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After discontinuation of bisphosphonate therapy, an antiresorptive effect and antifrac-
ture protection persist for an undefined period. Patients are encouraged to continue cal-
cium and vitamin D supplementation, during a bisphosphonate drug holiday. However, 
assessment of adequate calcium intake during the bisphosphonate drug holiday is diffi-
cult. Therefore, we measured the serum intact parathyroid hormone (PTH) level as a sur-
rogate marker. A premenopausal woman discontinued bisphosphonate therapy, after 
7.5 years of treatment. Two months later, blood calcium and phosphorus levels were 
normal, serum 25-hydroxyvitamin D level was 31.3 ng/mL, but serum PTH level had in-
creased to 94.9 pg/mL. The elemental calcium supplement dose was increased to 600 
mg/day, with no change in the cholecalciferol dose (400 IU). Her serum PTH levels de-
creased to 49.1 after 4 months and 32.9 pg/mL after 5 months. The serum PTH level may 
be helpful in assessing adequate calcium intake during a bisphosphonate drug holiday.
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INTRODUCTION

Osteoporosis is a skeletal disorder characterized by compromised bone strength 
(reflecting a combination of bone density and bone quality), predisposing an in-
dividual to an increased risk of fracture (National Institutes Consensus Develop-
ment Conference in March 2000).[1] Bisphosphonates have been widely used as 
first-line therapy with proven antifracture efficacy in patients with osteoporosis, 
reducing the risk of fracture at the hip, vertebrae, and other nonvertebral sites.
[2,3] Bisphosphonates bind to hydroxyapatite crystals in bone, particularly at sites 
of active bone remodeling, and decrease bone resorption by inhibiting osteoclast 
function, with a consequent increase in bone mass, mainly due to refilling of the 
remodeling space and an increase in bone mineralization.[4-6] However, bisphos-
phonate therapy has been associated with adverse events such as acute-phase 
reaction, hypocalcemia, esophageal disease, atrial arrhythmia, osteonecrosis of 
the jaw, atypical femur fracture, and severe suppression of bone turnover.[2,5,6] 
The effects of most therapies resolve immediately after drug discontinuation, but 
those of bisphosphonates do not. If the adverse effects of these drugs are associ-
ated with the long residence time in bone, resolution of these adverse effects may 
take a long time.[2] Bisphosphonates accumulated in bone after years of treatment 
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are gradually released over years,[2,5,6] and therefore, dis-
continuation of bisphosphonate therapy is associated with 
an antiresorptive effect and antifracture protection persist-
ing for an undefined period, and results in a minimization 
of the potential risks of adverse events.[2,7] 

Ott[8] recommends that patients who discontinue bisphos
phonate treatment are encouraged to continue calcium 
and vitamin D supplementation, although there are no clin-
ical data on how patients should be managed and moni-
tored during a bisphosphonate drug holiday. Calcium and 
vitamin D supplements are known to be beneficial for bone 
health.[9] Recently, however, the cardiovascular safety of 
calcium supplements has been questioned,[10-12] and 
calcium supplementation may be inadequate in some pa-
tients during the bisphosphonate drug holiday. Assess-
ment of adequate calcium intake from dietary and/or sup-
plemental sources is difficult, especially when the serum 
vitamin D level is neither insufficient nor deficient. There-
fore, we suggest that the serum intact parathyroid hormone 
(PTH) level may help in assessing the achievement of ade-
quate calcium intake, because some of the bound bisphos-
phonate is released from bone and is metabolically active, 
[2] causing calcium efflux inhibition,[13] and increasing se-
rum PTH level in cases of insufficient calcium supplemen-
tation during a bisphosphonate drug holiday.

In the case reported here, calcium supplementation dur-
ing the bisphosphonate drug holiday was not adequate. 
The patient’s serum PTH level increased, although the se-
rum calcium and 25-hydroxyvitamin D (25-[OH]D) levels 
were within the normal range during the bisphosphonate 
drug holiday. Further to our recommendation, the dose of 
calcium supplements was increased, and the patient’s se-
rum PTH level normalized.

CASE

The 37-year-old Korean woman (height, 161.5; weight, 
51.5 kg; body mass index, 19.7 kg/m2) was referred from a 
health promotion center for low bone mineral density (BMD). 
She was normally menstruating, premenopausal, and was 
a housewife. She had no history of pregnancy, breastfeed-
ing, oligo- or amenorrhea, or other history consistent with 
premenopausal estrogen deficiency, fractures, or kidney 
stones. She did not take any medication. She did not exer-
cise on a regular basis. Regarding family history, her moth-

er had gastric cancer and osteoporosis but no history of 
fracture. There were no symptoms or signs of secondary 
causes of osteoporosis such as Cushing’s syndrome, thyro-
toxicosis, celiac disease, malabsorption, early menopause, 
renal or liver disease, rheumatoid arthritis, systemic lupus 
erythematosus, or other inflammatory conditions, or con-
nective tissue disorders during the physical examination.

The laboratory evaluation aimed to identify secondary 
causes of osteoporosis. Laboratory blood test results were 
as follows: leukocyte count, 4,030/μL; hemoglobin level, 
12.8 g/dL; mean corpuscular volume, 88.2 fL; aspartate 
aminotransferase level, 11 IU/L (normal range, 0-40 IU/L); 
alanine aminotransferase level, 20 IU/L (normal range, 0-40 
IU/L); γ-gamma-glutamyl transpeptidase level, 17 IU/L (nor-
mal range, 11-50 IU/L); alkaline phosphatase level, 65 IU/L 
(normal range, 38-126 IU/L); total protein level, 7.0 g/L (nor-
mal range, 6-8 g/L); albumin level, 4.0 g/L (normal range, 
3.1-5.2 g/L); uric acid level, 4.1 mg/dL (normal range, 3-7 
mg/dL); creatinine level, 0.7 mg/dL (normal range, 0.5-1.1 
mg/dL); fasting blood glucose level, 75 mg/dL; total cho-
lesterol level, 88 mg/dL; triglyceride level, 75 mg/dL; low 
density lipoprotein-cholesterol level, 79 mg/dL; high den-
sity lipoprotein-cholesterol level, 40 mg/dL; sodium level, 
140 mEq/L (normal range, 136-142 mEq/L); potassium lev-
el, 3.9 mEq/L (normal range, 3.5-5.3 mEq/L); calcium level, 
8.4 mg/dL (normal range, 8.2-10.8 mg/dL); phosphorus 
level, 2.8 mg/dL (normal range, 2.5-4.5 mg/dL); and intact 
PTH level, 26.1 pg/mL (normal range, 13-54 pg/mL). With 
regard to bone turnover markers, the serum osteocalcin 
level was 14.5 ng/mL (normal range, 4-12 ng/mL) and the 
urinary free deoxypyridinoline/creatinine ratio was 8.0 nmol/ 
mmol (normal range, 3.0-7.4 nmol/mmol). In thyroid func-
tion tests, the free T4 level was 13.3 pmol/L (normal range, 
10.0-28.2 pmol/L) and the thyroid stimulating hormone 
level was 2.2 mIU/L (normal range, 0.5-4.7 mIU/L). The se-
rum estradiol level was 97.4 pg/mL (normal range, 18.9-
570.8 pg/mL in normally menstruating females) and the 
follicle stimulating hormone level was 3.3 IU/L (normal 
range, 1.5-33.4 IU/L in normally menstruating females). 
Urinalysis findings were normal. Findings of radiologic eval-
uations, including abdominal, pelvic, and thyroid ultraso-
nography and chest radiography, were nonspecific. Dual 
energy X-ray absorptiometry (DXA) Norland (Norland Corp., 
Fort Atkinson, WI, USA) was used to measure BMD in the 
lumbar vertebrae L2-L4 (BMD 0.635 g/cm2, T-score -4.3, Z-
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score -3.6) and femoral neck (BMD 0.634 g/cm2, T-score 
-2.4, Z-score -2.4).

The patient had no evidence of other medical diseases 
or secondary osteoporosis as determined by physical ex-
amination and laboratory evaluation. The patient with a 
BMD Z-score -3.6 of the lumbar vertebrae L2-L4 and a Z-
score -2.4 of femoral neck was categorized as having BMD 
that is “below expected range for age” in premenopausal 
woman. The patient’s condition was diagnosed as idiopath-
ic osteoporosis. We prescribed 10 mg alendronate, 600 mg 
elemental calcium, and 400 IU cholecalciferol (vitamin D3) 
daily to treat as well as prevent further progression of the 
osteoporosis, because she did not want to get pregnant 
and her BMD Z-score for the lumbar vertebrae L2-L4 was 
-3.6. The treatment was continued for 4 years and 6 months 
and then changed to a combination of alendronate (70 mg) 
and cholecalciferol (5,600 IU) (Fosamax Plus D 70 mg) once 
weekly for 3 years. Therefore, the total duration of bisphos-
phonate therapy was 7 years and 6 months. Evaluations 
such as physical examination, regular BMD measurement, 
blood biochemistry tests, bone turnover marker measure-
ment, lipid profile analysis, urinalysis, and radiologic stud-
ies were performed during treatment. 

At 7 years and 6 months of bisphosphonate treatment, 
BMD was measured using Lunar iDXA (GE Healthcare Lu-
nar, Madison, WI, USA). BMD in the lumbar vertebrae L2-L4 
was 0.763 g/cm2 (T-score -3.4, Z-score -3.0) and that in the 
femoral neck was 0.739 g/cm2 (T-score -1.7, Z-score -1.3) 
(Table 1). After treatment, the percentage change in BMD 
was 20% for L2-L4 and 17% for the femoral neck (Table 1). 
The serum level of the bone turnover marker C-terminal 
telopeptides type I collagen was 0.17 ng/mL (normal range, 
0.01-0.60 ng/mL in premenopausal women) before the 
start of the drug holiday (baseline). We discussed the de-
tails of a bisphosphonate drug holiday with the patient. A 

drug holiday was recommended because the T-score was 
-1.7 and the Z-score was -1.3 for the femoral neck after 7 
years and 6 months of bisphosphonate treatment and be-
cause there was no fracture during bisphosphonate (alen-
dronate) therapy. The patient decided to take a bisphos-
phonate drug holiday. She started to take a multivitamin 
including 100 mg elemental calcium and 400 IU cholecal-
ciferol without bisphosphonate. Two months later, her cal-
cium level was 8.7 mg/dL; phosphorus level, 2.8 mg/dL; 
and serum PTH level, 94.9 pg/mL. Because of the increased 
PTH level, we measured the serum 25-(OH)D level, which 
was 31.3 ng/mL, and 24-hour calcium excretion, which 
was 171.4 mg (normal range, 100-300 mg). The serum PTH 
level was measured using the ADVIA Centaur XP Immuno-
assay System (Siemens Healthcare Diagnostics Inc., Tarry-
town, NY, USA). The serum 25-(OH)D level was measured 
using chemiluminescent immunoassay LIAISON® 25-(OH)
D TOTAL Assay kit (DiaSorin Inc., Stillwater, MN, USA) on a 
LIAISON® automatic analyzer (DiaSorin Inc.). Because the 
serum PTH level had increased to 94.9 pg/mL, although 
the patient did not show a vitamin D deficiency (serum 25-
[OH]D level, 31.3 ng/mL), we recommended increasing the 
amount of supplemental calcium to 600 mg/day elemen-
tal calcium (1,500 mg/day as calcium carbonate) with no 
change in the cholecalciferol dose (400 IU). Dairy product 
intake or calcium intake from dietary sources assessed by 
dietitian were not changed before, during bisphosphonate 
treatment, or after bisphosphonate discontinuation. Four 
months later, the patient’s serum calcium level was 8.6 mg/ 
dL; phosphorus level, 2.3 mg/dL; and PTH level, 49.1 pg/mL. 
Five months later, her serum calcium level was 8.9 mg/dL; 
phosphorus level, 2.8 mg/dL; and PTH level, 32.9 pg/mL 
(completely normalized, Fig. 1). She is currently being fol-
lowed up without complications.

DISCUSSION

Whitaker et al.[14] suggested that the decision regard-
ing a bisphosphonate drug holiday in patients with osteo-
porosis must be based on patient preference and on indi-
vidual assessment of the potential benefits and risks, to 
optimize the efficacy of bisphosphonate treatment. These 
suggestions were based on 3 long-term extension clinical 
trials (treatment duration, 6-10 years): the Fosamax Frac-
ture Intervention Trial Long-Term Extension (FLEX), the Re-

Table 1. Changes of bone mineral density by dual-energy x-ray ab-
sorptiometry after bisphosphonate treatment

Before 
treatment

After 
treatment

% change of BMD 
after treatment

BMD (g/cm2), L2-L4
   T-score, L2-L4
   Z-score, L2-L4

0.635
-4.3
-3.6

0.763
-3.4
-3.0

20%

BMD (g/cm2), Femoral neck
   T-score, Femoral neck
   Z-score, Femoral neck

0.634
-2.4
-2.4

0.739
-1.7
-1.3

17%

BMD, bone mineral density; L, lumbar.
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clast Health Outcomes and Reduced Incidence with Zole-
dronic Acid Once Yearly-Pivotal Fracture Trial (HORIZON-PFT) 
extension, and the Actonel Vertebral Efficacy with Risedro-
nate Therapy-Multinational Trial (VERT-MN) extension. Ac-
cording to Black et al.,[15] patients with low BMD at the 
femoral neck and a T-score of less than -2.5 after 3-5 years 
of treatment and patients with an existing vertebral frac-
ture who have a T-score not higher than -2.0 may benefit 
from continued bisphosphonate treatment, whereas those 
with a femoral neck T-score above -2.0 and a low risk of 
vertebral fracture are unlikely to benefit from such contin-
ued therapy. However, until now, there have been no sug-
gestions or studies about a bisphosphonate drug holiday 
in premenopausal women. In our case, after 7.5 years of 
bisphosphonate (alendronate) therapy, the femoral neck T-
score was -1.7 and the femoral neck Z-score was -1.3; fur-
ther, no fracture occurred during bisphosphonate (alendro
nate) therapy. We discussed the bisphosphonate drug holi-
day with the patient, who decided to discontinue bisphos-
phonate treatment.

To date, there has been no guidance from clinical trials 
on how patients should be managed and monitored dur-
ing a bisphosphonate drug holiday or when therapy should 
be restarted after the bisphosphonate drug holiday. Mc-
Clung et al.[2] suggested that measuring BMD and bioche
mical bone turnover marker levels 2-3 years after bisphos-
phonate discontinuation may provide information about 
the persistence of the effect of the retained bisphospho-
nate in bone. Ott[8] recommends that patients who dis-
continue bisphosphonate be encouraged to continue cal-
cium and vitamin D supplementation. Physicians can as-

sess the vitamin D nutritional status by measuring the se-
rum 25-(OH)D level. However, assessment of adequate cal-
cium intake from dietary and/or supplemental sources is 
difficult, especially when the serum vitamin D level is nei-
ther insufficient nor deficient.

Sunlight and diet are the 2 major natural sources of vita-
min D, although sunlight is the major contributor, as nor-
mal diets have low vitamin D content.[16] Many individu-
als aged >50 years take vitamin D supplements, and the 
average vitamin D intake is approximately 400 IU daily.[16, 
17] During the bisphosphonate drug holiday, our patient 
took 400 IU/day vitamin D (as cholecalciferol). Vitamin D 
deficiency, insufficiency, and sufficiency are defined by the 
level of serum 25-(OH)D.[16] Vitamin D deficiency is char-
acterized by intestinal malabsorption of calcium and phos-
phorus, hypocalcemia, low 1,25-(OH)D levels, secondary 
hyperparathyroidism, and demineralization of bone.[16] In 
2011, the Institute of Medicine defined vitamin D insuffi-
ciency as a level of <20 ng/mL,[17] and The Endocrine So-
ciety defined it as a level of 20-29 ng/mL,[18] but the se-
rum levels of 25-(OH)D that define vitamin D insufficiency 
and deficiency have not been established.[16] The serum 
25-(OH)D threshold is 5-10 ng/mL for normal calcium ab-
sorption.[19] The serum PTH level is inversely related to 
the serum 25-(OH)D level; with an increase in the serum 
25-(OH)D level, there is a decrease in the serum PTH level 
that usually reaches a plateau.[16,20,21] The serum 25-
(OH)D level at which the serum PTH levels plateaus varies 
from 12 to 50 ng/mL (with most values being <30 ng/mL).
[16,20] During the bisphosphonate drug holiday, the se-
rum 25-(OH)D level of our patient was 31.3 ng/mL and 24-
hour calcium excretion was 171.4 mg (normal range, 100-
300 mg), with an increase in the serum PTH level to 94.9 
pg/mL (normal range, 13-54 pg/mL). Our patient had nei-
ther urinary calcium loss nor vitamin D insufficiency or de-
ficiency.

For decades, the use of calcium supplements in healthy 
adults has been a consistent public health message.[22] 
When calcium intake from dietary and/or supplemental 
sources is insufficient, compensatory loss of calcium from 
the bone occurs.[23] The calcium concentration in extra-
cellular fluid is tightly maintained within a narrow range.
[23] The bone, the gut, and the kidney play a major role in 
calcium homeostasis.[23] The bone is the major calcium 
reservoir in the body.[23] Ordinarily, as a result of normal 

Fig. 1. Serum parathyroid hormone levels during the bisphosphonate 
drug holiday. This scheme shows the serum parathyroid hormone 
levels of the patient who was taking elemental calcium supplements, 
2 months, 6 months, and 7 months after the start of the bisphospho-
nate drug holiday. 25-(OH)D, 25-hydroxyvitamin D; PTH, intact para-
thyroid hormone.

Serum PTH level

Bisphosphonate
drug holiday

Two months Four months

Elemental
calcium supplements

Cholecalciferol
supplements

Serum 25-(OH)D level

2 Months
later

7 Months
later

31.3 ng/mL

32.9 pg/mL 49.1 pg/mL 94.9 pg/mL 

One month

600 mg/d 100 mg/d 

6 Months
later

400 IU/d 400 IU/d
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bone turnover, approximately 500 mg of calcium per day is 
released from bone and an equivalent amount is accreted 
to bone daily.[23] Because bisphosphonates are potent in-
hibitors of osteoclastic bone resorption, such inhibition re-
duces calcium efflux from the skeleton, which is normally 
followed by transient slight hypocalcemia during bisphos-
phonate drug therapy.[13] Most patients do not become 
hypocalcemic because of the compensatory increase in PTH 
secretion during bisphosphonate therapy.[13] Bisphospho
nates require adequate calcium intake to deposit new bone 
mineral.[24] Calcium supplements or combination calcium/ 
vitamin D supplements are recommended during bisphos-
phonate therapy to maximize the efficacy of bisphospho-
nate therapy.[24,25] It is reasonable then that patients take 
calcium and vitamin D supplements during the bisphos-
phonate drug holiday, during which period the effect of 
the retained bisphosphonate in bone might persist.[2] How-
ever, calcium supplements have been reported to increase 
the risk of cardiovascular events and stroke,[10-12,26] al-
though a causal relationship between calcium supplemen-
tation and cardiovascular events remains inconsistent and 
inconclusive.[22] It is now generally recommended that 
our calcium requirement should be obtained from dietary 
source, rather than from supplemental source.[26-28] Some 
patients, therefore, do not take enough calcium supple-
ments during the bisphosphonate drug holiday. Our pa-
tient also did not take enough calcium supplements. It is 
difficult for clinicians to assess whether patients achieve 
adequate calcium intake from dietary and/or supplemen-
tal sources during a bisphosphonate drug holiday, espe-
cially when the serum vitamin D level is neither insufficient 
nor deficient, as was the case in our patient. We postulated 
that in this situation, the serum PTH level may be helpful in 
assessing whether a patient had achieved an adequate 
calcium intake. After discontinuing bisphosphonate treat-
ment, our patient started taking a multivitamin supple-
ment containing 100 mg elemental calcium and 400 IU 
cholecalciferol. Two months later, the patient’s blood calci-
um and phosphorus levels were normal, and serum PTH 
level had increased to 94.9 pg/mL. At this time, the patient’s 
serum 25-(OH)D level was 31.3 ng/mL; therefore, the ele-
mental calcium dose was increased to 600 mg with no 
change in the cholecalciferol dose (400 IU). Four months 
later, the serum PTH level was 49.1 pg/mL, and 5 months 
later, this level had completely normalized to 32.9 pg/mL. 

We believe that our case report is of considerable interest 
to the medical community dedicated to understanding 
the relationships between the serum PTH level, calcium 
supplementation, and the sustained effect of the retained 
bisphosphonate in bone during a bisphosphonate drug 
holiday. This study had one limitation in that we measured 
BMD initially using DXA Norland but BMD at the follow-up 
was measured using Lunar iDXA. In conclusion, adequate 
calcium and vitamin D supplementation is important for 
patients who cannot achieve an adequate dietary calcium 
intake after bisphosphonate discontinuation, and the se-
rum PTH level may be helpful in assessing whether a pa-
tient has achieved adequate calcium intake during a bispho
sphonate drug holiday.
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