables. 

Continuous variables with normal distribution are pre-

sented as mean ± standard deviation (SD), whereas non-

normally distributed variables are presented as median with 

IQR. Student’s t-test was used to compare group means 

for normally distributed variables, and Mann–Whitney 

U test was used to compare group means for nonnormally 

distributed variables. Mean differences in concentrations 

of serum calcium and intact PTH from baseline follow-

ing initial denosumab treatment were compared using 

one-way analysis of variance followed by Dunnett’s test. 

The correlations between baseline BTMs and both serum 

calcium concentration nadir and change from baseline 

to nadir following the first denosumab treatment were 

determined using Pearson’s coefficients. Univariate and 

multivariate logistic analyses were performed to identify 

risk factors for hypocalcemia associated with denosumab. 

A receiver operating characteristic (ROC) curve was used 

to calculate the optimal cutoff values for factors obtained 

by univariate logistic analysis. Multiple logistic regression 

analyses were used to calculate the odds ratios (ORs) for 

hypocalcemia induced by denosumab. Covariates were 

selected for their ability to confound the associations as 

determined through univariate and stepwise models. Sta-

tistical analyses were performed using Stat Flex version 6 

(Artech, Tokyo, Japan) and GraphPad PRISM version 6 

(GraphPad Software, San Diego, CA, USA). All statistical 

tests were two tailed and P-values ,0.05 were considered 

statistically significant.

Results
Baseline patient characteristics
All 85 postmenopausal osteoporosis patients received deno-

sumab treatment plus prophylactic eldecalcitol at baseline. 

Mean age was 75.7±8.0 years (range: 56–91 years) and BMI 

was 22.3±4.1 kg/m2 (range: 13.4–37.5 kg/m2). Moreover, 

45 patients (52.9%) had a history of previous fracture. Few 

patients had disorders such as rheumatoid arthritis (3 patients, 

3.5%) or diabetes mellitus (4 patients, 4.7%). Among the 

85 patients, 23 (27.1%) had received prior treatment for 

osteoporosis, including bisphosphonate (14 patients, 16.5%), 

activated vitamin D (2 patients, 2.4%), a selective estro-

gen receptor modulator (2 patients, 2.4%), or teriparatide 

(5 patients, 5.9%). Baseline serum albumin, calcium, phos-

phorus, alkaline phosphatase, and intact PTH values were 

all within normal ranges. Renal function was normal or 

mildly dysfunctional (eGFR: $60 mL/min) in 58 patients 

(68.2%), whereas 27 patients (31.8%) had moderate kidney 
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dysfunction (eGFR: 30–59 mL/min). The BTMs BAP, 

total P1NP, TRACP-5b, and urinary NTX were all higher 

than the upper limit of the normal premenopausal range. 

Baseline lumbar, femoral neck, and total hip BMD T-scores 

were -2.4±1.2, -3.0±1.1, and -2.6±1.2, respectively.

Time course of changes in serum calcium 
and intact PTh concentrations following 
denosumab treatment
None of the patients were hypocalcemic at baseline, but 22 

(25.9%) developed hypocalcemia following administration 

of a single 60 mg subcutaneous dose of denosumab. Figure 1 

displays the time courses of changes in albumin-adjusted 

serum calcium and intact PTH concentrations from baseline 

during the 6 months following the first denosumab treatment. 

Serum calcium concentration decreased from 9.3±0.4 mg/dL 

(range: 8.7–10.2 mg/dL) at baseline to 9.0±0.5 mg/dL (range: 

7.6–10.3 mg/dL) during the first 1–2 weeks before returning 

to baseline (1 month: 9.2±0.5 mg/dL, range: 8.4–10.4 mg/dL; 

3 months: 9.3±0.4 mg/dL, range: 8.4–10.7 mg/dL; 6 months: 

9.4±0.5 mg/dL, range: 8.7–10.9 mg/dL). Serum intact 

PTH concentration increased from 47.6±22.3 pg/mL 

(range: 10.2–110.0 pg/mL) at baseline to 59.5±44.2 pg/

mL (range: 6.0–248.0 pg/mL) during the first 1 month and 

then decreased between 3 months and 6 months (3 months: 

48.0±33.8 pg/mL, range: 12.0–196.0 pg/mL; 6 months: 

39.5±23.9 pg/mL, range: 8.0–111.0 pg/mL). Hypocalcemia 

lasted 1–2 weeks in 16 of 22 patients (72.7%), 1 month in 

5 patients (22.7%), and 3 months in 1 patient (4.5%). Twenty-

one of the hypocalcemic patients were grade 1 and only one 

was grade 2. All hypocalcemic patients received temporary 

oral calcium (1,000–3,000 mg/daily) and were asymptomatic. 

The serum calcium concentrations normalized immediately 

after oral calcium. Hypercalcemia .10.3 mg/dL (above the 

normal range in our laboratory) was observed at least once 

in 5 patients (5.9%) and they recovered quickly after the 

discontinuation of eldecalcitol.

Comparison of clinical parameters 
between hypocalcemic and 
normocalcemic patients
None of the demographic parameters in Table 1 differed sig-

nificantly between patients exhibiting hypocalcemia following 

denosumab treatment and those maintaining normocalcemia, 

except for mean serum calcium concentration (9.1±0.2 mg/dL 

vs 9.4±0.4 mg/dL, P=0.002) and 3 of the 4 BTMs (total 

P1NP: 100.4±58.2 μg/L vs 60.0±34.4 μg/L, P,0.001; 

TRACP-5b: 596.1±209.6 mU/dL vs 450.9±177.2 mU/dL, 

P=0.002; urinary NTX: 76.4±38.9 nmol BCE/mmol Cr vs 

48.4±27.6 nmol BCE/mmol Cr, P,0.001). These results 

strongly suggest that higher bone turnover, as evidenced by 

higher total P1NP, TRACP-5b, and urine NTX, increases 

the risk of denosumab-induced hypocalcemia.

Correlations between serum calcium 
concentration and baseline BTMs
Negative correlations were observed between the serum 

calcium concentration nadir after denosumab administration 

and the baseline total P1NP (r=-0.409, P,0.001), TRACP-5b 

(r=-0.353, P,0.001), and urinary NTX (r=-0.468, P,0.001; 

Figure 2A, subpanels 2–4), consistent with an association 

between bone turnover rate and hypocalcemia risk. Fur-

thermore, negative correlations were observed between the 

change in serum calcium concentration from baseline to 

Figure 1 Time course of changes in (A) serum calcium and (B) intact PTh concentrations following single-dose denosumab.
Notes: Data are expressed as mean ± sD and compared using one-way analysis of variance, followed by Dunnett’s test. *P,0.05; **P,0.01.
Abbreviations: M, months; ns, nonsignificant; PTH, parathyroid hormone; SD, standard deviation; W, weeks.
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nadir and baseline BAP (r=-0.317, P=0.003), total P1NP 

(r=-0.454, P,0.001), TRACP-5b (r=-0.392, P,0.001), 

and urinary NTX (r=-0.385, P,0.001) (Figure 2B, sub-

panels 1–4).

Univariate and ROC curve analyses
Univariate logistic regression analysis revealed significant 

associations between hypocalcemia incidence and total 

P1NP, TRACP-5b, and urinary NTX (Table 2). To estimate 

the power of these BTMs to predict denosumab-induced 

hypocalcemia, the areas under the ROC curves (AUCs) 

obtained by univariate logistic regression analyses were 

calculated. ROC curve analysis indicated that a base-

line total P1NP .76.5 μg/L was the strongest predictor 

(AUC =0.76) of hypocalcemia. Using a cutoff value of 

76.5 μg/L, the sensitivity for predicting hypocalcemia was 

68.2% and the specificity was 79.4%. Similarly, baseline 

TRACP-5b .474 mU/dL (AUC =0.71) and baseline urinary 

NTX .49.5 nmol BCE/mmol Cr (AUC =0.74) were useful 

predictors of hypocalcemia.

Multivariate logistic regression analysis 
for hypocalcemia
Multivariate logistic regression analysis (Table 3) identified 

total P1NP, TRACP-5b, and urinary NTX as independent pre-

dictors of denosumab-induced hypocalcemia. Moreover, these 

significant ORs remained after adjustment for baseline serum 

calcium concentration and eGFR (total P1NP .76.5 μg/L: OR 

=10.600, 95% confidence interval [CI]: 3.070–36.598, 

P,0.001; TRACP-5b .474 mU/dL: OR =4.596, 95% 

Table 1 Comparison of clinical parameters between hypocalcemic and normocalcemic patients

Parameters Hypocalcemia 
(n=22)

No hypocalcemia 
(n=63)

P-value

age (years), mean ± sD 75.7±7.9 75.8±8.1 0.968
height (m), mean ± sD 1.51±0.1 1.49±0.1 0.344
Body weight (kg), mean ± sD 50.0±10.3 49.9±8.9 0.960
Body mass index (kg/m2), mean ± sD 21.9±4.3 22.5±4.0 0.614
history of previous fracture, n (%) 8 (36.4) 37 (58.7) 0.070
Current smoker, n (%) 1 (4.5) 3 (4.8) 0.967
alcohol consumption, n (%) 0 (0) 1 (1.6) 0.552
Rheumatoid arthritis, n (%) 1 (3.7) 2 (3.7) 0.764
Prior treatment for osteoporosis

Bisphosphonate, n (%) 2 (9.1) 12 (19.0) 0.278
Vitamin D, n (%) 1 (4.5) 2 (3.2) 0.764
seRM, n (%) 0 (0) 1 (1.6) 0.552
Teriparatide, n (%) 0 (0) 5 (7.9) 0.173

albumin (mg/dl), mean ± sD 4.2±0.3 4.3±0.3 0.482
Calcium (mg/dl), mean ± sD 9.1±0.2 9.4±0.4 0.002*
Phosphorus (mg/dl), mean ± sD 3.6±0.4 3.5±0.4 0.384
alkaline phosphatase (U/l), mean ± sD 288.3±110.6 278.4±102.1 0.702
egFR (ml/min), mean ± sD 71.4±15.4 67.6±18.0 0.389
intact PTh (pg/ml), mean ± sD 46.8±20.3 47.8±23.1 0.850
BaP (μg/l), mean ± sD 22.0±9.2 19.4±9.5 0.263
Total P1nP (μg/l), mean ± sD 100.4±58.2 60.0±34.4 ,0.001*
TRaCP-5b (mU/dl), mean ± sD 596.1±209.6 450.9±177.2 0.002*
Urinary nTX (nmol BCe/mmol Cr), mean ± sD 76.4±38.9 48.4±27.6 ,0.001*
lumbar BMD (T-score), mean ± sD -2.0±1.0 -2.5±1.3 0.117
Femoral neck BMD (T-score), mean ± sD -3.1±0.9 -3.0±1.1 0.882
Total hip BMD (T-score), mean ± sD -2.6±0.9 -2.6±1.2 0.930
Day on which blood sample was drawn after 
administration of denosumab (median day [iQR])

1–2 weeks 7.0 (7.0–7.0) 7.0 (7.0–7.0) 0.737
1 month 28.0 (28.0–28.0) 28.0 (28.0–32.0) 0.084
3 months 84.5 (84.0–91.0) 91.0 (84.0–93.5) 0.140
6 months 176.0 (169.0–183.0) 179.0 (175.0–184.5) 0.467

Notes: Data shown as n or n (%) were analyzed by χ2 test. Data expressed as mean ± sD were analyzed by the student’s t-test. Data presented as median (iQR) were 
analyzed by the Mann–Whitney U test. *P,0.05.
Abbreviations: BAP, bone-specific alkaline phosphatase; BCE, bone collagen equivalent; BMD, bone mineral density; Cr, creatinine; eGFR, estimated glomerular filtration 
rate; IQR, interquartile range; NTX, cross-linked N-telopeptide of type 1 collagen; P1NP, N-terminal propeptide of type 1 procollagen; PTH, parathyroid hormone; 
sD, standard deviation; seRM, selective estrogen receptor modulator; TRaCP-5b, tartrate-resistant acid phosphatase 5b.
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Figure 2 Relationships between baseline BTMs and serum calcium concentration changes following denosumab treatment.
Notes: Correlations between baseline BTMs and (A) serum calcium concentration nadir and (B) change in serum calcium concentration from baseline to nadir following 
denosumab treatment. Pearson’s correlations are shown as r values. subpanels 1–4 in each panel (A and B) represent the BTMs BaP, total P1nP, TRaCP-5b, and nTX, 
respectively. solid circles represent patients with hypocalcemia, open circles show patients without hypocalcemia.
Abbreviations: BAP, bone-specific alkaline phosphatase; BTM, bone turnover marker; NTX, cross-linked N-telopeptide of type 1 collagen; P1NP, N-terminal propeptide 
of type 1 procollagen; TRaCP-5b, tartrate-resistant acid phosphatase 5b.
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CI: 1.466–14.405, P=0.009; urinary NTX .49.5 nmol 

BCE/mmol Cr: OR =4.749, 95% CI: 1.527–14.775, 

P=0.007). These results were approximately equal even after 

excluding the patients with prior treatment for osteoporosis 

(n=63, data not shown).

Discussion
We found that high baseline bone turnover, as evidenced by 

several elevated BTMs, was associated with higher risk of 

denosumab-induced hypocalcemia. Thus, these BTMs could 

be useful predictors of hypocalcemia following denosumab 

treatment.

Of the 85 patients analyzed, 25.9% developed hypocal-

cemia after administration of denosumab, higher than that 

recorded in previous reports.10,11 This greater incidence may be 

caused by earlier measurements of the values after denosumab 

administration (1–2 weeks after administration) and a higher 

normal serum calcium concentration range (lower limit: 

8.7 mg/dL) compared to that in previous studies (lower limit: 

8.5 mg/dL).10,23 In a preliminary report investigating the effect 

of a single 60 mg denosumab dose with frequent monitoring 

of serum calcium concentration, 4 of 26 patients (15.4%) with 

mild or moderate CKD (eGFR of 30–89 mL/min/1.73 m2) 

demonstrated a reduction in calcium concentration ,8.0 mg/

dL.11 On the other hand, in a major clinical trial, only 1.5% 

of patients had serum calcium concentrations ,8.5 mg/dL 

30 days after administration of a single 60 mg denosumab 

dose.23 Although denosumab-induced hypocalcemia inci-

dence has varied considerably across studies, in general, time 

to nadir is approximately 1–2 weeks.24,25 Indeed, in the current 

study, serum calcium concentration reached a nadir by that 

time in 45 of 85 patients (52.9%). Therefore, monitoring of 

calcium concentrations before and during the first 2 weeks 

after denosumab administration is recommended.

While a sizeable minority developed hypocalcemia, only 

1 patient developed grade 2 hypocalcemia (corrected serum 

calcium concentration of 7.9–7.0 mg/dL). All patients who 

developed hypocalcemia were asymptomatic (although 

symptoms are not always linked to hypocalcemia severity) 

and recovered quickly after receiving temporary oral calcium 

(1,000–3,000 mg/daily). It is possible that severe hypocal-

cemia was mitigated by this oral calcium supplementation. 

To identify risk factors for hypocalcemia, we first compared 

various baseline clinical demographic parameters between 

hypocalcemic and normocalcemic patients following deno-

sumab administration. Although patients who developed 

hypocalcemia had normal baseline calcium concentrations, 

the mean was slightly lower than in those who did not have 

normal baseline calcium concentrations, consistent with 

recent findings by Autio et al.26 In contrast, other reports 

found no significant difference in baseline serum corrected 

calcium concentration between hypocalcemic and normo-

calcemic groups.17,18 Nevertheless, hypocalcemia should be 

corrected prior to administration of denosumab.

Although both BAP and total P1NP are categorized as 

bone formation markers, there was no correlation between 

BAP and hypocalcemia in univariate logistic regression 

analysis. This difference might be due to the fact that P1NP 

has several practical advantages, including its low diurnal 

variability and stability at room temperature, good precision, 

and low intraindividual variability.27 Multivariate logistic 

regression analysis revealed that higher baseline BTMs 

were significant independent risk factors for hypocalcemia 

induced by denosumab even after adjusting for baseline 

serum corrected calcium concentration and eGFR. Therefore, 

Table 2 Univariate logistic regression analysis of risk factors for 
denosumab-induced hypocalcemia

Factor OR (95% CI) P-value

Total P1nP (per 10 μg/l increase) 1.265 (1.096–1.461) 0.001*
TRaCP-5b (per 10 mU/dl increase) 1.041 (1.013–1.070) 0.004*
Urinary nTX (per 10 nmol BCe/mmol 
Cr increase)

1.300 (1.100–1.537) 0.002*

Note: *P,0.05.
Abbreviations: OR, odds ratio; CI, confidence interval; P1NP, N-terminal 
propeptide of type 1 procollagen; TRaCP-5b, tartrate-resistant acid phosphatase 5b; 
NTX, cross-linked N-telopeptide of type 1 collagen; BCE, bone collagen equivalent; 
Cr, creatinine.

Table 3 Multivariate logistic regression analysis of risk factors for denosumab-induced hypocalcemia

Factor OR (95% CI) P-value Adjusted ORa (95% CI) P-value

Total-P1nP (#76.5 μg/l) 1 (reference) – 1 (reference) –
Total-P1nP (.76.5 μg/l) 8.242 (2.785–24.391) ,0.001* 10.600 (3.070–36.598) ,0.001*
TRaCP-5b (#474 mU/dl) 1 (reference) – 1 (reference) –
TRaCP-5b (.474 mU/dl) 4.333 (1.491–12.598) 0.007* 4.596 (1.466–14.405) 0.009*
Urinary nTX (#49.5 nmol BCe/mmol Cr) 1 (reference) – 1 (reference) –
Urinary nTX (.49.5 nmol BCe/mmol Cr) 4.970 (1.702–14.514) 0.003* 4.749 (1.527–14.775) 0.007*

Notes: ORs and 95% Cis for hypocalcemia by BTMs. aadjusted for egFR and baseline serum corrected calcium concentration. *P,0.05.
Abbreviations: P1nP, n-terminal propeptide of type 1 procollagen; TRaCP-5b, tartrate-resistant acid phosphatase 5b; nTX, cross-linked n-telopeptide of type 1 collagen; 
BCE, bone collagen equivalent; Cr, creatinine; OR, odds ratio; CI, confidence interval; BTM, bone turnover marker; eGFR, estimated glomerular filtration rate.
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we suggest that these BTMs may be useful noninvasive 

clinical markers to predict hypocalcemia in clinical practice. 

Although the underlying mechanisms remain to be studied, 

it is possible that patients dependent on high bone turnover 

to maintain normal serum calcium concentrations are more 

sensitive to bone turnover inhibition by denosumab. Some 

earlier reports support this interpretation. The majority of 

patients in a couple of studies developed hypocalcemia 

after a first dose of either 60 mg or 120 mg denosumab.14,26 

This may be explained by most patients having low bone 

turnover after the first course of denosumab. Furthermore, 

some previous studies17,18 have reported that prior use of 

zoledronic acid reduced the incidence of denosumab-induced 

hypocalcemia. Although they provided other reasons, this 

effect is most likely because of the induction of low bone 

turnover after zoledronic acid administration. Secondary 

hyperparathyroidism has been suggested to increase the 

risk of hypocalcemia.8,11 It is generally agreed that second-

ary hyperparathyroidism accelerates bone resorption and 

formation. These evidences strongly suggest that high bone 

turnover is associated with hypocalcemia.

Unlike several previous studies, kidney insufficiency 

did not appear to be a risk factor for denosumab-induced 

hypocalcemia in the current study.11,17,18 The reasons for these 

are as follows: 1) Only patients with relatively mild renal 

impairment were included. To focus on searching for the other 

factors leading to hypocalcemia. 2) All patients received pro-

phylactic drugs (active vitamin D and calcium), and previous 

studies showing that lower baseline eGFR values are a sig-

nificant risk factor for hypocalcemia included patients who 

did not receive supplementation.11,18 3) We used eldecalcitol, 

which is approved for the treatment of osteoporosis in Japan 

as a prophylactic drug for all patients.28,29 Eldecalcitol - 1α, 

25-dihydroxy-2β-(3-hydroxypropyloxy) vitamin D
3
 - is an 

orally administered analog of 1α, 25-dihydroxyvitamin D
3
, 

otherwise known as calcitriol or 1,25(OH)
2
D

3
. As it has a 

longer half-life with lower clearance rate and stronger vitamin 

D receptor-mediated effects than alfacalcidol, eldecalcitol is 

more effective for increasing serum calcium concentration 

than alfacalcidol.30

Elevated PTH following denosumab administration also 

contributed to serum calcium maintenance. PTH acts to 

increase the serum concentration of calcium by promoting 

the formation of 1,25(OH)
2
D within the kidney, thereby 

facilitating calcium absorption by the small intestine, and by 

augmenting active renal calcium absorption.31

Although we did not identify other factors associated 

with hypocalcemia induced by denosumab, comorbidities 

impairing calcium absorption may have also contributed 

to the development of hypocalcemia. It is well known that 

glucocorticoids decrease intestinal calcium absorption by 

decreasing calcium channel expression in the duodenum and 

by increasing calcium loss through the kidneys.32–34 Similarly, 

patients with a history of gastrointestinal surgery may be at 

a higher risk of denosumab-induced hypocalcemia.35

Limitations
The current study has several limitations. 1) The number of 

patients was not large enough to draw conclusions on the risk 

of severe hypocalcemia. 2) We did not assess the effect of 

severe renal impairment. Further prospective analyses with 

more patients, including those with severe renal dysfunction, 

are warranted. 3) In routine medical practice, the background 

of patients might vary widely compared to that of the patients 

in this study. For instance, patients who have suffered a frac-

ture within a year before denosumab administration might 

exhibit differences in changes in their BTMs.36 4) Although 

patients with osteoporosis are more likely to have a history 

of inadequate dietary calcium intake,37 we could not evaluate 

the oral calcium intake of the patients in daily life. 5) We 

were unable to assess the effect of 25(OH)D, because we did 

not correct for 25(OH)D at baseline. However, vitamin D 

deficiency is strongly associated with serum calcium concen-

trations because 1,25-dihydroxyvitamin D stimulates calcium 

absorption in the intestines and bone mineralization.38

Conclusion
This is the first study to demonstrate an association between 

high bone turnover and risk of denosumab-induced hypocal-

cemia. We suggest that BTMs are potentially useful for 

prediction of hypocalcemia following denosumab treat-

ment. Appropriate assessments before administration of 

denosumab, including baseline serum calcium, phosphorus, 

PTH, vitamin D, and eGFR, will help identify patients at 

greater risk of hypocalcemia induced by denosumab. Routine 

measurement of serum calcium concentrations approximately 

1–2 weeks after denosumab administration is recommended 

for patients with high bone turnover for timely detection and 

early treatment initiation.
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