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Abstract 
Serum procollagen type I N-propeptide (PINP) is designated the reference marker of bone formation in osteoporosis; the 
reference marker for resorption is C-terminal telopeptide of type I collagen (CTX). PINP has very low circadian and biological 
variation, is not affected by food intake, and is very stable in serum after venepuncture. The two automated commercial assays 
for PINP provide similar results in subjects with normal renal function, allowing reference intervals to be used interchangeably. 
Bone turnover markers (BTM) are currently not recommended for fracture risk assessment and therefore not included in fracture 
risk calculators. In the management of osteoporosis, the main utility of BTM including PINP is for monitoring therapy, both 
antiresorptive as well as anabolic agents; monitoring is thought to help improve adherence. PINP as well as CTX may also be 
used in assessing offset of drug action following a pause in bisphosphonate therapy, to help decide when to re-instate therapy, or 
following cessation of denosumab therapy to assess efficacy of follow-on bisphosphonate therapy. PINP may also be used in the 
diagnosis of Paget’s disease of bone as well as in monitoring response to therapy and for recurrence. Although BTM other than 
bone alkaline phosphatase are currently not recommended for use in metabolic bone disease of chronic kidney disease, PINP 
measured by assays specific to the intact molecule has potential in this condition. Further studies are needed to examine this area, 
as well as in malignant bone disease. 

Introduction
The bone formation marker procollagen type I N-propeptide 
(PINP) is a trimeric peptide with a molecular mass of 
about 35,000 kDa, consisting of two type 1 procollagen-α1 
chains and a procollagen-α2 chain which are bonded non-
covalently (Figure 1).1 Procollagen I molecule is synthesised 
by osteoblasts, and the pro-peptide extensions at the amino- 
and carboxy-terminals (PINP and PICP respectively) of 
the procollagen molecule are cleaved off and released into 
circulation when collagen molecule is laid down to form 
the osteoid matrix during bone formation. Since the PINP 
and PICP molecules are produced in equimolar amounts 
with collagen-1 molecule, their concentrations in the 
circulation might be expected to reflect bone formation 
rate. In practice, serum PINP (sPINP) has been found to 
reflect histomorphometric measures of bone formation,2 
and has been identified as the most promising marker of 
bone formation and designated the reference marker of bone 
formation in osteoporosis by the International Osteoporosis 

Foundation (IOF) and the International Federation of Clinical 
Chemistry and Laboratory Medicine (IFCC),3 and endorsed 
by the National Bone Health Alliance (NBHA) in the US.4 
PINP in the circulation is metabolised in the liver.5 In addition 
to the intact (trimeric) PINP molecule described above, 
monomers of the molecule, which are degradation products 
of its metabolism mainly in the liver, are also found in blood 
and are recognised by some immunoassays for sPINP.1,6 
The monomeric fragments are likely excreted by the kidney 
and accumulate disproportionately when renal function is 
impaired. Hence, high concentrations are reported in dialysis 
patients when PINP is measured by ‘total PINP’ assays 
that recognise the monomer in addition to the intact PINP 
molecule.7 

Pre-Analytics
There is a perception that biological variation is unusually high 
for bone turnover markers (BTM).8 This perception is true for 
the early markers which were measured in urine. Analytes 
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in urine generally suffer from large biological variation as 
exhibited by the commonly used test of urine albumin in 
diabetes; three repeat measurements are recommended to 
confirm albuminuria to address this problem.9,10 Creatinine 
is also added for spot urine measurements to correct for the 
effect of dilution but this adds to the biological and analytical 
variation. Creatinine correction does not correct for inter-
individual variation, but in fact can accentuate it due to inter-
individual variation in muscle mass.11 At extremes of muscle 
mass, creatinine correction of urine analytes may lead to 
misleading results.12 On the other hand, measurements in blood 
are less prone to the effects of biological variation; sPINP has 
a within-subject biological variation of 7–9%.13,14 In fact, 
PINP in blood is minimally affected by circadian variation 
and feeding. PINP decreases 3.8% (+/- 0.9%) following intake 
of food.15 The coefficient of cyclic variation of PINP is in the 
range of 3–5% which is very low.16 Hence blood sampling 
can be performed at any time of the day regardless of fasting 
status, which is a major advantage of using sPINP as a bone 
marker.17 Either serum or EDTA plasma sample may be used 
for PINP measurement and the results treated interchangeably 
as they are equivalent. In addition, PINP is stable in serum (or 
plasma) after venesection. PINP in both EDTA plasma and 
serum is stable for at least 24 h at room temperature and for 
5 days at 4 °C.17 

Analytics
Three commercial immunoassays are currently available 
for measuring sPINP, including two chemiluminescence 
immunoassays on automated platforms: Immunodiagnostic 
Systems PLC on the iSYS automated analyser (IDS, Boldon, 
UK); and Roche Diagnostics (Mannheim, Germany) 
instruments. A manual radioimmunoassay (RIA) produced 
by Orion Diagnostica (UniQ PINP RIA, Orion Diagnostica, 
Espoo, Finland) is also available. Whilst the Orion Diagnostica 
RIA assay is not used widely in Australia unlike the assays on 
the automated platforms, it is popular in the US since it is 
approved by the FDA for clinical use. 

The IDS iSYS chemiluminescence immunoassay and the 
Orion Diagnostica RIA for sPINP have the advantage of 
being more specific to the trimeric (intact PINP) molecule 

and do not recognise the monomer or fragments of the PINP 
molecule; the calibrator for these two assays is purified 
trimeric PINP.1 The calibrator for the Roche Diagnostics 
assays is a synthetic amino procollagen peptide made from 
pre-procollagen-α1.1 The Roche assay for ‘total’ PINP has 
the limitation of measuring both the intact PINP molecule 
and the PINP monomer or fragments of the PINP molecule 
which accumulate in the circulation in late stage chronic 
kidney disease (i.e. when the glomerular filtration rate is <30 
mL/min/1.73m²) providing a spuriously elevated, potentially 
misleading result. 

Even though the two automated assays for PINP (Roche and 
IDS) measure total and intact PINP respectively, the results 
produced by the two assays are similar when renal function is 
normal. A multi-centre study of 796 patients (with eGFR >30 
mL/min/1.73m²) who presented to osteoporosis clinics in four 
centres in Europe measured PINP in serum and EDTA plasma 
by the three methods described above.18 The results confirmed 
that serum and EDTA plasma gave equivalent results. The 
results by the two automated assays (Roche Cobas and IDS 
iSYS) were similar (Passing-Bablok regression: Cobas = 0.91 
x iSYS + 2.6.). However, the Orion Diagnostica RIA showed 
a proportional bias (non-agreement) with the two automated 
assays but with good correlation (Passing-Bablok regressions: 
Cobas = 1.22 x Orion + 0, iSYS = 1.35 x Orion RIA – 3.2). 
These results indicate that the Roche and IDS iSYS assays for 
sPINP and reference intervals may be used interchangeably in 
osteoporosis patients with eGFR >30 mL/min/1.73m².19 The 
harmonised Australian reference intervals for sPINP in adults 
published previously for the Roche assay can now also be 
used for the IDS iSYS assay.20

Post-Analytics
Osteoporosis
Fracture Risk Assessment
Osteoporosis is diagnosed on the basis of bone mineral 
density (BMD) measurement, with a T score of –2.5 or 
lower below healthy young adult norms (WHO diagnostic 
criterion). Fracture risk assessment is key to treatment 
decisions for individual patients. FRAX® is the fracture risk 
calculator used worldwide,21 whilst the Garvan risk calculator 
is also popular in Australia and in older frailer populations 
due to the inclusion of an older cohort (up to 96 y) and falls 
risk.22 In univariate analyses, BTM have been shown in some 
studies to be associated with fracture risk, especially at the 
spine.3 A recent meta-analysis demonstrated a modest but 
significant association between sPINP and the risk of fracture. 
The hazard ratio per SD increase in sPINP (gradient of risk) 
was 1.23 (95 % CI 1.09–1.39) for men and women combined 
unadjusted for BMD, similar to sCTX.21 The study was not 
able to determine the extent to which fracture risk prediction 

Figure 1. The structure of the collagen type I molecule. 
(Figure courtesy of Simon Robins, Aberdeen, UK.) 
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was independent of BMD. BTM would be useful for inclusion 
in fracture risk calculations only if their association with 
fracture risk were independent of BMD. The literature in 
this matter is inconsistent and there is a lack of adequate data 
due to variable assays and inconsistencies in design between 
studies.23 At present, BTM are currently not included in 
fracture risk calculations.24 However, the role of PINP in lower 
BTM states where antiresorptive treatments are less effective, 
and in older populations, may be important in identifying the 
potential role for anabolic instead of antiresorptive therapy.25

Monitoring of Osteoporosis Treatment
The aim of treatment for osteoporosis is to prevent or reduce 
the risk of fracture. Therefore, the outcome measure of 
success of treatment is fracture incidence. However, one does 
not want to wait until fractures occur in a patient to find out 
that treatment has been unsuccessful in that patient. Hence, 
the use of surrogate markers to evaluate treatment efficacy. 
Traditionally BMD and BTM have been used as surrogate 
markers for this purpose.3 The increase in BMD following 
treatment has been shown to be associated with fracture 
risk reduction in some studies.26 Similarly, the magnitude of 
decrease in BTM following antiresorptive therapy has been 
shown to be proportional to fracture risk reduction.27 The 
change in BMD is modest and slow, reaching significance  
(> least significant change (LSC)) with bisphosphonate 
therapy in 18–24 months, a long time to wait to find out if 
treatment has been effective.28 On the other hand, BTM 
changes are rapid and large, reaching significance within 
weeks or months of initiating therapy.3 For these reasons, BTM 
are used initially to assess efficacy of treatment including 
adherence and persistence with treatment. The direction 
of BTM change is generally the same for bone formation 
markers and bone resorption markers due to ‘coupling’; for 
antiresorptive therapies (bisphosphonates, selective oestrogen 
receptor modulators, denosumab), there is a reduction in 
bone resorption markers followed by a later reduction in 
formation markers.29 Similarly, following anabolic therapies 
(teriparatide, abaloparatide), there is an increase in formation 
markers followed by a smaller increase in resorption markers 
(Figure 2).29 Hence PINP, a bone formation marker, may in 
fact be used for monitoring antiresorptive therapy as well as 
anabolic therapy, and is used in practice for monitoring both 
modalities of treatment. Even though the use of PINP for 
monitoring antiresorptive therapy may seem counterintuitive, 
it has been shown to perform well for this purpose.30 Dual 
action therapies such as romosozumab, which was recently 
licenced for use in Australia, and strontium ranelate which is 
no longer in wide use, cause an increase in formation markers 
and a reduction in resorption markers (uncoupling).31 The use 
of BTM in monitoring romosozumab therapy remains to be 
ascertained. It is likely that the transient increase in sPINP and 

the more sustained decrease in sCTX may be useful markers 
of effective uncoupling and efficacy. 

The TRIO study was designed to examine the responses of 
several BTM (both formation markers and resorption markers) 
to various bisphosphonates.32 At 12 weeks of therapy with 
alendronate, 98% of patients had a significant change in sCTX 
compared to 82% of patients based on sPINP. By 48 weeks, 
the change in sPINP was significant in 94% of subjects. At 
12 weeks, sCTX had decreased to below the treatment target 
(premenopausal median) in 96% of patients, and sPINP 
in 82% of patients increasing to 94% by 48 weeks.32 The 
premenopausal median for PINP is 35 µg/L for both Roche 
and IDS assays; for sCTX the median is assay-dependent but 
approximately 250 ng/L.29 These differences reflect the earlier 
reduction in bone resorption markers followed by a later 
reduction in formation markers with antiresorptive therapies. 
However, by 6 months of oral therapies, BTM would generally 
have reached a plateau at their reduced concentrations. A two-
tailed analysis was performed in calculating the LSC in the 
TRIO study.32 In fact, since the direction of change is known, 
one-tailed analysis may be more appropriate, the use of which 
would lead to close to 100% of patients achieving a reduction 
in both sCTX and sPINP with alendronate therapy.33 Studies 
that have specifically examined the utility of PINP and CTX 
in monitoring bisphosphonate therapy, comparing it to BMD 
measurement, reiterate the utility of sPINP for monitoring 
bisphosphonate therapy.30 The attractions of sPINP include its 
lower circadian variation and lack of impact of food intake as 

Figure 2. Changes (% ± SEM) in sPINP and uNTX following 
treatment with an anti-resorptive therapy (alendronate) and 
an anabolic therapy (teriparatide). (Ref. 3; reprinted with 
permission.)
sPINP, serum procollagen type I N-propeptide; uNTX, urine 
N-terminal telopeptide.
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indicated above, meaning testing can be performed any time 
during the day without the need for fasting, as well as the 
stability of PINP in the blood sample after venesection. 

One of the major problems with long-term oral therapy for any 
chronic condition such as osteoporosis is lack of adherence, 
with evidence suggesting that the majority of patients do not 
continue to take medications long term, especially since the 
benefit of therapy is not apparent to the patient. An important 
tool used by clinicians to improve adherence and persistence 
with therapy is to share with the patient the results of BTM 
that confirm response to therapy, and to encourage persistence 
with the therapy.34

The changes in sPINP and sCTX after denosumab therapy have 
been well studied.35 The decreases in these markers are even 
greater than those seen with bisphosphonate therapy.36 Median 
decrease in CTX at three months in the denosumab-treated 
group was 89%, significantly greater than the 66% change seen 
in the alendronate-treated group. The median change in sPINP 
at three months was 76% with denosumab compared to 56% 
with alendronate. Most patients on denosumab therapy would 
therefore show significant and major reductions in both sPINP 
and sCTX, with PINP concentrations usually decreasing to 
well below 20 µg/L. sCTX also decreases to below 200 ng/L. 
Whilst both markers are sensitive enough to demonstrate the 
reduction in bone resorption following denosumab therapy, 
their utility in monitoring denosumab therapy has become 
more topical due to their observed rebound increase following 
cessation of therapy which is associated with an increased risk 
of vertebral fractures. The recommendation is to treat patients 
who cease denosumab therapy with a potent bisphosphonate 
such as zoledronic acid infusion or oral alendronate.37,38 
The effectiveness of such therapy to counteract the rebound 
increase in bone turnover following cessation of denosumab 
therapy may be monitored using sPINP or sCTX. The aim is 
to maintain the BTM below the premenopausal median. 

The offset of bisphosphonate action after a pause in therapy 
(‘drug holiday’) following long-term treatment, such as five 
years of oral alendronate or three infusions of zoledronic acid 
needs to be managed to mitigate detrimental effects during 
the drug holiday. When treatment is paused, BTM may be 
monitored during the drug holiday period for this purpose in 
order to decide when and if to re-institute treatment. Whilst 
evidence on how this should be managed optimally is still 
awaited,39 it has been suggested that an increase in sPINP or 
sCTX greater than the LSC and/or to above the median of 
the premenopausal reference interval could be considered an 
indication for re-instituting therapy.40

Paget’s Disease of Bone
Paget’s disease of bone is relatively rare and is mainly seen 
in people of northern European descent. It presents with bone 
pain and sometimes deformity or fracture. Biochemistry is 
integral to the diagnosis and management of Paget’s disease, 
together with imaging studies. Total alkaline phosphatase 
(ALP) is the best characterised blood test for diagnosis and 
for monitoring.41 Although ALP in blood is of bone and 
liver origin in equal proportions (and other sources such 
as placenta and intestine less often), its increase in Paget’s 
disease is usually high enough for it to be of adequate 
sensitivity for diagnosis and for monitoring recurrence after 
treatment. In the rare form of monostotic Paget’s where ALP 
may not be increased above the reference interval, bone-
specific ALP (BALP) or PINP may be used as they are more 
sensitive and also specific for bone.42 The resorption marker 
in urine (N-terminal telopeptide, NTX) is an alternative or 
addition to the formation markers. The aim of treatment is 
to normalise BTM to the lower part of the reference interval. 
Patients in remission are monitored with six-monthly BTM 
measurements; relapse is heralded by pain and an increase in 
BTM >LSC, with a gradual increase to above the reference 
interval. A recent meta-analysis found that Paget’s disease 
activity is best monitored using sP1NP.43

Mineral Bone Disease of Chronic Kidney Disease
The Kidney Disease Improving Global Outcomes (KDIGO) 
guideline recommends measurement of ALP as part of 
biochemistry to examine for mineral bone disease of chronic 
kidney disease (CKD-MBD).44 This may be of limited 
benefit in the setting of concurrent liver disease when BALP 
would be more informative. Monitoring of CKD-MBD with 
biochemistry includes measurement of parathyroid hormone  
or BALP. Other BTM are not recommended as they are 
mostly affected by renal failure itself. However, since intact 
PINP measurement is not affected by renal failure, studies of 
intact PINP in CKD MBD may be warranted to examine its 
utility in management.

Conclusion
PINP is a useful marker in the diagnosis and/or management 
of metabolic bone diseases (Table). PINP may be used for the 
monitoring of osteoporosis therapy with both antiresorptive 
and anabolic agents. It may be useful to identify who may more 
likely benefit from antiresorptive therapy for osteoporosis 
or be considered for anabolic therapy instead. PINP may be 
used for diagnosis and monitoring of Paget’s disease of bone. 
Its use in other conditions such as CKD-MBD as well as 
metastatic bone disease warrants further study.45,46
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Clin Biochem Rev 42 (1) 2021 | 7

Gillett MJ et al. 

Table. Roles of PINP in the management of metabolic bone disorders.

1. Assessment of bone formation
Mainly in the osteoporosis research setting, including drug trials.2-4

2. Assessment of bone turnover
PINP reflects bone turnover overall due to coupling of bone resorption and bone formation. Mainly used in the research setting 
currently.2-4

3. Assessment of osteoporosis risk i.e. stratification
Whilst a raised PINP is an independent risk factor for fracture risk, there are not enough data to confirm its role as an independent 
factor in fracture risk calculations when all other risk factors are included.23,24

4. Assessment of response to osteoporosis treatments – anabolic and antiresorptives
The main role is assessment and monitoring of BTM in osteoporosis treatment. A significant decrease in PINP following 
antiresorptive therapy and a significant increase following anabolic therapy confirms response to therapy.29,30

5. Monitoring of response to treatment
Useful for confirming adherence i.e. compliance and persistence with treatment.34

6. Monitoring for offset of treatment on cessation
On treatment cessation, an increase in PINP to baseline or greater than the premenopausal median may indicate offset of 
treatment effect i.e. increased bone turnover and increase in risk of fracture which may inform the need to restart bisphosphonate 
therapy. With denosumab therapy, a rapid rebound increases the risk of fracture (return to baseline risk) and may require 
restarting denosumab, or instituting bisphosphonate therapy to blunt the rapid offset before cessation.37,40

7. Monitoring of safety e.g. bone suppression and adynamic bone disease in CKD
Currently there are no data for the use of PINP to diagnose over-suppression of turnover and risk of osteonecrosis of the jaw or 
atypical fracture in osteoporosis therapy.

There is potential for the use of intact PINP assays to monitor bone turnover in CKD; however, data from clinical studies are 
lacking for this purpose.

8. Diagnosing Paget’s disease of bone
Whilst total ALP or bone ALP (if liver disease is present) measurement, together with imaging studies, is adequate for the 
diagnosis of Paget’s disease of bone, the increased sensitivity and specificity of PINP may be useful in diagnosing monostotic 
Paget’s disease.41,42

9. Monitoring of disease activity in Paget’s disease
As above, total ALP is adequate in most cases of Paget’s disease of bone to monitor therapy and detect recurrence; PINP is 
more sensitive and may be used as back-up or where ALP is elevated due to other causes.41-43

10. Metastatic bone disease
There is potential for the use of PINP both in detecting metastatic bone disease as well as in monitoring of treatment, especially 
for osteoblastic secondaries such as prostate cancer, breast cancer etc. This area requires further study.46

BTM, bone turnover markers; CKD, chronic kidney disease; ALP, alkaline phosphatase.
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