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Abstract
Background: Biochemical markers of bone turnover
have been reported to predict fracture risk independent
of bone mass in postmenopausal women. We investi-
gated their use in predicting fractures in the frail elderly.
Methods: Cases were 151 low trauma fractures. For each
case, a control was selected marched for sex, age, insti-
tution type and follow-up period.Wemeasured two bone
resorption markers (serum ICTP and serum CTX-I) and
two bone formation markers (serum PINP and serum
BAP). Quantitative Ultrasound (QUS) was measured in
the calcaneus. Fractures were ascertained by x-ray re-
ports.
Results: The mean age of subjects was 86.8 years (± 5.8
SD) and 86%were female. 76% had hypovitaminosis D (a
serum 25 hydroxy vitamin D (25OHD) level < 39 nmol/
L) and 81% had BUA<67.4 dB/MHz (corresponding to
a BMD T-score < )2.5). No significant differences in
bone turnover markers were detected between fracture
cases and their matched controls. In contrast, there was a
significant difference between cases and controls for both
broadband ultrasound attenuation (BUA) and velocity
of sound (VOS) (both P< 0.05). These results remained
the same after adjusting for weight, lower leg length and
walking aids as well as the higher falls incidence in cases
than controls (average 2.7 vs 0.9 falls respectively; P <
0.001) during the follow-up period.
Conclusion: In the frail elderly with vitamin D deficiency
and high falls risk, calcaneal ultrasound but not markers
of bone turnover were associated with fractures.

Key words: Bone formation markers — Bone resorp-
tion markers — Elderly — Fractures — Osteoporosis —
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Accurate assessment of fracture risk is the key step in
identifying patients at ‘‘high risk’’ for osteoporosis. It is
increasingly recognised that besides bone mineral den-
sity (BMD), other bone related variables, such as the

rate of bone turnover, determine fracture susceptibility.
In this context, it has been hypothesised that accelerated
bone remodelling leads to a disruption of the trabecular
bone network over time and, hence, to an increase in
bone fragility.

Several independent studies have shown that in wo-
men and men, elevated levels of bone resorption mark-
ers are associated with an increased risk of vertebral and
non-vertebral fractures independently of BMD [1�8].
For example, a rise in urinary deoxypyridinoline
(a marker of bone resorption) by one standard deviation
above the premenopausal mean has been associated with
a two fold increase in hip fracture risk [1, 2, 8]. Impor-
tantly, the combined measurement of bone density and
bone resorption markers is a stronger predictor of future
fractures than the determination of one of these vari-
ables alone [2, 6]. Due to the high degree of variability in
bone markers, these results are difficult to translate into
the clinical setting facing the individual patient. There-
fore, risk factors such as personal and maternal fracture
history, low body weight and low bone mass are pres-
ently considered more feasible for the practical assess-
ment of fracture risk than bone markers. However, if
assessment of these risk factors gives equivocal results,
measurement of bone turnover may be used to improve
the estimate of future fracture risk.

Since vitamin D deficiency and the resulting second-
ary hyperparathyroidism are associated with distur-
bances of bone turnover, we examined whether the
association of markers of bone turnover with incident
fracture was altered in a population of predominantly
vitamin D deficient elderly subjects.

Methods

Subjects

This paper reports a case-control study of 151 pairs of older
people living in residential care facilities (RCF). The partici-
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pants were a part of the ongoing Fracture Risk Epidemiology
in the frail Elderly (FREE) Study in Sydney, Australia [9, 10].
All subjects gave informed consent or, if unable, their next of
kin gave proxy consent. Ethics approval was given by the local
institutional Human Research Ethics Committee. Cases were
defined as the first 151 respondents who had sustained a low
trauma fracture and in whom serum samples were available.
Fracture data were collected by the research staff through
regular liaison (every 6�12 weeks) with the residential care
facilities and the five public hospitals and one private hospital.
Prospective falls were ascertained from incident reports and
nursing records and were defined as events that resulted in a
person coming to rest unintentionally on the ground or other
lower level, not as the result of a major intrinsic event or an
overwhelming hazard [11]. The cases were validated by x-ray
reports. The diagnosis of clinical vertebral fractures required
subjects to have radiological evidence of vertebral fracture in
association with acute back pain at a corresponding level (but
a previous normal x-ray at that vertebral level was not re-
quired). Duration of follow-up for cases was calculated as the
time from baseline to date of fracture. For each case, a control
was selected marched for sex, age and institution type but with
no incident fracture during a similar follow-up period. Clinical
risk factors assessed at baseline included age, sex, type of RCF,
use of walking aids, weight, lower leg length (an index of
mature skeletal stature) and medications.

Biochemical Markers of Bone Turnover

At the baseline assessment, blood samples were collected in the
late morning (non fasting) as it was impractical to collect
fasting specimens in this cohort. All samples were stored at
)40�C and analysed at the same time. Measurements for all of
the following bone turnover markers were done only in the
cases and their matched controls.

Serum concentrations of the carboxyterminal cross-linked
telopeptide of type I collagen (ICTP) were measured by
radioimmunoassay (Orion Diagnostica, Finland). This assay
has a sensitivity of approximately 0.7 mg/L with an intra-assay
precision of approximately 5.3% and an inter-assay precision
of 7.6%. In healthy subjects aged 18�63, the manufacturer’s
reference range is 1.4�5.2 lg/L for males and 1.6�5.3 lg/L
for females.

Serum levels of the carboxyterminal telopeptide of type I
collagen (CTX-I) were determined using an automated
immunoassay (Elecsys 170 Roche Diagnostics). For the
immunoassay, intra-assay precision was approximately 2.0%.
The upper limit of the manufacturer’s reference range (calcu-
lated as mean ± 2SD) was 0.394 ± 0.460 ng/mL for normal
adult males aged > 70 years and 0.556 ± 0.452 ng/mL for
postmenopausal females.

Serum concentrations of the aminoterminal propeptide of
type I procollagen (PINP) were determined using a specific
mono-clonal antibody based radioimmunoassay (Orion Diag-
nostica, Finland). This assay has a sensitivity of approximately
2 mg/L with an intra-assay precision of 8.7% and an inter-assay
precision of 5.1%. In healthy subjects aged 19�65, the manu-
facturer’s reference range is 21�78 lg/L for males and
19�102 lg/L for females.

Bone specific alkaline phosphatase (BAP) in serum was
measured using a specific enzyme-immuno assay (Quidel
Corp., USA) with a sensitivity of 0.7 U/L and an intra-assay
and inter-assay precision of 5.8% and 7.6% respectively. The
reference ranges are 15.0�41.3 U/L for normal male adults
and 14.2�42.7 U/L for postmenopausal females.

Other Clinical Chemistry Measurements

Serum levels of 25-hydroxyvitamin D (25OHD) were measured
using a radio immunoassay (Diasorin, USA). Sensitivity was
measured at 4 nmol/L, intra-assay precision 7.6% and inter-
assay precision 9.0%, with a laboratory reference range of
39�140 nmol/L.

Serum levels of intact parathyroid hormone (PTH) were
determined by two-site chemiluminescent enzyme-linked im-
munometric assay on a DPC Immulite 1000 analyser. The
assay has an intra-assay precision of 5.5% and an inter-assay
precision of 7.9%. The reference range is 23.7�66.2 pg/mL
(2.5�7.0 pmol/L).

A modified Jaffé (picric acid) kinetic colorimetric assay was
used to measure serum creatinine with a normal range in males
of 70�110 mmol/L and in females 50�90 mmol/L, manufac-
turer’s precision of 0.7% intra-assay and 2.3% inter-assay and
a measured inter-assay CV of 3.0%. Creatinine clearance was
calculated using the Cockcroft-Gault formula [12]. Only 131
subjects had creatinine results.

Quantitative Ultrasound

Broadband ultrasound attenuation (BUA) and velocity of
sound (VOS) were measured in the calcaneus using a McCue
Cuba II machine [10]. The precision with this machine was
3.1% for BUA and 0.3% for VOS [13]. Two left heel mea-
surements with repositioning were obtained. We also calcu-
lated what BUA value using the McCue Cuba II corresponded
to a BMD T-score of )2.5 measured by dual energy X-ray
absorptiometry, using BMD and BUA data in a cohort of
young normal females previously reported [14].

Statistical Analysis

Paired-sample t tests or Wilcoxon signed rank tests were used,
as appropriate, to determine whether there were any differ-
ences between matched cases and controls in ICPT, CTX,
PINP, BAP, 25OHD, PTH, BUA and VOS. The relationship
between bone turnover markers or QUS parameters and
fracture were adjusted for variables that were statistically sig-
nificant (P< 0.05) or were an actual confounder (i.e. changed
the effect of the variable under investigation by more than
10%) using conditional logistic regression. The effect of falls on
these relationships was determined by adding falls into these
models, categorised as 0, 1, or ‡ 2. Variables with positively
skewed distributions, such as bone turnover markers and PTH,
were transformed by natural logarithms in the regression
analyses. Analyses were performed for all subjects combined
and separately for females, but not for males, as there were
only 23 pairs of male. Spearman’s rank correlation was used to
estimate associations between bone markers and other vari-
ables.

Results

All 151 cases of fractures occurred within two years
from baseline (mean 282 days, SD 197 days, range 1 to
730 days) (Table 1). There was a little difference in
duration of follow-up between a case and their matched
control with a median difference of 5 days (inter-quartile
range of 1 to 14 days). Fractures comprised 50 hip
fractures, 27 clinical vertebral fractures, 15 wrist frac-
tures, 14 pelvic fractures, 12 rib fractures, 11 humeral
fractures and 22 ‘other site’ fractures.

Cases and controls were institutionalised elderly
subjects with a mean (± SD) age of 86.8 (± 5.8) years.
The majority (86%) of the subjects were female, 67%
were frail (as defined by the use of a walking aid) and
35% lived in nursing homes. Baseline characteristics of
cases and controls are shown in Table 1. In the follow-
up period, cases were much more likely to sustain falls
than controls (93% vs 36%, P< 0.001) with an average
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of 2.7 vs 0.9 falls respectively, indicating a strong asso-
ciation between falls and fractures in this population.
85% of total fractures and 94% of hip fractures were
associated with a fall.

Table 2 presents results of biochemical measures and
QUS parameters by fracture status. 76% of all subjects
were considered to have hypovitaminosis D (using a cut-
off of 39 nmol/L) and 47% had PTH levels above the
laboratory reference (>66.2 pg/mL). For 131 subjects
who had serum creatinine measurements, 56% had a
creatinine clearance between 30�60 ml/min and 32%
were £ 30 ml/min. The above results were consistent in
both cases and controls. All the bone turnover markers
were significantly positively correlated with age and
PTH and negatively correlated with BUA (data not
shown).

Table 2 also contains the mean differences between
matched pairs and 95% confidence interval for bone
turnover markers, serum PTH, 25OHD, creatinine and
QUS parameters. There were no significant differences
between matched cases and controls in bone turnover
markers (all P > 0.65), 25OHD (P = 0.77), PTH
(P = 0.77) or creatinine clearance (P = 0.17). These
results were the same for those with hip fracture. The
difference between hip fracture cases and their matched
controls was 3.2 lg/L (95% CI: )8.8 to 15.3; P = 0.62)
for PINP, )2.3 U/L (95% CI: )8.8 to 4.2; P = 0.51)
for BAP, )0.6 lg/L (95% CI: )3.1 to 1.9; P = 0.85) for
ICTP, 0.02 ng/mL (95% CI: )0.12 to 0.16; P = 0.61)

for CTX, )19.7 pg/mL (95% CI: )54.6 to 15.3;
P = 0.99) for PTH, and )1.8 ml/min (95%CI: )10.8 to
7.2; P = 0.43) for creatinine clearance.

In contrast, significant differences between matched
cases and controls were shown for BUA and VOS for
total fractures, but not for hip fractures. BUA was on
average 5.7 dB/MHz (95% CI: 1.7 to 9.8; P = 0.006)
and 3.5 dB/MHz (95% CI: )3.6 to 10.6; P = 0.33) lower
in cases than in their matched controls for all fractures
and hip fracture respectively. For VOS, the difference
between cases and their matched controls were )10 m/s
(95% CI: )1 to )19; P = 0.03) for all fractures and
)4 m/s (95% CI: )19 to 10; P = 0.58) for hip fracture.
In 81% of all subjects, BUA was less than 67.4 dB/MHz
(the value corresponding to a BMD T-score of )2.5 of
young healthy females). However, only 75% of controls
had a BUA value below 67.4 dB/MHz compared to 88%
of cases. This difference was also statistically significant
(P = 0.005).

Table 3 shows the results of conditional logistic
regression analyses for bone turnover markers and QUS
parameters with all fractures as the outcome variable. In
multivariate regression analyses, weight and lower leg
length were identified as independently significant risk
factors and use of walking aids was a confounder, al-
though it was not a significant risk factor. Other vari-
ables, such as 25OHD, PTH, creatinine clearance and
number of medications were neither significant nor
confounding. Falls were an extremely important pre-

Table 1. Characteristics of study population

Mean (SD) or number (%) Total (n = 302) Case (n = 151) Control (n = 151) Significance

Time to fracture or duration of follow-up (days)* 287 (200) 282 (197) 292 (203)
Age (year)* 86.8 (5.8) 86.9 (6.0) 86.7 (5.5)
Sex*
Male 42 (14%) 21 (14%) 21 (14%)
Female 260 (86%) 130 (86%) 130 (86%)

Institution*
Intermediate care 196 (65%) 98 (65%) 98 (65%)
Nursing home 106 (35%) 53 (35%) 53 (35%)

Mobility#

Walks unaided 100 (33%) 49 (33%) 51 (34%) P = 0.26
Uses a stick 76 (25%) 38 (25%) 38 (25%)
Uses a frame 98 (33%) 54 (36%) 44 (29%)
Wheelchair 27 (9%) 9 (6%) 18 (12%)

Weight (kg) 57.9 (11.9) 56.0 (11.0) 59.9 (12.5) P = 0.006
Lower leg length (cm) 50.1 (2.6) 50.3 (2.7) 50.0 (2.4) P = 0.26
No. of medications
0�6 154 (51%) 74 (49%) 80 (53%) P = 0.49
‡6 148 (49%) 77 (51%) 71 (47%)

No. of falls
0 107 (35%) 11 (7%) 96 (64%) P < 0.001
1 93 (31%) 70 (46%) 23 (15%)
‡2 102 (34%) 70 (46%) 32 (21%)
Mean 1.8 (2.75) 2.7 (3.17) 0.9 (1.87)

* Matching variables (significant not tested)
# Mobility missing for one case of hip fracture
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dictor of fractures in all models (see Table 3). After
allowing for falls, weight was no longer significant
(P = 0.55) but lower leg length and use of walking aids
were significant independent risk factors (last column,
Table 3). However, falls were neither significant nor
confounding when falls that occurred on the date of
fracture were excluded. No significant interactions were
found between bone turnover markers or QUS param-
eters and factors, such as sex, age, creatinine clearance
and falls. The results from the analyses of females and of
hip fractures were similar to those in Table 3, with
higher P values because of reduced sample size.

Discussion

We have found in the frail elderly with vitamin D defi-
ciency, calcaneal ultrasound but not markers of bone
turnover were associated with fractures. Quantitative
ultrasound of the calcaneus has been shown to predict
fracture in other studies [15, 16]. The lack of ability of
biochemical markers to discriminate fractures cases
from controls may be because in this vitamin deficient
population, falls risk plays a dominant role in determi-

nating fracture incidence. We observed that falls were an
extremely important risk factor for fractures and falls
incidences were much higher in cases than in controls
during the follow-up period. Also, the high degree of
variability in markers of bone turnover would reduce
the power of detecting a significant difference between
cases and controls. Less variability in QUS measures
than in bone markers might explain why QUS param-
eters are the only positive finding.

Most studies of the relationship between markers of
bone turnover and fracture have been performed in
postmenopausal women who have generally been more
vitamin D replete than our population. For example in
the OFELY study, the mean serum 25OHD was 79
nmol/l in the fracture cases [3]. In a study of 178 elderly
women (all aged >75) who had sustained fractures [4]
only 26% had serum 25OHD levels below 30 ng/ml
(personal communication). However in the EPIDOS
study, mean serum 25OHD values were only 40 nmol/L
in the fracture cases [2].

The frail elderly with vitamin D deficiency are con-
sidered to be at high risk of falling [17, 18]. Vitamin D
deficiency is thought to be a contributing factor for falls

Table 2. Bone markers, clinical biochemistry measures and QUS parameters by fracture status

Median (Min. � Max.) or
Mean (SD) All controls n = 151 All cases n = 151

Mean difference
(case minus matched control)
(95% confidence interval)@ P value

PINP (lg/L) 51.4 (7.4�116.6) 55.3 (15.1�267.9) 1.3 ()5.7 to 8.4) 1.00*

BAP (U/L) 24.8 (5.9�123.6) 26.6 (11.2�90.5) )0.1 ()3.6 to 3.4) 0.97*

ICTP (lg /L) 6.8 (3.1�36.6) 6.7 (3.1�36.4) )0.2 ()1.3 to 0.9) 0.94*

CTX-I (ng/mL)# 0.28 (0.06�1.21) 0.30 (0.05�1.52) 0.01 ()0.05 to 0.08) 0.69*

25OHD (nmol/L) 29.1 (16.4) 28.7 (16.5) )0.5 ()4.1 to 3.1) 0.77@

PTH (pg/mL) 60 (13�663) 64 (5�440) )3.4 ()19.9 to 13.1) 0.77*

Creatinine clearance (ml/min) 39.3 (18.4�73.6) 35.6 (15.7�90.8) )3.1 ()8.2 to 1.9) 0.17*

BUA (dB/MHz) 51.7 (21.3) 46.1 (18.2) )5.7 ()9.8 to )1.7) 0.006@

VOS (m/s) 1570 (48) 1560 (44) )10 ()19 to )1) 0.03@

# Only 92 matched pairs
@ Paired-sample t test
* Wilcoxon signed rank test

Table 3. Conditional logistic regression analyses of fractures on markers of bone turnover and QUS parameters

Model for:
Univariate analysis:
OR (95% CI) P

Multivariate analysis:
(adjusted for weight, lower
leg length and walking aids)
OR (95% CI) P

Multivariate analysis:
(adjusted for lower leg
length, walking aids and falls)
OR (95% CI) P

Log PINP 1.07 (0.67�1.72) 0.77 0.95 (0.54�1.66) 0.86 0.86 (0.40�1.84) 0.70
Log BAP 1.10 (0.65�1.88) 0.71 0.89 (0.45�1.75) 0.74 1.15 (0.47�2.81) 0.76
Log ICTP 0.97 (0.58�1.63) 0.92 0.80 (0.41�1.54) 0.50 0.95 (0.43�2.11) 0.91
Log CTX 1.19 (0.75�1.90) 0.45 1.02 (0.57�1.82) 0.95 1.04 (0.51�2.13) 0.92
BUA (10 dB/MHz) 0.83 (0.72�0.95) 0.008 0.83 (0.69�1.00) 0.05 0.69 (0.52�0.92) 0.01
VOS (100 m/s) 0.51 (0.27�0.94) 0.03 0.44 (0.21�0.94) 0.04 0.27 (0.08�0.95) 0.04

NB: Falls were an extremely important predictor of fractures (P < 0.001). For example, in the BUA model, the OR was 69.77
(95% CI: 12.97 to 375.30) for one fall vs. zero falls and 77.36 (95% CI: 14.20 to 421.53) for more than one fall vs. zero fall.
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risk via effects on neuromuscular function [18�21].
Some studies have demonstrated the association be-
tween vitamin D deficiency and muscle weakness and
abnormal gait [19, 22]; others have shown an improve-
ment in muscle strength, walking distance and func-
tional ability after supplementation with vitamin D
therapy in the frail elderly [22�24]. On the other hand,
severe immobility reduces exposure to falling and pro-
duces a lower impact of the fall (i.e. falling from a chair
rather than from an upright position), but contributes to
the state of accelerated bone turnover in the elderly [25].
Increased fracture risk due to elevated levels of bone
turnover markers would likely be masked by high and
uneven fall incidences in this population.

Vitamin D deficiency results in a reduction in serum
calcium and stimulation of the parathyroid gland to
release PTH which acts to increase circulating calcium
levels by increasing renal reabsorption of calcium in the
kidney, increasing absorption of calcium from the
intestine, and in bone increasing bone resorption. PTH-
driven increased bone resorption may be a confounding
factor in the present cohort. PTH levels have been
positively correlated with bone turnover in other studies
[3]. Recently Sahota et al. [26] examined bone turnover
markers in 421 women with vertebral fractures of whom
39% had low vitamin D levels. They identified increased
bone turnover in those with elevated PTH and our re-
sults are consistent with this finding.

This study has several strengths and limitations. It is
unlikely our study is underpowered for observing a
clinically meaningful effect of bone markers on fracture.
Our cohort comprised 151 fractures in total and 50 hip
fractures. An effect of bone markers was seen in the
Rotterdam study with 17 fracture cases [8], in the OF-
ELY study with 55 fracture cases [3] and in Malmo in
178 fractures cases [4] and in Dubbo with 50 fracture
cases [5]. Our samples were non fasting, but they were
taken at a relatively standard time of day. Although
serum CTX is affected by food, we also measured serum
ICTP which is little affected by food intake, as are PINP
and BAP. Moreover serum ICTP, BAP and PINP show
diurnal amplitudes of less than 20%. In clinical practice,
obtaining fasting samples in the frail elderly is likely to
be difficult so in this sense our results represent the ‘real
world’.

In conclusion, the rate of bone turnover was not
associated with fractures in frail older people living in
residential care with a high prevalence of vitamin D
deficiency. Bone turnover markers may not be useful to
determine the risk of fracture in elderly populations with
vitamin D deficiency and high falls risk.
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