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Summary
Introduction: N-terminal propeptide of type 1 collagen (PINP) is a marker for bone formation. Blood
PINP is found in trimeric and monomeric forms. There are two automated methods for its determination.
R-PINP (Roche Diagnostics) determines both forms (Total PINP). IDS-PINP (IDS iSYS N-Mid® Vitro) deter-
mines the trimeric part (Intact PINP).
Objective: To compare the two methods.
Material and method: 81 patients (64 men and 17 women, average age of 53 ± 8 years) with terminal
hepatic insufficiency were recruited. Creatinine, PTH, 25-OH-vitamin D, beta-crosslaps (β-CTX), des-
oxypyridinoline (Dpyr), hepatic function and PINP with both methods, were measured. Bone mineral
density (BMD) was measured (Hologic®, QDR 4500) in the lumbar spine and femoral neck. The compa-
rison between the two methods was carried out using a Bland-Altman and Passing'Bablok analysis. 
Results: R-PINP showed higher values than IDS-PINP (85.03 ± 56.67 vs. 55.22 ± 32.81 ng/mL, p<0,001).
The correlation between the two methods was r= 0.81 (p<0.01) and the Passing-Bablok regression analy-
sis Y = 0.570 [0.475-0.669] X + 7.724 [2.130-12.542].
Conclusion: There is a good correlation between the two methods in patients with hepatic insufficiency,
although not proportional or interchangeable. 
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Introduction
The markers for bone remodelling (MBRs) provi-
de information around the risk of fracture and
may be useful in monitoring the treatment of oste-
oporosis, both with anti-resorptive drugs and ana-
bolics1. The first markers for bone formation used
were osteocalcin and alkaline phosphatase (AP).
Both have various limitations. Osteocalcin can be
produced by other tissues, circulate in intact and
fragmented forms, its expression regulated by
1,25(OH)2 D3 and by the corticoids, is of limited
value in patients with renal insufficiency and not
very stable at room temperature2. With respect to
AP, it may be affected by hepatic pathologies3. 

Type 1 collagen makes up 90% of bone protein
and is synthesised as type 1 procollagen. In the
extracellular processing of type 1 procollagen, the
amino-terminal of type 1 collagen (PINP) and car-
boxy-terminal (PICP) fragments are released.
These propeptides circulate in the blood and are
used as markers for bone formation.

The pre-analytical advantages of PINP include
low diurnal and inter-individual variability and sta-
bility at room temperature. It can be determined
both in the blood and in the plasma, and, unlike
other markers for bone resorption, its concentra-
tions  are not affected  by the intake of food4,5.

Currently, PINP is considered to be one of the
markers for formation with the best clinical perfor-
mance. Thus, it has been reported that in 14
patients, after the surgical menopause, PINP is the
marker for bone formation which has the greatest
diagnostic sensitivity, beating AP and osteocalcin6.
The results reported in 51 patients with Paget’s
disease are similar, where a good correlation bet-
ween the extension indices and the activity of the
process was also observed7.

There are two forms of PINP in the blood,
intact or trimeric and monomeric8. The methods
currently available measure the trimeric form
(intact PINP) or the trimeric and monomeric forms
(total PINP). There are few data published compa-
ring the different methods of determining PINP,
and even fewer in special populations, such as
patients with chronic hepatopathy, candidates for
liver transplant. 

The aim of this study has been to compare two
methods of automated determination of PINP:
Cobas E 601, Roche Diagnostics (R-PINP) and
IDS® Vitro (IDS- PINP) in patients with advanced
chronic hepatopathy, candidates for liver trans-
plant.

Material and method
The study included 81 patients with chronic
advanced hepatopathy who were included on the
waiting list for liver transplant of the 12th October
University Hospital and studied in the clinic for
bone metabolic diseases. The study was approved
by the local ethics committee and carried out with
the informed consent of all the patients. When the
analyses were carried out the patients had recei-
ved no treatment for their bone pathology. All the
parameters analysed were determined using the

same blood samples. The samples were taken in
conditions of fasting and between 8.00 and 10.00
hours and stored at -70° C.

The analysis of total PINP (R-PINP) was carried
out using an electro-chemoluminescence test
using the ELECSYS 2010 (Roche diagnostics)
equipment. This method detects the monomeric
and trimeric forms (total). It has an analytical sen-
sitivity <5,0 ng/mL. The intra- and inter-trial coef-
ficients of variation (CV) vary between 2.3-3.7%
and 1.8-2.9%, respectively. The normality range  is
20 to 100 ng/mL.  The analysis of the trimeric form
of PINP (intact) (IDS-PINP) was carried out using
automated chemoluminescence (IDS-iSYS). The
intra- and inter-trial CVs vary between 2.6-3% and
4.2-5.3%, respectively. The normal values in adults
are 27.7-127.6 ng/mL.

Also measured were: creatinine, glomerular fíl-
trate, blood MBR, beta-crosslaps (β-CTX) and uri-
nary MBR desoxypyridinoline (Dpyr), parathor-
mone (PTH), 25 hydroxyvitamin D (25-OH D3),
and parameters for liver function (GOT, GPT,
GGT, alkaline phosphatase, albumin and biliru-
bin). The calculation of glomerular filtrate was
made using the formula CKD-EPI9.

The marker β-CTX was determined by means
of a sandwich type electro-chemiluminescence
test using ELECSYS 1010 (Roche diagnostics)
equipment. The intra- and intertrial CV is <4.1%
and <5.7% respectively. The analytical sensitivity is
0.01 g/l. The normality range is from 0.20 to 0.70
ng/mL. The Dpyr analysis was carried out with a
urine sample from the second micturation of the
morning, performed using solid phase chemilumi-
nescent immunoassay, using  IMMULITE 2000
(SIEMENS) equipment. The results are expressed
in nanomoles/litren(nM/l) of Dpyr and are norma-
lised with reference to the excretion of urinary
creatinine (mM/l). The analytical sensitivity is 6
nM/l of Dpyr. The method has a CV which varies
between 2.5 and 11.8%. The normality range is
from 2.3 to 7 nM-mM of creatinine.

The bone mineral density (BMD) was measu-
red in the spinal column and femoral neck
(Hologic®, QDR 4500), the T-score being calcula-
ted in accordance with a Spanish population of
similar age and sex10. Osteoporosis and osteopenia
are defined in accordance with the criteria of the
WHO11.

Statistical analysis
The marker is transformed logarithmically to reduce
its asymmetry. The comparison study of the measu-
rement processes was carried out using a linear
regression analysis with the Passing-Bablok
method12. If two methods are comparable and give
similar results, the 95% confidence interval of  the
incline (“a”) should include the value 1 and the 95%
confidence interval of the ordinate at the origin (“b”)
should include the value 0. If “a” does not include
the value 1 there are proportional systematic errors.
If “b” does not include the value 0 there will be cons-
tant systematic errors. The degree of agreement bet-
ween the two methods is calculated using the Bland-
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Altman method13. The coefficients of correlation
were calculated according to Pearson. The calcula-
tions were carried out using the statistical program-
me SPSS ((Statistical Package For Social Sciences,
Waltham, USA) version 15.0 and CBstat (Statistical
Analysis in Clinical Biochemistry) version 5.

Results
Table 1 summarises the characteristics of the popu-
lation studied. 64 men and 17 women participated.
The mean age was 53 ± 8 years. Of these patients,
44 (54%) had osteopenia and 37 (46%) densitome-
tric osteoporosis. The values obtained with R-PINP
were higher than the values of IDS-PINP (85 ± 56.7
vs 55.2 ± 32.8 ng/mL, p<0.001), according to the
methodology (total vs intact PINP). The coefficient
of correlation between the two methods was r=
0.81 (p<0.01). The Passing-Bablok regression analy-
sis (Figure 1) showed that the 95% confidence inter-
val of the incline did not include 1: a= 0.570 (0.475
; 0.669) and that the 95% confidence interval of the
ordinate at the origin does not include 0: b= 7.724
(2.130 ; 12.542); therefore there are proportional
and constant systematic errors.

The difference of paired values (Bland Altman
analysis) was -29.81 ± 4.34 (Figure 2). Correlations
were found between R-PINP and creatinine (r=
0.36; p<0.01), R-PINP and β-CTX (r= 0.26 ;
p<0.021) and between R-PINP and 25-OH D3 (r= -
0.27 ; p<0.017). The Dpyr showed a significant
correlation with both R-PINP and IDS-PINP (r=
0.29 ; p<0.007). No correlation was found betwe-
en PINP and the values of PTH, BMD (in any posi-
tion) and parameters for liver function in either of
the two methods.

A tendency to an increase in the difference bet-
ween the two methods was observed, with high
concentrations of PINP, as can be seen in Figure 1,
as with the analysis of the ranges: R-PINP (9.4-
259.2 g/mL). IDS-PINP (9.5-192.6 ng/mL). With
values of PINP < 70 ng/mL, the comparison of the
methods of R-PINP and IDS-PINP did not show
any proportional systematic errors: a= 0.7973 (CI
95%: 0.6015 ; 1.1011), or constant systematic
errors: b= 2.0609 (CI 95%: -7.4225 ; 8.4048).

In studying both methods classifying patients
according to whether they had osteopenia (n= 44)
or osteoporosis (n= 37), no significant differences
were found in the values of intact or total PINP
between them. However, it was observed that in
patients with osteoporosis there is higher agree-
ment between the two methods, there being nei-
ther proportional or constant systematic errors, as
can be seen in the values of the incline and the
ordinate at the origin obtained by Passing Bablok:

- Patients with osteopenia: a= 0.4583 (CI 95% :
0.3065 ; 0.6502), b= 14.679 (CI 95% : 3.4471 ;
21.2231). 

- Patients with osteoporosis: a= 0.7062 (CI 95%:
0.4292 ; 1.2244), b= -5.9053 (CI 95% :-39.4974 ;
10.4624).

In classifying the patients according to renal
function a better association between the two
methods was observed when the renal function

was normal. In patients with glomerular filtrate >
60 ml/min/1.73m2 (n= 33) ) no proportional syste-
matic errors: a= 0.7007 (CI 95%: 0.4912 ; 1.0137),
or constant systematic errors:  b= 5.5611 (CI 95% :
-7.2525 ; 14.3792) were found. However, in
patients with glomerular filtrate <60 ml/m2 (n= 48),
in/1.73m proportional systematic errors were
found: a= 0.5540 (CI 95% : 0.4391 ; 0.6563), but no
constant systematic errors: b= 5.5698 (CI 95% : -
4.4497 ; 13.1874). 

Discussion
The use of MBRs in the management of bone
metabolic pathology has increased notably in
recent years. For example, recently the
International Foundation for Osteoporosis and the
International Federation of Clinical Chemistry and
Medicine Laboratories have recommended the
determination of blood PINP as the marker for
bone formation of choice14. In this work two
methods for the determination of PINP (total and
intact forms) in patients with advanced chronic
hepatopathy with osteopenia or osteoporosis
were compared. Our data show that there is a
good correlation between the two methods,
although there is no direct transferability between
the two results, since neither zero in the ordinate
at the origin nor one in the incline of the regres-
sion line are included. There are few studies
which compare different methods for determining
PINP. It is not well established to what extent two
forms of PINP circulating in the blood are recog-
nized by the different methods. The clearing of
intact PINP is characterised by a rapid capture by
the hepatic endothelial cells, while the monome-
ric forms depend to a great degree on the renal
function.

Koivula et al.15 studied a manual method for
intact PINP (RIA, Orion Diagnostics) as against the
R-PINP method. The correlation between them in
healthy subjects was 0.89, similar to that found in
our study, and while the concentrations of PINP
were similar between the two methods, this was
in spite of the fact that one determined the intact
form, and the other the total form.

The reason why we observed a greater diffe-
rence between R-PINP and IDS-PINP as the value
of PINP increases is unclear. Other authors have
found similar results when comparing methods for
the determination of PINP using RIA vs automated
methods based on chemiluminescence. These
authors make reference to a possible ceiling effect
in using RIA at high concentrations of PINP, which
could justify the difference between the two
methods at these concentrations15.

We found a weak significant correlation betwe-
en the blood marker for resorption β-CTX and R-
PINP, but not IDS-PINP, possibly because this only
measures the trimeric form. However, the urinary
marker for resorption, Dpyr, was correlated with
both methods. Also found was a negative correla-
tion between levels of 25-OH D3 and the value of
R-PINP, which may be due to the influence of the
status of vitamin D in remodelled bone.
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The data found with respect to the positive
correlation between creatinine and R-PINP are
similar to those referred to by other authors. In
healthy subjects, total and intact PINP show simi-
lar results, but in patients with chronic renal insuf-
ficiency the results differ. The increase is due to an
increase in the monomeric forms, which accumu-
late in the blood of patients with renal insuffi-
ciency16-18. In patients in haemodialysis with termi-
nal renal insufficiency, although the PINP showed
an initial increase during the haemodialysis, at the
end of the sessions no significant changes in intact
or total PINP were observed19-21.

Changes in MBR may be useful in monitoring
treatment of osteoporosis, confirming therapeutic
compliance and evaluating the efficacy of treat-
ment8. In those patients with terminal hepatic insuf-
ficiency after transplant the use of bisphosphonates
is indicated22-24. The values of PINP found do not
appear to be affected by the hepatopathy, since
they do not correlate with  parameters for hepatic
function in this group of patients with hepatic insuf-
ficiency who have not yet received post-transplant
immunosuppressive, or anti-resorptive, treatment.
We do not know if either method would be sensiti-
ve enough to detect in a comparable way the chan-
ges in bone remodelling which occur after hepatic

transplant25 and with anti-osteoporotic treatment22-24.
Garnero et al. show that R-PINP, in comparison with
manual RIA (intact PINP), detected an increase in
bone remodelling in postmenopausal women and
was sensitive enough to detect significant changes
in bone remodelling induced by treatment with PTH
1-84 and with alendronate.

In summary, while we found a good correla-
tion between the two methods of determining
PINP (total and intact forms), there are differences
which mean that their results are not consistent.
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Figure 2. Bland-Altman analysis

R-PINP (on the x axis) µg/L).
Difference (R PINP – IDS PINP) (on the y axis) (µg/L). 
Difference in paired values -29.81 ± 4.34.
Comparison of R PINP with IDS PINP in 81 patients with hepato-
pathy using Bland-Altman. The graph shows the differences betwe-
en the values of PINP by both methods in each patient (y axis) in
relation to the average values obtained by the two methods (x axis).
The central line represents the average difference between the two
methods and the upper and lower lines, the confidence interval at
95% of this difference.

Figure 1. Passing-Bablok regression analysis

a= 0.570 [0.475-0.669]; b= 7.724 [2.130-12.542].
Linear regression: r= 0.81; p<0.01.
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