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ABSTRACT 
Introduction. Bone mineral accretion continues beyond the attainment of final height during the transition pe-
riod. Growth hormone deficiency (GHD) appears to have a significant effect on collagen turnover during child-
hood and less during adulthood. Amino-terminal propeptide of type I collagen (P1NP) is a marker of bone for-
mation with low intra-individual when comparing to IGF1. 
Material and method. We evaluated 17 male patients diagnosed with GHD during childhood, after retesting 
GH axis in their transition period after at least 3 months from GH withdrawal. We correlate concentrations of 
P1NP and IGF1. We determined the predictive value for P1NP in identifying persistent GHD.
Results. We found a strong positive correlation between IGF-1 and P1NP in the group of patients who main-
tained GH deficiency as young adults (r = 0.72, CI [0.02 to 0.94], p = 0.046). A threshold value for the P1NP of 
- 0.66 SDS predicts persistence of GHD with a sensitivity of 62.5% CI [24.5 to 91.5], specificity 75% CI [47.6 to 
92.7] and AUC = 0.719 CI [0.5 0881]. We did not find a significant difference when we compared the AUC for 
the two parameters (p = 0.29).
Conclusion. During the transition period, when the growth velocity is not available anymore, the dynamics of 
P1NP may be useful in quantifying the effectiveness of GH replacement therapy. 
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CASE STUDIES

INTRODUCTION

Bone mineral accretion continues beyond the at-
tainment of final height during the transition that is 
defined as the period elapsed since the achievement 
of final height and the somatic development to 
complete. Growth hormone (GH) – insulin-like 
growth factor I (IGF 1) axis has a basic effect on 
peak bone density which is reached in the mid-
twenties (1). The ultradian rhythm of GH release 
has made it difficult to identify precisely and accu-
rately the deficiency state (2). The serum IGF1 and 

collagen markers increase in response to GH (3,4). 
Although IGF1 has been extensively used in clini-
cal settings as a screening test for GH deficiency 
(GHD), his coefficient of reliability is lower than 
that of the collagen markers (5). Collagen markers 
are not considered a diagnostic tool for GHD (6).
Serum surrogate markers of collagen synthesis al-
low the assessment of bone formation (7,8). 

The amino-terminal propeptide of type I procol-
lagen is derived from type I procollagen in a stoi-
chiometric fashion and is considered a measure of 
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newly formed type I collagen, the major collagen 
of the bone.

During childhood growth, surrogate markers of 
bone formation circulate at higher concentrations 
than in adulthood and correlate with height velocity 
(9,10). Their levels vary during puberty and are 
higher during periods of maximal growth velocity. 
GH, as well as sexual hormones, influence the lev-
els of bone formation markers (11). GHD appears 
to have a relevant effect on collagen turnover dur-
ing childhood and less during adulthood, when the 
sexual hormones and local factors partially coun-
teract the negative consequences on collagen syn-
thesis of the GH-IGF1 deficiency (12). 

There is no data available on surrogate markers 
of bone turnover and their level depending on GH 
status during the transition. 

To gain more insight into the value of P1NP 
measurements in the screening for persistent GHD 
(pGHD) in the transition, we assessed its concen-
trations in GHD adolescents and healthy volunteers 
and we compared them with IGF1 levels. We hy-
pothesized that P1NP is lower in pGHD patients 
during the transition.

METHODS 

Subjects

P1NP was evaluated in a cross-sectional study. 
17 consecutive male patients with GHD during 
childhood isolated (CO-IGHD) or as part of multi-
ple pituitary hormone deficiency (MPHD) (4pts), 
followed within the Pediatric Department of Na-
tional Institute of Endocrinology, were selected for 
this study. Part of the present group was used in a 
previous study to evaluate the persistence of GHD 
in their transition period.

All patients had the indication of therapy with-
drawal for the attainment of final height during the 
period between September 2008 and December 
2013. The CO-IGHD patients were retested for the 
persistence of GHD in their transition period using 
insulin-induced hypoglycemia test (ITT) with the 
cut-off for GH maximal response 6.1 ng/dL. Fol-
lowing ITT, 4 of the 13 patients with CO-IGHD 
were considered persistent GHD as young adults 
and together with MPHD patients were included in 
the pGHD group (unpublished data). A control 
group of 8 healthy subjects matched for age and the 
pubertal stage was recruited from the children of 
the medical personnel of our institute. The suffi-
cient GH group (sGH) included reversible GHD 
subjects and the controls. 

The study was approved by the Department of 
Pediatrics institutional review board, and written 
informed consent was obtained from all parents 
and patients.

Biochemical assays
Serum IGF1 and P1NP were collected between 

8 and 9 am, after overnight fasting. Within the next 
2 hours the sample was centrifuged at 4°C, plasma 
separated and used for measurements or stored at 
-20°C until analyzing. 

IGF1 was measured using chemiluminiscence 
method (Liaison, Diasorin) (detection limit of 0.01 
ng/mL, inter-assay CV 8.2%) using monoclonal 
antibodies. Total P1NP was performed using mono-
clonal mouse antibodies against P1NP, using che-
miluminescence method and a Cobas analyzer 
(Elecsys 2010 total P1NP, Roche Diagnostics- de-
tection limit 5 ng/mL, interassay CV <4.1%). For 
P1NP, all the samples for any individual were mea-
sured in the same assay batch. 

Reference values
We calculated age-specific means, standard de-

viations (SD) and the 95% confidence intervals 
(CI) for IGF1 and P1NP using their values in the 
sGH group. For each of the two parameters, we as-
sessed changes with age using a polynomial regres-
sion model (MedCalc v.14.8.1.0 statistical soft-
ware). A second regression model gives the standard 
deviation as a function of age. We stratified sGH 
group into 2 age intervals (15-16.9 and 17-19 
years), according to literature specifications for 
variation of P1NP values with age. To check for 
outliers at either side, we selected the Tukey-test. 

We assessed the normality of the distribution us-
ing the Shapiro-Wilk’s test for each age-stratified 
group. We assessed the homogeneity of variances 
using Levene’s test. We calculated indices of skew-
ness and kurtosis for each age group. We converted 
into standard deviations score (SDS) using the for-
mula: x - average x/SD, where x is the actual IGF1 
or P1NP of the patient, average x is the mean IGF1 
or P1NP and SD is the standard deviation of the GH 
sufficient patients. 

Statistical methods 
Statistical analysis was performed using the 

SPSS v 16.0. Correlation between parameters was 
performed using Pearson’s correlation. The statisti-
cal significance of the differences between the 
mean values among different categories was deter-
mined using the t test (when comparing two 
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groups). Two-sided tests of hypotheses were used, 
and a p-value <0.05 was considered statistically 
significant.

To evaluate the diagnostic performance of IGF1 
and P1NP in the characterization of GHD in the 
transition period, we chose the cut-off of these pa-
rameters with the best specificity and sensitivity as 
resulted from ROC plot analysis. We used MedCalc 
v.14.8.1.0 statistical software to compare the per-
formance of area under the curve (AUC) for the 
two parameters in identifying the GHD.

RESULTS

We evaluated seventeen male patients with GH 
(4 MPHD), mean age 17.3 years, treated during 
their childhood with recombinant GH for an aver-
age period of 6.88 years (range 2.9 to 12.4 years), 
after a minimum period of 3 months from the dis-
continuation of GH. Four of CO-IGHD patients af-
ter retesting during the transition maintained the 
GHD. An age-matched group of 8 controls together 
with the reversible GHD patients represent the GH 
sufficient group. 

Table 1 shows clinical and biochemical charac-
teristics of the subjects separated according to their 
GH status. All subjects had spontaneous puberty in 
Tanner stage V or adequate sex steroids substitu-
tion.

We stratified sGH group into 2 age intervals 
(15-16.9 and 17-19 years).

IGF1 and P1NP values had a normal distribution 
within the sGH group as shown by Shapiro-Wilk’s 
test (p>0.05), the skewness of 0.835 [standard error 
(SE), 0.550], the kurtosis of 0.557 (SE=1.063) for 
IGF1, the skewness of 0.003 (SE=0.550) and the 
kurtosis of -0.459 (SE=1.063 ) for P1NP, respec-
tively. The IGF1 and P1NP maintain the normal 
distribution in the age-stratified groups (data not 
shown). We used the sGH group as a reference for 
IGF1 and P1NP normal values.

We obtained for each year of age the mean and 
standard deviation (SD) for P1NP and IGF1 as a 
function of age. Age was a significant predictor for 
P1NP SD only. 

We found a normal distribution for P1NP and 
IGF1 in the GHD group stratified by age. 

We found an overlap between the absolute val-
ues of P1NP in GHD patients and the reference 
group. There was a trend towards a significant dif-
ference in concentrations of P1NP when comparing 
the two groups (p=0.07), with lower values in the 
GH-deficient group. 

The GH sufficient patients have higher P1NP 
SDS (mean=0, SE=0.23) compared to GHD pa-
tients (mean=-0.71, SE=0.58). This difference was 
significant t(21)=2.24, p<0.05 and represent a me-
dium sized effect r=0.44. None of P1NP SDS in the 
GHD group were below - 2SDS.

Although we did not find a significant differ-
ence between the means for the two parameters 
when we compared the group below 17 years age to 
the older group, we kept the age-stratified reference 
ranges due to the significant difference of SD.

Fig.1 shows the relationship between the abso-
lute level of P1NP and IGF1 using a scatter dia-
gram. We found a strong positive correlation be-
tween the P1NP and IGF1 in GHD group as well as 
in sGH group (r=0.72, 95% CI 0.02 to 0.94; P=0.046 
and r= 0.48, 95% CI -0.01 to 0.79; P= 0.058 respec-
tively). 

After we adjusted for chronological age, height 
deficit and weight, this correlation was maintained 
only by the GHD group. Table 2 shows correlations 
of P1NP and IGF1 with clinical parameters. 

The ROC analysis showed that the best thresh-
old for IGF1 SDS that discriminates between GHD 
and sGH was -1.34 SDS with a sensibility of 80% 
CI [44.4 to 97.5], a specificity of 93.75% [69.8 to 
99.8] and AUC=0.875, CI [0.686 to 0.971]. The 
likelihood ratio for a positive test result (LR+) was 

TABLE 1. Characteristics of the patients separated by GH status
pGHD (n=8) sGH (17)

BMI(SDS) 0.40±1.82 [-2.9,1.4] -0.74±0.82 [-1.7,0.75]
Ht (SDS) -1.1±1.12 [-3.2,0.09] -0.63±1.20 [-2.89,1.46]
CA, years 17.53±1.26 [15.2,18.9] 16.94±1.01 [14.9,18.5]
P1NP(SDS) -0.71±0.58 [-1.49,0.27] 0±0.97 [-1.56,1.37]
P1NP(ng/mL) 214.36±74.57 [106.7,321.1] 308.41±130.95 [120.2,537.8]
IGF1(SDS) 2.1±1.48 [-3.69,0.49] 0±0.97 [-1.46,2.04]
IGF1(ng/mL) 209.68±151.88 [60.94,493.7] 398.12±102.45 [250.8,638.8]
ti meTx (years) 1.38±1.27 [0.3,4.2] 0.81±0.53 [0.3,1.9] *

means±SD [min, max]
pGHD – persistent growth hormone defi cit; sGH – suffi  cient GH; BMI, body mass index, SDS – standard deviati on score; Ht, height; CA – Chronological 
age; P1NP – amino-terminal propepti de of type I procollagen; IGF1 – insulin growth factor I; ti meTX – ti me since GH withdrawal; *except controls
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TABLE 2. Correlation of P1NP and IGF1 with clinical parameters
P1NP IGF1

r p r p
Ht (SDS) 0.424 0.039 0.338 0.098
Weight (kg) -0.139 0.584 -0.560 0.016
CA (years) -0.383 0.065 -0.593 0.002
ti meTx (years) -0.393 0.107 -0.476 0.046

FIGURE 1. Correlation between amino-terminal propeptide type I procollagen (PINP) 
and insulin growth factor I(IGF1)

r, Pearson’s coeffi  cient; P1NP, amino-terminal propepti de of type I procollagen; IGF1, insulin growth factor 
I; SDS, standard deviati on score; Ht, height; CA, Chronological age; ti meTX, ti me since growth hormone 
withdrawal; Signifi cant P values are listed in bold font.

12.8 [1.9 to 87.6]. The likelihood ratio for a nega-
tive test result (LR-) was 0.21 [0.06 to 0.7].

The ROC analysis showed the best threshold for 
P1NP SDS that discriminates between GHD and 
sGH was - 0.66 SDS with a sensibility of 62.5% CI 
[24.5 to 91.5], a specificity of 75% [47.6 to 92.7] 
and AUC=0.719; CI [0.5 to 0.881]. The likelihood 
ratio for a positive test result (LR+) was 2.5 [0.9 to 
6.8]. The likelihood ratio for a negative test result 
(LR-) was 0.5 [0.2 to 1.3]. We did not find a sig-
nificant difference when we compared the AUC for 
the two parameters (p=0.29). 

DISCUSSION

P1NP is a marker of bone formation. It origi-
nates from the conversion of type I procollagen to 
type I collagen during his synthesis. The removal 
of the amino-terminal propeptide by specific prote-
ases occurs when type I collagen is embedded in 
the bone matrix. P1NP concentration is related to 
the amount of newly formed bone (13). In 2011, the 

International Osteoporosis Foundation and the In-
ternational Federation of Clinical Chemistry and 
Laboratory Medicine Working group on Bone 
Marker Standards recommended P1NP use as a ref-
erence marker for bone formation (14).

Our data shows that, during the transition, P1NP 
is positively correlated with IGF1. Previous studies 
have shown that the lack of GH/IGF1 effect on 
bone turnover is associated with low collagen and 
bone formation during childhood, but not in adult 
life (12). The low serum procollagen propeptide in 
children with GHD has been linked with reduced 
growth velocity (15,16). The subjects in our study 
were evaluated after attainment of final height as 
young adults, in a period when bone mineral acqui-
sition continues. 

We used a total P1NP assay that detects two dif-
ferent forms of antigenicity of P1NP, the trimeric, 
intact form and the monomeric form. This feature 
is particularly relevant when the changes to be 
measured are relatively small and would have ex-
pected a more dynamic behavior for an assay that 
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detects the intact P1NP (13). The serum concentra-
tions of P1NP in GHD patients were within the ref-
erence for normal individuals. This can be ex-
plained by two board reference intervals of these 
markers, with considerable inter-individual varia-
tion reflecting the high inter-individual variation of 
bone turnover in adults (17). Bone remodelling is 
usually balanced with approximately as much bone 
replaced as is removed during each remodelling 
cycle. However, when remodelling becomes accel-
erated in combination with an imbalance that fa-
vours bone resorption over formation, such as dur-
ing menopause, precipitous losses in bone mass 
occur. 

P1NP values vary by age. In our subjects, we 
found a negative correlation of P1NP with age be-
cause a decline of collagen marker levels is expect-
ed after puberty (18). Unlike the negative impact 
on IGF1 values, P1NP is unaffected by weight. 

Similar values for P1NP between patients with 
reversible GHD and healthy controls suggest nor-
mal bone formation in the former, too. 

We found a significant difference between P1NP 
expressed as SDS in GH-deficient patients when 
comparing with GH sufficient individuals. 

This suggests a determinant role for GH-IGF1 
axis during the transition, unlike in the adult life, 
when sex steroids have the primary effect on bone 
turnover markers (12). We calculated AUC of P1NP 
and we compared it to that of IGF1. We found a 
similar prediction power for GH deficiency for 
both parameters. 

CONCLUSION

The collagen markers have less intra-individual 
variability in comparison to the IGF1. A marker 
with an increased coefficient of reliability is prefer-
ably used when quantifying the benefit during 
treatment. During the transition, when growth ve-
locity is not anymore available, the dynamic of 
P1NP during GH replacement therapy, it may be 
useful in quantifying the effectiveness of GH treat-
ment. 
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