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Object ives:  We measured the levels of the pyr id ino l ine 
crosslinked carboxyterminal te lopept ide of type I collagen 
(ICTP) and osteocalcin (OC) in the serum of 12 rachitic and 27 
healthy Nigerian children, and compared the performance of 
these relatively new markers of bone metabolism with estab- 
lished laboratory parameters of skeletal disease. 
Design and Methods: Active rickets was diagnosed on the basis 
of clinical and biochemical criteria. Serum calcium and phos- 
phorus concentration and alkaline phosphatase activity were 
determined using clinically accepted methods. Radioimmuno- 
assay was performed to quantify parathyroid hormone, 1-,25- 
dihydroxyvitamin D, OC, and ICTP. 
Results: The rachitic children had statistically significant serum 
elevations of ICTP and osteocalcin as compared with age- and 
sex-matched controls. Serum levels of ICTP correlated with al- 
kaline phosphate activity. 
Conclusions: As a marker of abnormal bone metabolism, ICTP 
performs at least as well as alkaline phosphate. ICTP and OC are 
valuable additions to the growing repertoire of bone markers. 
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Introduction 

A s part  of a comprehensive ongoing biochemical 
a s ses smen t  of chi ldren 's  hea l th  in nor the rn  

Nigeria, we took advantage of the availabili ty of two 
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new markers  of bone metabolism and sought to com- 
pare their diagnostic performance with established 
clinical laboratory parameters  of skeletal disease. 
Our pr imary aim was to evaluate  the clinical uti l i ty 
of the serum pyridinoline crosslinked carboxytermi- 
nal telopeptide of type I collagen (ICTP) determina- 
tion, a sensitive and specific indicator of bone re- 
sorption, and osteocalcin (OC), a somewhat  contro- 
versial index of osteoblast activity, in populations of 
rachitic and unaffected West  African children be- 
tween the ages of 10 months and 7 years. 

In 1993, Risteli and coworkers introduced a new 
radioimmunoassay for measuring serum ICTP (1), a 
tr ivalent  lysinylpyridinoline crosslink which stabi- 
lizes type I collagen in bone, cartilage, l igaments,  
and aorta. ICTP is formed extracellularly only in 
mature  collagen. As bone undergoes remodeling, 
collagen is proteolyzed; however, being very stable, 
the lysinyl crosslinks are not further  metabolized or 
degraded but  rather  are filtered and excreted by the 
kidneys. Circulating levels of ICTP, therefore, cor- 
relate well with rates of bone resorption est imated 
histomorphometrically and by calcium kinetic stud- 
ies (2,3). Serum concentrations of ICTP correlate 
with the  u r inary  excretion of deoxypyridinol ine  
crosslinks and are elevated in conditions associated 
with increased bone loss, e.g., multiple myeloma, os- 
teolytic metastases,  and immobilization (4-6).  Es- 
trogen replacement therapy reduces both bone loss 
and the serum level of ICTP in women with post- 
menopausal  osteoporosis (5). ICTP in serum and 
deoxypyridinoline in urine arise nearly exclusively 
from the metabolism of bone. Fur thermore ,  both 
represent  the most specific markers  currently avail- 
able for the clinical assessment  of bone resorption 
(4,6). 
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The function of the vi tamin K-dependent protein 
OC, or bone Gla protein (BGP) in physiology re- 
mains controversial, as does its clinical relevance. 
This 5.8 Kd polypeptide appears to be synthesized 
and secreted into the circulation exclusively by os- 
teoblasts and odontoblasts during the matrix min- 
eralization phase of their  development (4,7). OC con- 
st i tutes the major fraction of noncollagenous bone 
protein, and most likely plays a role in stabilizing 
hydroxyapati te  via complexes between calcium and 
~/-carboxyglutamate residues. Elevations in serum 
OC have been reported in Paget 's  disease, skeletal 
metastases,  pr imary hyperparathyroidism, and re- 
nal osteodystrophy as well as in postmenopausal  
women (7-11).  Although there is evidence to the 
contrary, it is generally accepted that  serum osteo- 
calcin values correlate with parathyroid hormone, 
vi tamin D, and ALP concentrations, and that  cir- 
culating levels of OC are related to the activity of 
osteoblasts (4,7,8). 

Here, we determined the concentration of calcium, 
phosphorus ,  pa ra thy ro id  hormone (PTH), 1-,25- 
d ihydroxyv i t amin  D, and a lka l ine  phospha tase  
(ALP) activity in the serum of 12 children with ac- 
tive rickets, and 27 heal thy controls, all who were 
recruited from villages surrounding the city of Jos in 
Nigeria. 

Materials and methods 

Spec imens  were  ob t a ined  from ch i ld ren  (10 
months to 7 years of age) living in five villages lo- 
cated 10 -25  km distant  from Jos, Nigeria. Proce- 
dures followed were in accordance with the Helsinki 
Declarat ion of 1975 as revised in 1983, and the 
study was approved by the Human  Research Review 
Committee at the Univers i ty  of New Mexico School 
of Medicine. Venous blood was collected into clear, 
dry 5 mL vacutainer  tubes. After 45 min, the tubes 
were cooled and centrifuged at × 1200 g for 8 min. 

The serum layer was separated and transferred to 
Eppendorf microcentrifuge containers which were 
immediately frozen ( - 4 3  °C) for 1 - 6  weeks until  
they were t ranspor ted  to Albuquerque,  NM, for 
analysis. The subjects were screened (n = 37) by 
experienced pediat r ic ians  at the Jos  Univers i ty  
Teaching Hospital (JUTH) using the following clin- 
ical criteria: stereotypical  skeletal  abnormali t ies  
such as bowing of the legs, widening of the distal 
epiphyseal plates of the wrists, cranial bossing, or 
the presence of a rachitic rosary. Because the tech- 
nology necessary to perform radiographic confirma- 
tion of rickets was unavailable at the site of our 
study, we defined active disease on the basis of bio- 
chemical criteria. In order to meet these criteria a 
child with the clinical impression of rickets had to 
have a decreased serum calcium and phosphorus 
level (~<9.0 mg/dL and <~4.5 mg/dL, respectively) 
and serum ALP activity >500 U/L in order to be 
classified in the  exper imen ta l  group. (1-,25-di- 
hyroxyvitamin D levels were supranormal and not 
statistically significant between both groups stud- 
ied). Each subject's medical history was obtained, 
including physical examination, with part icular  at- 
tention being given to recent infections and a family 
history of skeletal abnormalities. 

The controls (n = 27) were matched according to 
age, religion (because of differences in diet), and sex, 
and were recruited from immunizat ion clinics of 
J U T H  and the surrounding villages. All of these 
children were found to be in good health, and were 
free of the manifestat ions of rickets. The salient 
physical characteristics of the rachitic children and 
controls are summarized in Table 1. 

Serum calcium, creatinine, phosphorus, and ALP 
activities were measured with the aid of a Kodak 
Ektachem DT-60 analyzer (Rochester, NY) which 
monitors rate or end-point colorimetric assays by re- 
f lectance photometry .  Reagen ts  and ca l ibra t ing  
standards were purchased from Physician Sales and 

TABLE 1 
Summary of the Characteristics of the Study Groups 

Controls (n = 27) Rickets (n = 12) 

Mear~SD Median/(Range)* Mean/SD Median/(Range) p Value R.I. 

Age (yr) 2.9/1.7 3.3/1.8 NS 
Males-Females 19M-8F 9M-3F 
BMI (k/m 2) 16.7/2.3 17.8/1.3 NS 
ICTP (t~g/L) 11.0/3.6 11.3/(6.5-21.6) 35.7/27.8 24.8/(15.1-93.4) <0.0001 age-dependent 
Osteocalcin (~g/L) 2.4/1.7 4.6/2.2 <0.01 not established 
ALP (U/L) 258/91 251/(124-529) 812/288 742/(511-1319) <0.0001 <500 
PTH (~g/L) 0.6/0.1 1.2/0.3 <0.0001 0.33-0.55 
Total calcium (mg/dL) 9.4/0.5 8.2/0.6 <0.0001 9.0-10.8 
Phosphorus (mg/dL) 5.1/0.6 3.5/0.6 <0.0001 4.5-6.7 
1,25-(OH)2D (ng/L) 195/83 160/(87-332) 256/91 280/(101-372) NS 18-64 

* Median and range  are given where data  is not normal ly  distributed. R.I. = childhood reference in terval  (see reference 
14), SD = standard deviation, NS = statistically insignificant (p > 0.05), BMI = body mass index, ICTP = pyridinoline 
crosslinked carboxyterminal telopeptide of type I collagen, ALP = alkaline phosphatase, PTH = parathyroid hormone, 
1,25-(OH)2 D = 1,25-dihydroxyvitamin D. 
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Services, (Albuquerque, NM). Quali ty control mate- 
rials were a gift from the Clinical Chemistry Section 
of the  Unive r s i ty  of New Mexico Hospital .  The 
method utilized for ALP was originally described by 
Bessey, Lowry and Brock and modified by Bowers 
and McComb (12) and relies on the rate of nitrophe- 
noxide production (pH = 10.5) monitored at 400 nm. 
Prior to assay, aliquots of sera were incubated for 
18 -22  h at 22 °C in order to ensure full recovery of 
ALP activity (13). Calcium was measured by an Ar- 
senazo III dye-binding method (pH = 5.6) monitored 
at 680 nm and phosphorus by reduction of an am- 
monium phosphomolybdate complex (pH = 4.2) at 
660 nm. Creatinine was quantified by an enzymatic 
method in selected sera so as to rule out glomerular 
dysfunction as a cause of elevated ICTP. Rigid ana- 
lytical performance criteria were met and the over- 
all precision of the  de te rmina t ions  ranged from 
2-6%.  

Radioimmunoassay kits for the determination of 
ICTP, OC, PTH (mid-molecule),  and 1-,25-dihy- 
droxyvi tamin D were purchased from INCSTAR 
Corp., Stillwater, MN. Radioactivity in the osteocal- 
cin and ICTP pellets were counted in a United Tech- 
nology Packard  Crys ta l  Mult i  Detect ion System 
scintillation counter, (Downers Grove, IL). Repli- 
cates had a coefficient of var ia t ion  be tween  1.3 
and 6.0%, and rigid analytical performance criteria 
were met. To rule out influences s temming from 
specimen processing, diurnal  variation, and racial 
differences, we also determined serum OC levels in 
fresh sera obtained from 14 children living in Albu- 
querque, NM. 

All statistical analyses were calculated using the 
Number  Crunching stat is t ical  software program 
(NCSS version 5.X; Kaysville,  UT). Group compar- 
isons were made using the M a n n - W h i t n e y  (non- 
parametric) Two-Sample Non-Matched test  and sim- 
ple linear regression. 

Results 

SERUM LEVELS OF I C T P  ARE ELEVATED IN 
RACHITIC CHILDREN 

As shown in Table 1, we observed a highly statis- 
tically significant difference in the circulating levels 
of ICTP between the rachitic subjects and the unaf- 
fected children who served as controls (p < 0.0001). 
The median ICTP value of the control group was 
11.3 I~g/L with values ranging from 6.5 to 21.6 t~g/L. 
The median serum ICTP calculated for children 
with active rickets was 24.8 I~g/L (15.1 to 93.4 t~g/L). 
Elevations ranged upward of ten-fold in some chil- 
dren as compared with controls (Fig. 1). 

The serum ICTP concentration and the rate of uri- 
nary excretion of lysinylpyridinoline crosslinks are 
known to be strongly age-dependent, with each pa- 
rameter  decreasing from infancy until  the onset of 
puberty (14). We, therefore, compared our results 
with 8 separate age intervals established for these 
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Figure  1 Serum ICTP values  as a function of age in  
healthy (n = 27) and rachitic (n = 12) Nigerian children. 
Symbols: O, rachitic children; O, healthy children. 

heal thy British children from 3 months to 8 years  of 
age. Between the ages of 10 months and 4 years, the 
serum concentration of ICTP in heal thy Nigerian 
children was 25-45% lower than the corresponding 
values reported for British children. 

SERUM I C T P  CORRELATES WITH ALKALINE 
PHOSPHATASE ACTIVITY 

The serum ICTP value correlated with alkaline 
phosphatase activity overall (Fig. 3, r = 0.72). The 
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Figure 2 - -  Serum alkaline phosphatase activity as a 
function of age in healthy (n = 12) and rachitic (n = 19) 
Nigerian children. ©, healthy children; 0 ,  rachitic chil- 
dren. 
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median serum ALP activity was 251 U/L in the con- 
trol group (124-539 U/L) and 742 U/L (511-1319 
U/L) for the rachitic group (p < 0.0001, Table 1 & 
Fig. 2). Heal thy children between the ages of 1 -12  
years  have highly var iable  serum ALP activity; 
however, the upper limit of the reference interval is 
widely accepted as being 500 U/L (13). Noteworthy 
in our s tudy is the fact tha t  the two rachitic children 
who had the highest  serum alkaline phosphatase 
levels (1319 and 1259 U/L) also exhibited the high- 
est serum ICTP concentrations (93.4 and 92.9 ~tg/L, 
respectively), reinforcing the assertion that  the se- 
rum ICTP value is a sensitive and reliable marker  of 
bone turnover.  When these two children are ex- 
cluded from the regression analysis, the correlation 
coefficient remains  essentially unchanged. Interest- 
ingly, the single control (a 2-year-old male) with an 
ALP activity greater  than 500 U/L happened to be 
the only control who had an elevated ICTP value 
(15.4 ~g/L) as determined by age-matched compari- 
son. Because elevations in both markers  are highly 
indicative of abnormal bone physiology, we question 
whether  this child was assigned incorrectly to the 
control group. 

OSTEOCALCIN 

We found a slight but  statistically significant dif- 
ference (p < 0.01) in the serum OC levels between 
the rachitic, (mean = 4.6 ~g/L), and African control 
group (2.4 ~tg/L). The mean OC concentration in 
fresh sera obtained from 14 healthy,  nonrachitic 
children living in Albuquerque, NM was 2.5 ~g/L 
and was also significantly different as compared 
with the rachitic children (p < 0.05). The serum OC 
level did not correlate with serum levels of ALP, 
ICTP, total  calcium, phosphorus nor v i tamin D. 
Tietz has reported a reference interval for serum 
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and serum ICTP levels in Nigerian children (r = 0.72). 

osteocalcin in children of 10 -25  }xg/L (15). Circulat- 
ing OC has been reported to be lower in individuals 
of African descent (16); however, our results indicate 
there were no significant differences in serum OC 
levels between the heal thy African populations we 
studied and 14 children of different races who reside 
in New Mexico. 

Discussion 
Specific as the determination of lysinyl crosslinks 

may be for the laboratory assessment of bone resorp- 
tion, the question has been raised as to whether  it 
provides a clinician with any more diagnostic infor- 
mation than that  conferred by the determination of 
the established indices of bone disease such as se- 
rum alkaline phosphatase activity or ur inary hy- 
droxyproline excretion (17,18,19). Our study of Ni- 
gerian children with active rickets demonstra tes  
tha t  the serum ICTP determinat ion performs at 
least as well as ALP as a marker  of abnormal bone 
turnover. Furthermore,  ICTP, ur inary deoxypyridi- 
noline, and new radiometric assays which specifi- 
cally measure the bone isoform of ALP may provide 
the clinician with appreciably more specific tools for 
diagnosing, evaluating the efficacy of therapy and 
monitoring the course of metabolic bone disease 
(2,3,20,21). 

The elevations we observed in circulating ICTP 
seen in rickets may be the result  of increased turn- 
over of collagenous matrix result ing from insuffi- 
cient mineralization of bone, and may  also be the 
resu l t  of an increased ra te  of m a t u r e  col lagen 
crosslinking which occurs in response to deficient 
mineralization. There is a five-fold increase in the 
concentration of bone hydroxypyridinoline in chicks 
deprived of vitamin D, presumably because deficient 
mineralization allows more time for crosslink for- 
mation (22). Therefore, two factors may account for 
elevations in serum ICTP concentration which occur 
in metabolic bone disease: abnormal  turnover  of 
bone matrix and pathological changes which alter 
the extent of crosslinking in type I collagen. 

The lower circulating ICTP levels we observed in 
heal thy Nigerian children between the ages of 10 
months and 4 years, as compared to their  British 
counterparts,  argues strongly for the need to estab- 
lish appropriate age-dependent ICTP reference in- 
tervals for African children. By 5 years of age, how- 
ever, the healthy Nigerian control children had se- 
rum ICTP levels which fell wi th in  the  defined 
intervals for British children. In heal thy children 
between 5 years of age and the onset of puberty,  
serum ICTP is expected to be at a relatively low 
concentration, indicating that  bone remodeling may 
be somewhat slowed at this age as compared with 
infancy and puberty. Several factors could account 
for the decreased serum ICTP levels observed in the 
younger healthy African children, protein malnutri-  
tion being one such factor. A study of the excretion 
of lysinylpyridinoline crosslinks in the urine of mal- 
nourished Jamaican  children demonstrated a signif- 
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icantly reduced turnover  of bone matr ix,  which ac- 
celerated when the children's diets were improved 
(23). Genetic factors tha t  influence the rate  of bone 
turnover  could also account for the observed discrep- 
ancy in serum ICTP levels between Africans and 
Caucasians. Because osteoporosis is much less com- 
mon of a problem in black postmenopausal  women 
(24), bone tu rnover  is surmised to be decreased in 
individuals of African descent. The present  report  
corroborates this hypothesis.  

In the population of children we studied, the most 
likely cause of r ickets is a calcium deficiency in- 
duced by the presence of well-characterized antinu- 
t r ients  such as tannins  and oxalates in their  diet 
(25). The increased serum vi tamin D levels and de- 
creased phosphorus levels we observed were most 
likely the resul t  of elevated PTH, which is a normal 
response to calcium deficiency. 

Improvements  in the measurement  of type I col- 
lagen metaboli tes and bone associated peptides in 
serum and ur ine offer the clinician a much expanded 
and advanced choice of clinical laboratory indices of 
bone resorption. Our report  demonstrates  tha t  ICTP 
and OC are valuable additions to the growing rep- 
ertoire of clinically useful markers  of bone metabo- 
lism. Future  studies should be directed at delineat- 
ing which of these markers  is the best index of bone 
formation. 
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