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ABSTRACT. The reproducibility and specificity of a new,
rapid, simple RIA for measuring the concentration of the
soluble carboxypropeptide of type I procollagen (PICP) in
serum was confirmed. Serum PICP was determined in 442
healthy Caucasian subjects ranging in age from 3 wk to 18
y. Highest PICP values (mean * SD: 2200 x 350 ug/L)
occurred in infants less than 3 mo of age, falling by 70%
at 2 y and by an additional 10% at 4 y. There was no
significant change in serum PICP between 4 and 16 y of
age (330 % 130 pg/L), but a decrease to adult levels of
<160 ug/L occurred by 18 y. In 76 children with growth
disorders, serum PICP was related to linear growth velocity
(p < 0.001), although there were no significant differences
in PICP among the 38 children with growth hormone
insufficiency, the 21 short children with no endocrinologic
abnormality, or the 17 tall children. All 15 prepubertal
children treated with growth hormone for 3 mo showed
significant increases in both growth velocity and serum
PICP, with a significant relationship (p < 0.01) between
the degree of increases. The rise in serum PICP at 3 mo
(but not baseline PICP values) predicted the increase in
growth velocity after 1 y of treatment. Similar changes
were observed in the concentration of the aminopropeptide
of type III procollagen, except that serum aminopropeptide
of type III procollagen showed a definite increase during
puberty and a wider spread of values in growth disorders.
We conclude that measuring serum PICP by the new,
reproducible assay reflects height velocity in prepubertal
children and may be a useful biochemical means of moni-
toring growth rates. (Pediatr Res 30: 276-280, 1991)
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HYV, height velocity
PICP, carboxyterminal propeptide of type I procollagen
PIIINP, aminoterminal propeptide of type III procollagen
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mone has raised the possibility of using growth hormone to treat
a wide range of conditions in which growth retardation is a
feature (1, 2). At the present time, the effects of this expensive
treatment can only be evaluated by determining HV over several
months. Because metabolism of extracellular matrix components
increases during growth, measurement of extracellular matrix
production may be a biochemical means of monitoring growth.
This may be useful in assessing short-term effects of growth
hormone and may help to identify at an early stage those children
who will respond to growth hormone therapy.

The major structural proteins of the extracellular matrix are
the interstitial collagens, of which there are several genetically
distinct types. Type I collagen is the most abundant and is found
in mineralized bone and soft connective tissues; type I1I collagen
occurs with type I in soft connective tissues, but in lesser
amounts, whereas type II collagen is found predominantly in
cartilage (3). During the synthesis of these collagens, large soluble
propeptide domains are released into the circulation from the
precursor procollagen molecules (4). A number of investigations
have shown that serum concentrations of the aminopropeptide
of type III procollagen, measured by RIA, reflect growth rates
(5-9). Because growth hormone has well-established direct effects
on bone growth but is without known direct effects on the growth
of somatic tissue, it might be anticipated (10) that the serum
concentration of PICP may be more useful in assessing growth
than PIIINP, because type I collagen is found in both bone and
somatic tissues, whereas type III collagen is only found in somatic
tissues.

However, studies of PICP have so far been limited to one
research group (11-13) with access to an assay developed by
Taubman et al. (14). The introduction of a new, easily available
assay for PICP (15) prompted the present study to assess the role
of serum procollagen propeptides in monitoring growth. Our
aim was to define the specificity of the new RIA for PICP, to
assess the practicality of using this assay for routine monitoring
of pediatric patients, and to establish, for the first time, reference
values for serum PICP in healthy infants and children. In addi-
tion, we assessed the relationship between serum PICP and HV
in untreated growth disorders and in children before and after 3
mo of treatment with exogenous growth hormone. To determine
whether serum PICP may be more useful in assessing growth
than serum PIIINP (11), PICP and PIIINP were compared in
healthy children and patients with growth disorders.

SUBJECTS AND METHODS

Healthy Infants and Children. 442 healthy white Caucasian
subjects between 3 wk and 18 y of age were studied (215 females,
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227 males). All were recruited from the local population in
southeast England and came to King’s College Hospital specifi-
cally to donate samples of blood. All were reported by their
parents to be healthy and engaged in activities normal for their
age. Hematologic parameters and biochemical tests of liver func-
tion were within the reference range for age in all subjects. No
healthy subject was receiving any drug therapy at the time of
blood sampling, but some infants had received diptheria/pertus-
sis/tetanus vaccine up to 3 wk previously. This study had the
approval of The Ethical Committee of King’s College Hospital,
and informed consent was obtained from the parents and, where
appropriate, from the children before participation in the study.

The heights and weights of the healthy subjects were all within
the reference interval for age. No assessment was made of pu-
bertal stage. The subjects had not fasted and blood was obtained
between 1000 and 1200 h from the antecubital vein with the
subject in the sitting position. Serum was separated within 1-3
h of sampling blood, and the samples were batch stored at 4°C
for up to 48 h before being assayed for biochemical tests of liver
function or at —70°C for [-3 y until assayed for PICP and
PIIINP. Such storage conditions were found to have a negligible
effect on serum biochemical parameters measured.

Fatients. 76 children with disorders of growth who had formed
part of a cohort in a previous study (7) were assessed. Using
diagnostic criteria previously described (7), 38 (31 male; 7 female)
had growth hormone insufficiency, 21 (13 male; 8 female) had
no endocrinologic abnormality but were of short stature (short
normal), and 17 (5 male; 12 female) had tall stature; 14 of the
tall subjects were pubertal. Height and HV in the three patient
groups are shown in Table 1. Blood samples were obtained from
nonfasted patients between 0600 and 0900 h, and the separated
serum samples were stored at —70°C for up to 3 y until used for
PICP and PIIINP analysis. None of the patients had previously
received exogenous growth hormone therapy. Fifteen (five
growth hormone insufficient, 10 short normal) started treatment
with Somatatrem (Somatonorm:KabiVitrum, Stockholm, Swe-
den), 2 U per dose s.c. six times per wk) during the course of this
study; in these patients, serum PICP and PIIINP were measured
both before and at 3 mo after starting treatment with Somato-
norm.

Biochemical Analyses of Serum. Assay for PICP. Serum PICP
was measured with a recently developed, equilibrium RIA kit
(Farmos Diagnostica, Oulunsalo, Finland) (15). We initially
tested for whether the antigen related to PICP in the serum of
healthy infants and children binds the PICP-antibodies in the
RIA with the same affinity as the standard PICP. To determine
this, full inhibition curves were run for 15 samples of serum
(PICP concentrations 390-2820 ug/L), serially diluting each
sample with the zero standard provided in the assay kit. All the
inhibition curves obtained (mean slope = SD = —1.293 + 0.23)
were parallel to the standard curve of PICP (—1.262 + 0.28),
indicating that serum PICP binds in the assay with the same
affinity as the standard PICP. Samples of serum from infants

Table 1. Height, HV, and serum PICP and PIIINP in untreated
children with growth disorders

GHI* SN Tall
(n=138) (n=21) (n=17)

Height (cm) [18.8 +12.8% 113.3+12.3 1709+223
Height-SDS —=224+091 -=2.13+0.59 +3.54 +0.79
HYV (cm/y) 3.76 £ 0.99 538+0.76 6.97x201
HV-SDS =216 +129 -049+049 +1.68+244
Serum PICP (ug/L) 240 £ 90 320 = 120 360 + 160
Serum PICP-SDS -0.74 £0.69 +0.09 £0.98 +0.26 + 1.31
Serum PIIINP (ug/L) 5714 6.1+ 1.5 10.3 + 3.1

Serum PIIINP-SDS  —1.08 £0.61 —0.86 =0.56 +0.89 + 1.80

*GHI, growth hormone insufficiency; SN, short normal; Tall, tall
stature.
T Values are mean + SD.
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and children could therefore be assayed as a single dilution and
their PICP concentration read directly from the standard curve.

Serum samples were routinely assayed using duplicate 50-uL
aliquots of serum diluted with 50 uL of the zero standard
provided in the assay kit. When serum PICP values were >350
pg/L, the samples were further diluted with the zero standard
and re-assayed. The sensitivity of the assay was defined as the
detectable mass equivalent to twice the SD of the zero binding
value and was found to be 1.2 ug (15). The interassay coefficients
of variation were 5.6, 4.5, and 6.0% for serum PICP concentra-
tions of 120, 432, and 2107 ug/L, respectively; intraassay coef-
ficients of variation were 4.5, 5.0, and 5.6%, respectively. Re-
peated freeze-thawing of serum and storage at —70°C had a
negligible effect on PICP concentrations.

To assess the specificity of the RIA in healthy subjects of
different ages, 0.5-1.0 mL of serum from five subjects (age range
2 mo to 13.5 y) were chromatographed on a column (1.5 X 110
cm) of Sephacryl S-300 equilibrated with PBS pH 7.2 containing
0.04% Tween 20. Twenty-min fractions were collected at room
temperature and directly analyzed for PICP, using the PICP
assay in a sequential rather than equilibrium manner to increase
the sensitivity. The column was calibrated with purified '2]-
labeled PICP. Serum samples (1.0 mL) obtained from a child
with growth hormone insufficiency both before and after 3 mo
of growth hormone therapy were similarly chromatographed.

Other biochemical assays. The PIIINP was assayed with a RIA
kit (Farmos Diagnostica) as previously described (7).

Biochemical tests of liver function were measured within 48 h
of sampling blood using a Sequential Multiple Analysis with
Computer analyzer (Technicon Instrument Corp., Basingstoke,
England).

Data Analysis. Serum PICP data in healthy subjects, children
with growth disorders, and the two groups together were found
to follow a normal distribution. A one-way analysis of variance
was used to determine whether a difference existed between
healthy subjects of different ages, and the statistical significance
of the differences between the mean values was then determined
using the ¢ test. The relationships between serum PICP and age,
height, and weight in healthy subjects were analyzed using regres-
sion analysis.

To compare serum PICP in children with growth disorders
directly with age-matched controls, serum PICP in the patients
was expressed as a SD score where:

_ observed PICP — mean PICP for age-matched controls
SD for age-matched controls

A PICP-SDS greater than +2.0 or less than —2.0 showed that
PICP was outside the reference interval for age (defined as mean
+ 2 X SD). The difference in PICP-SDS between the three groups
of patients was tested using a one-way analysis of variance
followed by the ¢ test. The relationship between serum PICP and
HV in untreated patients was tested using regression analysis.
The paired ¢ test was used to assess the significance of increases
in HV, PICP, and PIIINP in children treated for 3 mo with
exogenous growth hormone; the correlations were analyzed using
regression analysis.

SDS

RESULTS

Distribution of PICP concentrations in serum in infants and
children. Serum PICP values showed a normal distribution in
healthy infants and children, in patients with growth disorders,
and in the two cohorts combined.

Serum PICP in healthy infants and children. In healthy infants
and children, there was a marked variation in the concentrations
of PICP in serum with age in the first 4 y of life (Fig. 1). The
highest values of PICP occurred in infants younger than 3 mo of
age (mean = SD = 2200 + 350 ug/L, n = 13), decreasing to 1700
+ 710 ug/L (n = 20) between 3 and 6 mo, 1040 + 480 ug/L (n
= 17) between 6 and 9 mo, and 870 = 370 ug/L (n= 15) between
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Fig. 1. Serum concentrations of PICP in 441 healthy infants and children. (®) male subjects; (O) female subjects.

9 and 12 mo. Between 12 and 24 mo, PICP concentration was
670 = 170 pg/L (n = 19), 390 = 160 ug/L (n = 30) between 2
and 3y, and 410 = 130 ug/L (n = 15) between 3 and 4 y. There
were significant negative correlations (p < 0.001) between PICP
and age (r = —0.865), height (r = —0.879), and weight (r =
—0.838) in the 129 samples obtained during the first 4 y of life.
Between 4 and 16 y, the PICP concentrations covered a wide
range (330 + 130 ug/L) but did not fall further. There were a
few notably high values (see Discussion), but there did not appear
to be any systematic change with age. Adult levels of PICP
(generally < 160 ug/L; Ref. 12), which are significantly lower (p
< 0.001) than children’s values, were reached by 16-18 y of age.
There was no significant difference between the PICP concentra-
tions in male and female subjects in any age group up to 18 y of
age.

To assess the specificity of the PICP assay, five serum samples
representing a wide range of PICP concentrations (2320-340 ug/
L) and ages (2 mo to 13.5 y) were analyzed by gel filtration on a
column of Sephacryl S-300. Only one peak of antigenicity was
detected in each sample, and in each case its M, was similar to
that of the purified standard PICP.

Serum PICP in children with growth disorders. Children with
growth hormone insufficiency had the lowest PICP concentra-
tions in serum; short normal children tended to have somewhat
higher values; and tall children had PICP values that covered a
wide range (Table 1). In the whole group of 76 patients, serum
PICP was related to linear growth, the lowest values being found
in children with a HV <2.5 cm/y and the highest in those with
a HV >7.5 cm/y (Table 2). There were significant correlations
(p < 0.01) between PICP and HV, irrespective of whether they
were expressed as absolute values or SDS values (PICP versus
HYV r=0.594, PICP versus HV-SDS r = 0.434; PICP-SDS versus

HV r = 0.646, PICP-SDS versus HV SDS r = 0.462). The
correlations between serum PICP and HV remained significant
(p < 0.01), even when the untreated patients were divided into
prepubertal (PICP versus HV r = 0.516) and pubertal (PICP
versus HV r = 0.508) groups.

There was considerable overlap in serum PICP values between
children with growth hormone deficiency, those with short stat-
ure, and tall children, and between these groups and age-matched
healthy children (Table 1). When the PICP concentrations were
expressed as PICP-SDS (Table 1), none of the growth hormone
insufficient children or the short normal children had values of
PICP-SDS below the lower limit of normal for age (i.e. less than
—2.0), although many did have serum PICP-SDS values within
the lower part of the reference interval for age. Two of the tall
children had PICP-SDS above the upper limit of normal for age
(i.e., above +2.0), but the other 10 had values within the normal
range for age.

Ofthe 15 prepubertal children treated for 3 mo with exogenous
growth hormone, all showed significant increases (p < 0.001) in
HYV and concomitant increases in serum PICP. In the 10 who
were short normal, HV increased from 5.3 = 0.5 cm/y (mean +
SD) to 8.7 + 2.0 cm/y, with a concomitant increase in the
concentration of PICP in serum from 260 = 50 ug/L to 440 +
190 ug/L; in the five patients who were growth hormone insuf-
ficient, HV increased from 3.5 £ 1.7 t0 9.0 + 2.2 and PICP from
200 = 90 to 420 = 140. The absolute values of HV were related
to the absolute values of PICP when the samples from the 15
children before and after 3 mo treatment with growth hormone
were considered as a single group (r = 0.721, p < 0.001, n = 30).
After the 3-mo treatment period with growth hormone, there
was a highly significant correlation between the increase in HV
and the percentage of increase in serum PICP (r = 0.743, p <

Table 2. Serum PICP, PIIINP, and HV in untreated children with growth disorders

HV* <25 HV =26-5.0 HV =5.1-7.5 HV = 17.6-10.0
(n==6) (n=42) (n=18) (n=17)
HV (cm/y) 2.18 £ 0.457 421 +£0.61 6.02 + 0.70 8.48 £0.77
HV-SDS —-3.92 £ 0.71 —1.51 £ 1.09 +0.10 + 1.42 +3.43 = 2.04
PICP (ug/L) 190 + 130 250 + 80 320 + 140 380 + 200
PICP-SDS —1.01 £0.99 —0.62 + 0.60 +0.04 £ 1.12 +0.88 + 0.85
PIIINP (ug/L) 49+ 1.4 6.4+ 18 7.0+ 3.0 11.4+£33
PIIINP-SDS —1.43 £ 0.68 —0.63 £ 0.94 —0.57 £ 1.52 +1.19 % 1.56
*In cm/y.

+ Values are mean + SD.
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Fig. 2. Percentage of increase in serum PICP after 3 mo of treatment
with growth hormone and change in HV after 3 mo and 12 mo of
treatment, respectively. (@) growth hormone insufficiency; (M) short
normal.

0.001, n = 15; Fig. 2): two children (with growth hormone
insufficiency) who had disproportionately high-percentage in-
creases in serum PICP had had the lowest baseline (i.e. pretreat-
ment) values of serum PICP. Early increases in serum PICP (i.e.
after 3 mo of treatment) were related to the growth response
after 1 y of treatment (r = 0.872, p < 0.001; Fig. 2) Baseline
PICP concentrations in serum were not related to the increase
in growth velocity after either 3 mo or 1 y of treatment with
exogenous growth hormone.

Gel filtration studies showed that the serum antigens detected
by the PICP assay were similar both before (pretreatment PICP
= 87 ug/L) and after 3 mo of treatment with exogenous growth
hormone (PICP = 320 pg/L). Only one peak of antigenicity for
PICP was detected in both samples, corresponding in M; to that
of purified PICP.

Relationship between concentrations of PICP and PIIINP in
serum. Although the general trend of the PICP results was similar
to PIIINP results (14), there were some important differences
between PICP and PIIINP.

The pattern of change in serum PICP with age in healthy
subjects was similar to that of PIIINP (7) up to 10 y of age, with
a significant correlation between serum PICP and PIIINP (r =
0.744, p < 0.001). Over 10 y, there was no apparent systematic
increase in PICP, in contrast to PIIINP, which increased signifi-
cantly around the chronologic age of puberty (14).

In the untreated children with growth disorders, both serum
PICP and PIIINP were the lowest in the children with growth
hormone insufficiency and the highest in the tall children (Table
1); the tall children (most of whom were pubertal) had propor-
tionately greater values of PIIINP when compared to PICP (Table
1). In the 62 prepubertal patients, both PICP and PIIINP corre-
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lated significantly (p < 0.01) with HV and with each other (for
PICP versus HV, r = 0.516; for PIIINP versus HV, r = 0.438;
for PICP versus PIIINP, r = 0.440). In the 14 pubertal patients,
only PICP correlated with HV (r = 0.508; p < 0.01); there was
no significant correlation between serum PIIINP and HV or
between PIIINP and PICP, probably because PIIINP was dispro-
portionately high in pubertal patients.

In the 15 prepubertal children treated with exogenous growth
hormone, both PICP and PIIINP showed a similar significant
relationship to HV, although the r value was lower (0.60 versus
0.721) and the values more widespread for PIIINP. The percent-
age of increase in both PICP and PIIINP after 3 mo of growth
hormone treatment were related to each other (r = 0.662), and
each was related to the increase in HV at 3 mo [for a percentage
of increase in PICP versus increase in HV, r = 0.743 (Fig. 2); for
a percentage of increase in PIIINP versus increase in HV, r =
0.470]. The early changes in both PICP and PIIINP (i.e. after 3
mo of growth hormone treatment) were also significantly related
to the increase in HV after 12 mo of growth hormone treatment
[for a percentage of increase in PICP at 3 mo versus change in
HYV at 12 mo, r = 0.872 (Fig. 2); for a percentage of increase in
PIIINP at 3 mo versus change in HV at 12 mo, r = 0.625].

DISCUSSION

Type I collagen is the most abundant collagen species in the
body and is found both in the skeleton and soft tissues (3).
During growth, a very active synthesis of type I collagen may be
reflected by high serum concentrations of PICP, and, in healthy
individuals, serum PICP most probably reflects changes in bone
collagen (16). Serum PICP has not, however, been extensively
studied because of the lack of a widely available RIA for PICP.
The recent development of a new RIA for PICP (15), which is
available commercially, makes it feasible to consider the routine
measurement of serum PICP in clinical situations in which there
is an alteration in growth.

This study confirms that the new PICP assay (15) is simple to
perform and highly reproducible, requires only 50 xL of sample
or less in infants and children, and provides results in less than
6 h. The assay is highly specific, reacting in infants, children, and
adults with only one form of serum antigen, that corresponds to
PICP, which is released into the circulation during the synthesis
of type I collagen. The high specificity of the PICP assay is in
contrast to the less specific nature of other assays described for
procollagen peptides (17), which have been found to react with
heterogeneous forms of serum antigens that may be derived from
either synthesis and/or degradation of collagens. The simplicity,
high reproducibility, and specificity of the PICP assay make it
eminently suitable for routine clinical use.

This study reports, for the first time, reference intervals for
serum PICP obtained from a cross-sectional study of 442 healthy
white British infants and children. Healthy subjects up to 10 y
of age (Fig. 1) showed a pattern of change in serum PICP with
age that was generally similar to the pattern of the HV curve for
healthy children up to 10 y (18), which suggests that serum PICP
is related to growth rate in prepubertal children. However, a few
exceptionally high PICP values were observed; recent evidence
(Risteli and Risteli, unpublished observations) suggests that the
very high serum PICP concentrations occurring in 0.5-1% of
healthy subjects may be due to a polymorphism in the uptake of
circulating PICP via the mannose receptor on liver endothelial
cells (19).

In addition to similarities in the trends of serum PICP and HV
with age in healthy subjects up to 10 y of age, we have also
demonstrated a more direct relationship between serum PICP
and HV in untreated prepubertal children with growth disorders
and those who received exogenous growth hormone therapy for
3 mo. Particularly in the latter group of patients, the percentage
increase in serum PICP over the 3-mo treatment period was
closely related to the increase in HV. Although only a relatively
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small group of patients has been studied, these findings strongly
suggest that serum PICP is a biochemical marker of growth, as
earlier suggested by Carey et al. (11), who also found increases
in serum PICP after successful treatment with growth hormone.

However, in some respects our findings are at variance with
those of Carey et al., most probably because of differences in the
patient groups used. We could find no clear distinction in our
study between PICP in children with growth hormone insuffi-
ciency and those with short stature but normal endocrinology;
PICP showed a continuous distribution between children with
growth hormone insufficiency, short stature with normal endo-
crinology, normal stature, and tall stature, in a manner similar
to that seen for other biochemical indices such as insulin-like
growth factor. This indicates that measurement of PICP is not
of any value in clearly differentiating children with growth dis-
orders from each other or from normally growing children. Also,
in contrast to Carey et al. (11), we could find no evidence that
the baseline serum PICP concentrations could identify those
children who would respond favorably to exogenous growth
hormone treatment. We did, however, find that the percentage
of increase in serum PICP after 3 mo of growth hormone
treatment was related to the increase in HV over 1 y of treatment;
whether very early increases in PICP (e.g. after 1 wk of treatment)
are similarly predictive of a child’s response to growth hormone
remains to be investigated in a larger group of patients.

These findings of serum PICP in prepubertal children are very
similar to our previous findings with serum PIIINP (7). Graham
(10) suggested that serum PICP may be a better marker of linear
growth than PIIINP, because PICP reflects bone and somatic
growth whereas PIIINP reflects only somatic growth. We have
found that, when related to HV, PICP did show higher r values
than PIIINP, particularly in the relationship between the per-
centage of increase in PICP and increase in HV upon treatment
with exogenous growth hormone. However, in general, there
were significant correlations between serum PIIINP and serum
PICP in prepubertal children, showing the self-evident relation-
ship between linear and somatic growth in these patients. A
similar relationship between PICP and PIIINP was found in
healthy children under 10 y of age.

In healthy subjects over 10 y of age, however, serum PICP and
PIIINP appeared to react differently. Unlike PIIINP (7), PICP
did not show any systematic increase during the pubertal growth
spurts. The wide reference intervals for PICP suggests that there
are large interindividual variations in the metabolism of type I
collagen in bone and that any increase in PICP during puberty
may, therefore, be masked by the wide reference range in a cross-
sectional study such as the present one. The increases we previ-
ously found in PIIINP during puberty in the same children (7)
may be more apparent because of the fairly narrow range of
PIIINP found in prepubertal children. Increases in PIIINP may
also be more apparent because the serum concentrations of
PIIINP reflect the degradation as well as the synthesis of type III
collagen, whereas serum PICP reflects only the synthesis of type
I collagen. During puberty, an increased degradation of collagens,
occurring when tissue remodeling takes place as part of the
growth process, may significantly contribute to the PIIINP con-
centrations in serum but not to serum PICP. This may be why
several of our tall pubertal patients had disproportionately high
values of serum PIIINP when compared to serum PICP. Future
studies using longitudinal measurements are necessary to eluci-
date the precise pattern of change in serum PICP and PIIINP in
different phases of growth (particularly during puberty) in chil-
dren.

From this study, we conclude that the concentration of the
carboxyterminal propeptide of type I procollagen in serum re-
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flects HV in healthy children under 10 y of age, in prepubertal
children with growth disorders, and in those treated with exoge-
nous growth hormone therapy. The development of a specific,
simple, rapid, and reproducible RIA for PICP means that serum
PICP can now be routinely monitored. Although this RIA had
no diagnostic value with regard to growth disorders, it may be a
valuable biochemical means of monitoring growth rates. The
present study provides some evidence that PICP may be more
useful in assessing HV in prepubertal children than PIIINP, but
studies in larger groups of children are needed to clarify this. The
relationship between serum PICP and PIIINP in puberty may be
more complex than previously thought and requires additional
longitudinal investigations.
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