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Nadia Ayasreh, Patricia Fernandez-Llama, MJ Lloret, Iara Da Silva, Jose Ballarín and Jordi Bover

Servicio Nefrología, Fundació Puigvert, IBB Sant Pau, Barcelona, Spain

Correspondence and offprint requests to: N. Ayasreh; E-mail: nayasreh@fundacio-puigvert.es

Keywords: chronic kidney disease; hypercalcaemia; osteoporosis; teriparatide

Introduction

Teriparatide (Forsteo®) is a recombinant drug of the para-
thyroid hormone (PTH) family (it is the N-terminal se-
quence of 34 amino acids of the endogenous human
PTH) that promotes bone formation through its direct
effect on osteoblasts, indirectly increasing calcium re-
sorption by the tubules as well as phosphate excretion by
the kidneys. Its main indication is the treatment of osteo-
porosis [1, 2]. The use of teriparatide has been associated
with, among other potential side-effects, the infrequent
induction of mild hypercalcaemic episodes. However, the
possibility of acute renal insufficiency or worsening of
prior chronic kidney disease (CKD) has not been suffi-
ciently emphasized.

Here, we present the case of a 77-year-old male re-
ferred to our centre with acute impairment of renal func-
tion within the context of frequent use of nonsteroidal
anti-inflammatory agents as well as drugs potentially
causing hypercalcaemia, among which teriparatide was
outstanding. This paper stresses some basic aspects of
the diagnosis and current treatment of osteoporosis in
patients with renal impairment and highlights the fact
that teriparatide is contraindicated when CKD and sec-
ondary hyperparathyroidism are present.

Case description

A 77-year-old male was referred to our clinic by his
primary care centre owing to acute deterioration of renal
function and toxic syndrome.

The patient was a pacemaker bearer, former smoker,
hypertensive and suffered from dyslipidaemia, hyperuri-
caemia, severe chronic obstructive pulmonary disease
and ischaemic heart disease. The patient had been fol-
lowed up in rheumatology for the last 2 years because of
vertebral crushing at D6 and had been diagnosed with
both osteoporosis and degenerative osteoarthropathy at
several locations, all of which gave rise to systemic bone
pain. Treatment with teriparatide 20 μg 1 vial/day and
cholecalciferol/calcium (1000 mg/880 IU) one tablet/day
had been started 1 year previously. The patient was also

on acetylsalicylic acid 100 mg/day, allopurinol 100 mg/
day, furosemide 20 mg/day, omeprazole 20 mg/day, tra-
madol/paracetamol 37.5/325 mg as needed, simvastatin
20 mg/day and valsartan 40 mg/day; furthermore, he
inhaled bronchodilators and quite frequently took non-
steroidal anti-inflammatory agents.

The ambulatory follow-up lab tests showed a baseline
creatinine of 104–121 μmol/L (1.18–1.37 mg/dL) and an
eGFR (estimated glomerular filtration rate) by the CKD-EPI
formula of 50–59 mL/min/1.73 m2, which disclosed the
presence of undiagnosed CKD in stage 3A. Neither base-
line PTH nor vitamin D had been determined. Impairment
of renal function was detected 1 year after follow-up,
with creatinine 220 μmol/L (2.5 mg/dL) (eGFR 24 mL/min/
1.73 m2). The patient was referred to us owing to this
deterioration in renal function. His vital signs and physical
examination results were unremarkable.

At the blood tests initially performed at our centre,
creatinine was 220 μmol/L (2.5 mg/dL), calcium 3.23
mmol/L (12.92 mg/dL), phosphorus 0.91 mmol/L (2.81
mg/dL) and haemoglobin 127 g/L. Urinalysis showed
neither microhaematuria nor proteinuria. Urinary sodium
was 55 mEq/L, with a 3% fractional excretion of sodium.
Renal ultrasound scan was strictly normal.

The patient was admitted with the diagnosis of CKD
probably secondary to nephroangiosclerosis, worsened
within the context of hypercalcaemia. A blood proteino-
gram was requested and proved to be normal, as did
levels of tumour markers. Other laboratory test results
were intact PTH (iPTH) (12.2 ng/L; N = 7–53), 25(OH)
vitamin D (calcidiol) (19.8 ng/mL; N > 20–30 ng/mL ac-
cording to different guidelines), 1,25(OH)2 vitamin D (cal-
citriol) (12 pg/mL; N = 16–56). Proteinuria was 0.13 g for
24 h and the Bence Jones proteinuria test was negative.

Chest, plain abdominal and spinal X-rays were ob-
tained; the presence of severe scoliosis, vertebral crushes
and osteophytes was outstanding.

The initial treatment consisted of intense fluid replace-
ment, to which intravenous furosemide was added 24 h
later and maintained for 5 days. Teriparatide and the
calcium and vitamin D supplements were discontinued,
after which a slow but steady improvement in renal
function and the blood calcium values were observed.
The patient was discharged 1 week after admission with
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creatinine 158 μmol/L (1.79 mg/dL) (eGFR 37 mL/min/
1.73 m2) and calcium 2.64 mmol/L (10.5 mg/dL),
with progressive clinical and lab test improvement. On
the last control, performed 18 months later, creatinine
was 123 μmol/L (eGFR 49 mL/min/1.73 m2), calcium 2.26
mmol/L (9.0 mg/dL), iPTH 57 ng/L (N = 7–53) and 25(OH)
vitamin D 23.2 ng/L. (Table 1).

Discussion

We have presented a case referred to our centre with
toxic syndrome, acute impairment of renal function and
significant hypercalcaemia, the major inducer of which
was his new treatment for osteoporosis—teriparatide.
Frequent use of anti-inflammatory drugs and calcium,
even at low doses, may have played a promoting (but not
a causative) role.

The importance of publishing this case is manifold. In
the first place, osteoporosis is a bone disease that is pro-
gressively being diagnosed by means of easily affordable
techniques, such as bone densitometry. In view of its
high prevalence among the general population, much
effort has been invested in achieving therapeutic ad-
vances, which include the recently launched teriparatide
or recombinant PTH [1–3].

Although from a nephrologic viewpoint it would seem a
paradox that teriparatide is a bone ‘anabolic’ agent, it
was approved by the Food and Drug Administration (FDA)
in November 2002 for single or combined treatment of os-
teoporosis in men and postmenopausal women with high
risk of fractures [2]. It is administered as a 20-μg daily
subcutaneous injection, over a maximum of 24 months.
Other potential indications for teriparatide are corticoid-
induced osteoporosis or other secondary forms [2]. We
now know that PTH administered as ‘subcutaneous’
pulses stimulates bone formation through its direct effect
on the bone-forming cells, further stimulating osteoblasts
rather than osteoclasts [1]. Thus, teriparatide triggers an
increase in the volume of bone deposited at each remo-
deling cycle, increases trabecular thickness, improves tra-
becular connectivity and increases cortical thickness and
bone size [2]. On the other hand, consideration needs to
be given to the consequences of ‘persistent’ elevation of
PTH, such as development toward CKD with secondary hy-
perparathyroidism, where a continuously elevated PTH
has noticeable ‘catabolic’ effects on bones [4].

Teriparatide, when compared with PTH (1–84), the
complete PTH sequence [5], has been shown to be
capable of reducing non-vertebral in addition to vertebral
fractures, has been available for longer and has been
associated with fewer instances of side-effects including
hypercalcaemia [6, 7].

Independently of the effects of these drugs on plasma
calcium, the technical data sheets limit their use, from a
pharmacologic–pharmacokinetic viewpoint, only to cases
of ‘severe’ kidney disease and patients with hypercalcae-
mia. However, from the nephrologic viewpoint it is impor-
tant to stress that no studies have been carried out on
their effects in patients with baseline secondary hyper-
parathyroidism (so common in CKD patients); for this
reason their use should be limited in this population, as
occurs with bisphosphonates [8]. Furthermore, as stated
by both international and national guidelines on the al-
terations of mineral metabolism in chronic kidney
disease (CKD-MBD), it is a well-known fact that bone
mineral density (BMD) does not reflect the underlying
bone pathology in CKD patients, and thus bone densito-
metry should not be usually indicated but in transplant
patients [8, 9]. In fact, BMD may be reduced in CKD
patients with either high or low bone remodelling, with
completely different appropriate therapeutic approaches
in each of these circumstances [8, 9].
In this context, it should be recalled that the preva-

lence of both osteoporosis and CKD increases with age.
The recently published Kidney Disease: Improving Global
Outcomes guidelines [8] recommend that stage 1–3 CKD
patients with osteoporosis and PTH in the normal range
should be treated similarly to the general population. On
the other hand, it is advisable that in patients with stage
3 CKD who have also CKD-related abnormalities of
mineral metabolism treatment decisions should consider
the possibility of performing a bone biopsy, and that in
stages 4–5 CKD a ‘bone biopsy’ is recommended before
deciding upon treatment with an antiresorptive medi-
cation, particularly bisphosphonates, owing to the fear of
perpetuating an adynamic bone disease. Beyond the
limits of the technical data sheet, a recombinant PTH
might be recommended on compassionate grounds as a
potential treatment only for ‘low-turnover’ bone disease
in CKD patients [9], according to sporadically reported
cases [10, 11].
Among the other side-effects of recombinant PTH,

hypercalcaemia should of course be mentioned [12, 13].
Hypercalcaemia >2.76 mmol/L (11.04 mg/dL) is considered
rare (≥1/1000 to <1/100), and hypercalcaemia >3.25 mmol/
L (13 mg/dL) is considered very rare. Other infrequent ne-
phrourologic adverse reactions associated with the use of
teriparatide are urinary incontinence, polyuria and urinary
urgency, potentially related to high serum calcium levels
as well [2]. Teriparatide is contraindicated in patients with
tumours or known bone metastases [5–7, 14].
Hypercalcaemia has been reported in 5% of patients

and basically in transient form, is limited to 4–6 h after
its subcutaneous injection [1]. Actually, sustained hyper-
calcaemia lasting long enough to develop severe

Table 1. Evolution of patient’s biochemical dataa

Baseline Admission
3
days later

Discharge
(7 days later)

6 months
later

12
months later

18
months later

Creatinine (mg/dL) 1.18-1.37 2.50 2.10 1.79 1.51 1.41 1.39
eGFR (mL/min/1,73 m2) 60-51 25 32 37 45 48 49
Calcium (mg/dL) NA 12.9 11.5 10.5 9.5 9.1 9.0
Phosphorus (mg/dL) NA 2.8 2.9 2.9 2.9 2.9 2.9
Intact PTH (ng/L) NA 12 28 32 50 61 57
Calcidiol (pg/mL) NA 12 NA NA 20 25 23

aeGFR, estimated glomerular filtration rate by the CKD-EPI formula; NA, not available.
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complications due to hypercalcaemia per se has only re-
cently been reported [15] and, according to both the FDA
and the product’s technical data sheet, calcium monitor-
ing is not necessary throughout the treatment. Hypercal-
caemia has mostly been seen in patients concomitantly
on calcium and vitamin D [12, 16]. We should stress that
the presence of an undiagnosed diminished eGFR or the
use of nephrotoxic drugs could be important contributing
factors, as in our case. Finally, it is noteworthy that hy-
percalcaemia presented in our patient with a suppressed
intact PTH due to PTH inhibition as a result of the pres-
ence of hypercalcaemia, and the absence of teriparatide
interaction with the measurement of intact PTH (iPTH
Roche Diagnostics), as would be expected from a trun-
cated molecule. The levels of calcidiol and calcitriol ruled
out vitamin D as the cause of hypercalcaemia and
showed renal 1-α-hydroxylase inhibition due to hypercal-
caemia, which exceeded the potential stimulating effect
of PTH on this enzyme.

Conclusions

The presented case highlights the fact that teriparatide
may be the cause of significant hypercalcaemia and
acute impairment of renal function. It is possible that
this adverse effect, hardly described in the literature, is
more frequent in elderly patients where undiagnosed
CKD is usual. For this reason we believe that, beyond the
recommendations of the technical data sheet, before ter-
iparatide is prescribed, both a screening for CKD and
measurement of basal PTH should be performed, and
that a periodic control of renal function and plasma
calcium levels should also be guaranteed.

Teaching points

(i) Teriparatide, a N-terminal sequence of PTH, is a
new bone anabolic treatment for osteoporosis.

(ii) Teriparatide may be a cause of hypercalcaemia and
renal failure.

(iii) It should be stressed that bone densitometry does
not reflect the underlying bone pathology in CKD
patients.

(iv) Teriparatide prescription should be preceded by
creatinine and eGFR evaluation, as well as basal
levels of PTH, to rule out both CKD and secondary
hyperparathyroidism.

Conflict of interest statement. None declared.

References

1. Neer RM, Arnaud CD, Zanchetta JR et al. Effect of parathyroid
hormone (1–34) on fractures and bone mineral density in

postmenopausal women with osteoporosis. N Engl J Med
2001; 344: 1434–1441

2. Hodsman AB, Bauer DC, Dempster DW et al. Parathyroid
hormone and teriparatide for the treatment of osteoporosis:
a review of the evidence and suggested guidelines for its
use. Endocr Rev 2005; 26: 688–703

3. Rachner TD, Khosla S, Hofbauer LC. Osteoporosis: now and
the future. Lancet 2011; 377: 1276–1287

4. Frolik CA, Black EC, Cain RL et al. Anabolic and catabolic
bone effects of human parathyroid hormone (1–34) are pre-
dicted by duration of hormone exposure. Bone 2003; 40:
372–379

5. Verhaar HJ, Lems WF. PTH-analogs: comparable or different?
Arch Gerontol Geriatr 2009; 49: 130–132

6. Greenspan SL, Bone HG, Ettinger MP et al., Treatment of Os-
teoporosis with Parathyroid Hormone Study Group. Effect of
recombinant human parathyroid hormone (1–84) on ver-
tebral fracture and bone mineral density in postmenopausal
women with osteoporosis: a randomized trial. Ann Intern
Med 2007; 146: 326–339

7. Tashjian AH Jr, Gagel RF. Teriparatide [human PTH(1–34)]: 2.5
years of experience on the use and safety of the drug for the
treatment of osteoporosis. J Bone Miner Res 2006; 21:
354–365

8. Kidney Disease: Improving Global Outcomes (KDIGO) CKD-
MBD Work Group. KDIGO Clinical practice guideline for the di-
agnosis, evaluation, prevention, and treatment of chronic
kidney disease-mineral and bone disorder (CKD-MBD). Kidney
Int Suppl 2009; 113: 1–130

9. Torregrosa JV, Bover J, Anday JC et al. Recomendaciones de la
Sociedad Española de Nefrología para el manejo de las alter-
aciones del metabolismo óseo-mineral en los pacientes con
enfermedad renal crónica [Recommendations of the Spanish
Society of Nephrology for the management of disturbances in
bone-mineral metabolism in patients with chronic kidney
disease] (S.E.N.-MM). Nefrologia 2011; 31: 3–32

10. Cejka D, Kodras K, Bader T et al. Treatment of hemodialysis-
associated adynamic bone disease with teriparatide
(PTH(1–34)): a pilot study. Kidney Blood Press Res 2010; 33:
221–226

11. Mitsopoulos E, Ginikopoulou E, Economidou D et al. Impact
of long-term cinacalcet, ibandronate or teriparatide therapy
on bone mineral density of hemodialysis patients: a pilot
study. Am J Nephrol 2012; 36: 238–244

12. Miller PD. Safety of parathyroid hormone for the treatment
of osteoporosis. Curr Osteoporos Rep 2008; 6: 12–16

13. Wermers RA, Recknor CP, Cosman F et al. Effects of teripara-
tide on serum calcium in postmenopausal women with os-
teoporosis previously treated with raloxifene or alendronate.
Osteoporos Int 2008; 19: 1055–1065

14. Harper K, Krege JH, Marcus R et al. Osteosarcoma and teri-
paratide? J Bone Miner Res 2007; 22: 334

15. Karatoprak C, Kayatas K, Kilicaslan H et al. Severe hypercal-
cemia due to teriparatide. Indian J Pharmacol 2012; 44:
270–271

16. Miller PD, Schwartz EN, Chen P et al. Teriparatide in postme-
nopausal women with osteoporosis and mild or moderate
renal impairment. Osteoporos Int 2007; 18: 59–68

Received for publication: 16.5.12; Accepted in revised form: 24.9.12

Recombinant PTH 95



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


