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Abstract
Values for the urinary excretion of pyridinium
crosslinks of collagen, pyridinoline and
deoxypyridinoline, in a group of 30 elderly
women with femoral fractures associated with
osteoporosis and a group of 20 women without
recent fracture but with overt or suspected
osteoporosis were compared with 27 control
subjects matched for age. Relative to the
control group, the excretion of the crosslinks
was significantly higher in the group with
fractures and the group with osteoporosis.
Fractures contributed markedly to the excretion of pyridinium crosslinks as the patients
with fractures showed significantly higher
excretion of pyridinoline and deoxypyridinoline than the group without recent fractures.
This was confirmed by the fact that excretion
of pyridinium crosslinks in patients with
accidental bone fractures was significantly
higher than for healthy control subjects
matched for age and sex. The crosslinks
appear to provide valid indices of bone
resorption, but the effects of bone fracture
must be considered in the clinical application
of this technique.
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Following the recognition that osteoporosis is a
major health problem for the aging population
in developed countries, considerable attention
has been focused on devising methods to
measure bone loss and assess the risk of
osteoporotic fracture. In addition to static
measurements of the mineral content of bones
and estimation of bone loss using photon or x
ray absorptiometry, analyses of biochemical
indices of the rates of bone resorption and
formation have been made. For bone resorption,
several markers, including urinary hydroxyproline 1-3 and hydroxylysine glycosides,2 45 have
been investigated, but interference resulting
from the breakdown of collagen precursors or
from other proteins containing collagen-like
sequences has limited their use as specific
markers of the degradation of bone tissues.6
In attempting to develop improved markers
of collagen degradation, we investigated the use
of the pyridinium crosslinks pyridinoline and
deoxypyridinoline. These compounds are trifunctional crosslinks formed by the lysyl oxidase
mediated system during the maturation of
collagens.79 Pyridinoline is present predominantly in articular cartilage and to a lesser
extent in bone,8 10 whereas deoxypyridinoline is
most abundant in mineralised tissues such as
bone and dentine.'" " During the process of
collagen turnover the two crosslinks are released

into the blood and are subsequently excreted in
urine.'2 13
Methods have been developed to quantify
these crosslinks in urine'3 14 and several studies
have suggested that these assays could provide
indices of cartilage and bone breakdown in
patients with arthritic diseases'5'7 and metabolic
bone disorders.'8 19
In this study, the excretion of pyridinium
crosslinks in patients with osteoporosis and
osteoporotic bone fractures has been examined
in comparison with patients with accidental
bone fractures to evaluate the crosslinks as
markers of bone resorption and to assess the
effects of fractures.
Patients and methods
The excretion of pyridinium crosslinks was
measured in three groups of women.
The first group consisted of 30 patients (aged
69-92 years) with femoral neck fractures associated with severe osteoporosis. Eighteen
patients in this group also had an operation
either on the day of fracture or up to six days
after the fracture. The operation was to insert
plates or pins into the fractured bone. None of
these patients had pathological fractures as
judged by radiological examination. Urine
samples were collected from this group between
one and 184 days after the fracture. Twelve of
the patients had also had previous fractures.
The second group consisted of 20 patients
(aged 71-99 years) without recent femoral
fracture but with overt or suspected osteoporosis. This classification was based either on the
occurrence of vertebral, Colles' or femoral
fractures between one and 20 years previously
(eight patients) or because of long term steroid
treatment (three patients) or severe immobility.
A number of these patients had various cardiac
and cardiovascular diseases but only two had
signs of osteoarthritis.
The third group was 27 control subjects (aged
70-90 years) matched for age who had no
history of bone disease.
To assess the effect of fracture alone, crosslink
excretion was measured in two groups of men.
The first group consisted of 15 patients (aged
20-40 years) with accidental fractures. These
were generally single fractures of the femur or
tibia, but occasionally multiple fractures of the
long bones. None of these patients had known
bone disease. Six of the patients underwent an
operation to insert plates and pins into the fractured bones; urine samples were collected
between one and 227 days after the fractures
occurred.
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ANALYTICAL PROCEDURES

The concentrations of pyridinoline and deoxypyridinoline in the hydrolysed urine samples
were determined by high performance liquid
chromatography as described previously'4
except that heptafluorobutyric acid (Pierce,
Cambridge, UK) was used as the ion pair
reagent instead of octanesulphonic acid.'7 The
results were expressed as nmol crosslink per

Table I Excretion of hydroxypyridinium crosslinks (Pyd=pyridinoline; Dpd=
deoxypyridinoline) in urine from patients with osteoporosis compared with healthy controls.
Values are mean (SD) expressed relative to creatinine
Mean age Mean (SD) concentration
Group
Plyd/Dpd
of patients

(nmollmmol creatinine)

(range)
(years)

Severe osteoporosis with fracture (n=30)
Osteoporosis without fracture (n=20)
Healthy control subjects (n=27)

Pyd

82
(69-92)
86
(71-99)
78

(70-90)

ratio

Dpd

1726 (947)

393 (21-5)

99-2 (57 0)

24-3 (11-0)

44 5 (10-6)

10-2 (2-5)

45 (1-0)
4 0 (0-9)

4 5 (0-8)

mmol creatinine, the latter being measured in
aliquots of unhydrolysed urine.20
The statistical significance of differences
between the patient groups and control subjects
was determined by Student's t test using the
Minitab program.
Results
The figure gives the values of pyridinoline and
deoxypyridinoline excretion relative to creatinine
for patients with femoral fractures or osteoporosis compared with those for the control subjects
matched for age. The patients with fractures
showed significantly higher excretion of pyridinoline (p<0001) and deoxypyridinoline
(p<0-01) than the group without recent fractures. The excretion of crosslinks was also
significantly higher in the patients with fractures
(p<0z001) and osteoporosis (p<005) compared
with the control subjects (table 1). The molar
ratio pyridinoline/deoxypyridinoline was not
significantly different between the three groups.
Within the fracture group there was no
significant difference in the excretion of
pyridinium crosslinks or the pyridinoline/
deoxypyridinoline ratio of crosslinks between
the patients who had or did not have an
operation (table 2).
Table 3 shows that the excretion of pyridinium
crosslinks in patients with accidental bone
fractures was significantly higher (p<0-001)
than that for the healthy control group matched
for age. There was no significant difference in
the pyridinoline/deoxypyridinoline ratio in
urine between the accidental fracture group and
the control subjects (table 3).

Group 1 Severe osteoporosis/femoral fracture
Group 2 Osteoporosis/previous fractures
Group 3 Age matched controls
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Group 3
Group 2
Group 1
Group 2
Group 1
Values for the urinary excretion of the pi'ridinium crosslinks, (A) pyridinoline and (B) deoxypyridinoline, relative to creatinine
for subjects in two groups of osteoporotic patients compared with control subjects matched for age. The solid and broken lines
indicate mean and median values, respectively. For further details see under Patients and methods.

Group 3
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The second group was 63 control subjects
(aged 21-40 years) with no fractures. One or
two spot urine samples were collected from each
subject and were stored at -20°C until analysis.
Most of the urine specimens in this study
were collected as first morning samples. A
detailed investigation of diurnal variations has
shown that in healthy volunteers and patients
the crosslink concentrations in the morning are
10-15% higher than the 24 hour mean value
expressed relative to creatinine (McLaren et al,
unpublished results).
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PlydlDpd
ratio

Mean (SD) concentration
(nmollmmol creatinine)

Group
of patients
Patients with an operation (n=15)
Patients without an operation (n= 12)

Pyd

Dpd

172-1 (111-3)
173-2 (672)

38-4(25-6)
407 (14-3)

4 5 (1 0)
4-3 (1-0)

Table 3 Excretion of hydroxypyridinium crosslinks (Pyd=pyridinoline; Dpd=
deoxypyridinoline) in urine from patients with accidental bone fractures compared with
healthy control subjects matched for age and sex
Group
of patients

Mean age
(years)
(range)

Patients with accidental bone fracture (n= 15)

30 7
(2049)
31-4
(2140)

Healthy control subjects (n=63)

Mean (SD) concentration
(nmollmmol creatinine)

l'ydlDpd
ratio

Pyd

Dpd

89-3 (20 5)

22-8 (4-0)

3 9 (1-2)

22-9 (9 9)

6 59(3-4)

3-8 (1-3)

Discussion
This study has shown large increases in the
concentrations of pyridinoline and deoxypyridinoline in urine samples from patients with
osteoporosis and osteoporotic fractures, which
is indicative of increased rates of bone resorption. The fact that there was, however, no
difference in the molar ratio, pyridinoline/
deoxypyridinoline, between the patient groups
supports the view that the major part of the
crosslinks in urine are derived from bone. This
ratio was also similar to the pyridinoline/
deoxypyridinoline ratio in bone collagen,2' which
is usually in the range three to four. Although
pyridinoline is present in other tissues such as
cartilage and tendon, these tissues apparently
contribute little to the excretion of pyridinoline,
probably because of the low turnover rates
under normal conditions. In patients with active
rheumatoid arthritis, a significant increase in
the pyridinoline/deoxypyridinoline ratio compared with control subjects was noted, but
this may be associated with a rapid turnover of
synovial tissue which contains pyridinoline.'7
Alterations in the pyridinoline/deoxypyridinoline ratio could also arise from changes in the
relative concentrations of these components in
bone, such as those that may occur in high
turnover bone disease. 19
In the patients with femoral neck fractures, a
considerable proportion of the increased excretion of crosslinks in urine samples appeared to
result from the fracture, as values for this group
were significantly higher than those for the group
without recent fracture. There was, however,
considerable discrimination between the latter
group and the control subjects matched for age,
with about a twofold difference in the median
values.
Patients with accidental fractures also had
increased concentrations of pyridinium crosslinks in their urine, although there is at present
no evidence that the mechanisms inducing
increased bone resorption are the same in the
two groups. Studies of the relative rates of bone
formation and resorption in these patient groups
would help to resolve this question and would

provide a measure of net bone loss. Increases in
bone formation associated with bone remodelling
after fracture have been determined using
osteocalcin in serum samples,22 for which the
values continued to increase up to two months
after fracture. A study of patients undergoing
orthopaedic surgery suggested, however, that
initially osteocalcin in serum samples decreased
after the operation.23 For femoral fractures,
alkaline phosphatase levels in serum samples
were shown to be increased after two weeks, but
returned to normal within six to 12 months after
fracture.24 25
The increased resorption of bone observed in
patients with bone fractures may simply be
associated with callus formation and the repair
process. Alternatively, the fracture may release
humoral factors which lead to a more generalised
increase in bone turnover. Although much of
the evidence for such factors has come mainly
from patients with head and spinal injuries, and
could therefore be of neural origin,26 recent
animal experiments suggest that induced fractures cause generalised changes in bone metabolism, indicating the production of one or
more circulating factors.27 If this were so in
patients with fractures, part of the increase in
markers of bone resorption could be explained
as a general skeletal response rather than being
derived solely from the repair process.
Large differences in the amounts of crosslinks
excreted within the patient groups were
observed. Although it was shown that
operations can be excluded, the variation might
have been because the urine samples were
collected at different stages of osteoporosis or
different times after fracture. There was a trend
that excretion increased with time after fracture,
but the data from this study were not sufficient
for analysis of the time effect. Increased concentrations of pyridinium crosslinks in urine
were observed in patients up to eight weeks
after discetomy operations, which was probably
due to increased bone turnover after fracture
during the operation (Ettel, McLaren, Seibel
and Robins, unpublished results). A similar
time dependent repair process might have
occurred for these patients.
This study shows that measurements of the
pyridinium crosslinks provide sensitive indices
of bone resorption and that pyridinoline and
deoxypyridinoline in urine are generally derived
from bone. These assays therefore appear to
have potential as part of a programme for
monitoring bone loss and assessing the risk of
fracture. Any such programme should, of
course, also include measurements of the bone
formation rate to allow distinctions to be drawn
between situations where there is balanced high
turnover and those where a net loss of bone
occurs. The results also show that fractures
have a marked and prolonged effect on the
excretion of crosslinks which must be taken into
account in the clinical application of these
methods.
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Table 2 Excretion of hydroxypyrdinium crosslinks (Pyd=pyridinoline; Dpd
deoxypyridinoline) in urine from patients with recent femoral fractures who had had an
operation compared with those without an operation. Values are mean (SD) expressed
relative to creatinine
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