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Abstract. A number of recent studies have suggested
that non-invasive measures of bone turnover are associ-
ated with bone loss at the forearm in postmenopausal
women. Whether bone turnover markers are predictive
of bone loss from the clinically important sites of lumbar
spine and femoral neck remain unclear, and was the aim
of this 4-year prospective study. One hundred and forty-
one normal, postmenopausal women (mean age 52.0 *
3.3 years, mean menopause duration 20.4 *+ 5.7
months) were recruited for the study in 1988. Fasting
early morning samples of blood and urine were col-
lected at the baseline visit and stored at —20 °C prior to
analysis. Serum was assayed for osteocalcin, oestradiol,
oestrone, oestrone sulphate, testosterone, sex hormone
binding globulin, dehydroepiandrosterone sulphate and
total alkaline phosphatase. Urine was assayed for
calcium, hydroxyproline, oestrone glucuronide and the
collagen cross-links pyridinoline and deoxypyridinoline
using high-performance liquid chromatography. Bone
density was measured at the lumbar spine and femoral
neck using dual photon absorptiometry at time 0, 12, 24
and 48 months. The mean annual percentage change in
bone density (SE) was —1.41% (0.18) at the lumbar
spine and —0.86% (0.22) at the femoral neck. There
was no evidence of bimodality or a fast loser subgroup
as the rates of change were normally distributed. Both
simple and multiple stepwise regression analyses
revealed no significant correlation between the rates of
change in bone density with any biochemical marker,
either individually or in combination, despite the study
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having sufficient power (80%) to detect a correlation of
0.5 between any biochemical marker levels and bone
loss. We conclude that single measurements of these
markers of bone turnover and endogenous sex
hormones appear unlikely to be clinically useful in
predicting early postmenopausal bone loss from either
the spine or the hip.
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Introduction

Bone mineral density (BMD) in later life is one of the
major risk factors for osteoporotic fracture [1-3]. Bone
mass is determined by both the peak value achieved
during skeletal growth and subsequent loss, which is
related both to age and to the menopause, as well as to
other factors [4]. Postmenopausal bone loss is believed
to be related to an overall increase in bone turnover that
peaks between 1 and 3 years after cessation of ovarian
function and slows down over the next 8-10 years — a
pattern that is also illustrated by cross-section studies
after oophorectomy [5]. Markers of bone formation
such as serum osteocalcin, and those of resorption (i.e.
urinary deoxypyridinoline), as well as other markers of
bone turnover, are increased after the menopause and
return to premenopausal levels after treatment with
hormone replacement therapy (HRT) [6,7]. Non-inva-
sive measurements of bone turnover at the time of
menopause have been shown to be useful in identifying
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women who subsequently experienced bone loss at a
high rate at the forearm using single photon absorptio-
metry [8]. This finding has not, however, been con-
firmed at the spine or hip, sites which are of clinical
importance in fracture prediction.

The aim of this study was to examine variations in
bone loss in recently postmenopausal women over an
average 4-year period and to assess whether baseline
markers of bone turnover could be used to predict a
high-risk group.

Materials and Methods
Subjects

One hundred and forty-one Caucasian women who
were aged 45-62 years, within 5 years of the menopause
and not on HRT, were examined prospectively for bone
loss over a 4-year period. The women were normal
volunteers who were participating in an ovarian cancer
screening programme in 1988 and were selected on the
basis of recent menopausal status, an intact uterus and
non-HRT use. Menopausal status was confirmed by the
absence of menstruation for more than 12 months. No
women were taking HRT prior to the study onset but if
hormonal treatment was initiated during the study
period, results were included up to that time point. No
women received concurrent treatment with medication
known to affect bone metabolism such as steroids,
calcium or vitamin D. All women gave informed con-
sent to participate in the study and the protocol was
approved by the local research ethics committee.

Bone Density Measurement

Consecutive BMD measurements were taken annually
at the lumbar spine and left hip using a gadolinium-153
based Novo-BMC Lab 22a dual photon absorptiometer
with peaks at 44 keV and 100 keV. Measurements were
made at baseline, 12, 24 and 48 months. During the 4-
year study period four radioactive sources were used
and an aluminium spine phantom was used to monitor
quality control over the duration of the study. An
upward drift of +0.34% per annum was observed in the
mean BMD of the phantom over the duration of the
study, although this was probably artifactual and associ-
ated with the long-term precision error of the dual
photon absorptiometry (DPA) scanning mode. Short-
term reproducibility as assessed on 25 healthy, female
volunteers who had repeat measures within 3 weeks was
0.8% at the spine and 1.6% at the hip [9]. Long-term
precision of DPA over the 4-year study was calculated
using the mean of the standard errors of the estimate for
individual regression analyses of bone density against
time [10]. These were found to be 3.92% at the spine
and 4.69% at the hip.
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Biochemical Markers

Serum and urine samples were collected between 0900
and 1600 hours after an overnight fast, spun immedi-
ately and stored at —20 °C prior to analysis. Serum
osteocalcin was measured using the Osteo-PR RIA kit
(Cis UK); inter- and intra-assay variations were less
than 10%. Serum total alkaline phosphatase was mea-
sured using routine methods with a SMAC III analyser;
inter-assay variation was 0.9-1.8%. Serum oestradiol
was measured by direct assa us1ng a commercial kit
(Diagnostic Products) with *I-oestradiol tracer and
double antibody separation system with a lower detec-
tion limit of 20 pmol/l. Oestrone and oestrone sulphate
were measured by radioimmunoassay following diethyl
ether extraction and separation by column chromatog-
raphy on Sephadex LH 20 as previously described [11].
Radioimmunoassay using standard techniques was also
used to measure serum sex hormone binding globulin
(SHBG), dehydroepiandrosterone sulphate (DHEAS)
and testosterone [12]. The inter- and intra-assay vari-
ation for these assays varied between 8% and 12%.
Urine samples were analysed for calcium on a RA 1000
discrete analyser (inter-assay variation 1.8-3.5%) and
hydroxyproline with a multistep assay involving a
standard chloramine T reaction and alkaline/organic
extraction and subsequent spectrophotometric analysis
at 550 nm [13]; the inter- and intra-assay variation were
less than 15%. Urinary collagen cross-links were
assayed using ion-pair reversed-phase high-perfor-
mance liquid chromatography (HPLC) in the presence
of 1-octanesulphonic acid (OSA) [14]. Inter- and intra-
assay variations were less than 10% for both pyridino-
line and deoxypyridinoline. This assay was validated
against standard gradient systems [15], and correlations
of 0.95 (pyridinoline) and 0.92 (deoxypyridinoline)
were observed between the two techniques in 27 normal
women. Urinary oestrone glucuronide was measured in
diluted urine by radioimmunoassay and expressed
relative to creatinine content [16]. Intra- and inter-assay
coefficients of variation for this assay were 3.5% and
6.2% respectively.

Statistical Analysis

In calculating the rate of change in BMD it was assumed
that the expected change in BMD is linear with time for
each subject with variation in slopes and intercepts from
subject to subject, and that the deviations of the
measured BMD for a subject from the expected BMD
have a zero mean and constant variance and are uncor-
related. Under these assumptions a linear regression
equation, where BMD is a dependent variable
expressed as a linear function with time (in years), was
fitted for individual subjects. Under this model, the
annual percentage change in BMD for each subject was
then derived by dividing the regression slope by the
intercept at time zero. Rates of change in BMD were
calculated using separate models where the initial BMD
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was either included or excluded from the slope calcu-
lation. Preliminary analysis suggested that biochemical
marker values were not normally distributed. For sub-
sequent analysis natural logarithmic transformation was
required to normalize the data. We assessed the
relationships between biochemical markers and rate of
change in two ways. First, bivariate correlation analysis
(Pearson’s product moment correlation coefficient) was
used to describe the association between the baseline
value of each of the biochemical parameters and the
annual percentage bone loss. Second, since these vari-
ables were likely to be correlated, and in order to search
for a set of biochemical variables with maximum
discriminatory power, we used the stepwise and
backward algorithms to evaluate the significance of all
the biochemical markers simultaneously. Multiple
linear regression analysis was used to model the rela-
tionship between this set of variables and the rate of
bone loss. Estimation and hypothesis testing based on
this “final model” was done by the least squares method
via the STATA statistical program.

Rates of change in BMD at the spine and hip, and
individual biochemical levels, were subdivided into
quartiles. The sensitivity and specificity of the markers
for prediction of loss was assessed by the relationship
between the lowest quartile of rate of BMD change (i.e.
rapid loss) and highest quartile of marker level (i.e. high
bone turnover).

Results

One hundred and forty-one women fulfilled the study
entry criteria and participated in the study. A majority
of these women (123, or 87%) did not start HRT during
the 4-year period. The majority of women starting HRT
did so within the first year of the study for menopausal
symptom-relief, and bone density data were available
only at baseline. Women who had two or more BMD
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Table 1. Mean baseline characteristics of 123 women (SD)
Variable Mean (SD)
Age (years) 523 (3.2)
Menopause age (years) 50.7 (3.2)
Menopause duration (months) 204 (5.7)
Height (m) 1.63 (0.06)
Weight (kg) 66.9 (11.3)
BMI (kg/m?) 253 @4.2)
LS BMD (g/cm? 0.80 (0.11)
FN BMD (g/cm?) 0.70 (0.10)
Annual change in LS BMD (%/year) -1.41 (1.93)
Annual change in FN BMD (%/year) -0.86 (2.24)

BMI, body mass index; FN, femoral neck; LS, lumbar spine.

measurements prior to the commencement of HRT
were included in the analysis to reduce the potential bias
that these women may have been subject to increased
rates of bone loss. Data from four completed scans (0,
12, 24, 48 months) were available for 85 women at the
lumbar spine and 75 at the femoral neck. At the lumbar
spine an additional 22 women had only three scans and 7
only two scans, whilst at the femoral neck 21 women had
three scans and 11 had two scans. Descriptive baseline
details of the study population are shown in Tables 1-3.

At both skeletal sites no significant correlation was
found between baseline BMD and demographic vari-
ables such as age, menopause duration, height or
weight. A positive correlation was found, however,
between the baseline BMD measurements at the spine
and hip (r = 0.41, p<0.001). There was no correlation
between baseline BMD and individual biochemical
markers, although spinal BMD at baseline correlated
with DHEAS (r = 0.27, p = 0.02) when age, weight and
menopause duration were fitted into a multiple re-
gression model [9].

The mean annual percentage change in BMD (SE)
for the total group when the initial BMD was included in
the slope calculation was —1.41 (0.18)%/year for the

Table 2. Baseline biochemical markers in study group [mean (SD) unless otherwise stated]

Biochemical marker Mean (SD)
Osteocalcin (ng/ml) 74 (2.4)
Alkaline phosphatase (IU) 789 (22.2)
Calcium/cr (mmol/mol) 450.3 (208.9)
Hydroxyproline/cr (mmol/mol) 104 (9.0)
Pyridinoline/cr (nmol/mmol) 40.9 (12.7)
Deoxypyridinoline (nmol/mmol) 128 (5.1)
Median oestradiol and interquartile range (pmol/1)* 36 (27,76)
Testosterone (nmol/l) 1.8 (0.5)
DHEAS (umol/l) 31 (2.3)
SHBG (nmol/l) 67.1 (26.0)
Median oestrone and interquartile range (pmol/l) 160 (117, 209)
Median oestrone sulphate and interquartile range (pmol/l) 601 (504, 802)
Median oestrone glucuronide and interquartile range (nmol/) 8.7 (59,12.7)

cr, creatinine; DHEAS, dehydroepiandrosterone; SHBG, sex hormone binding globulin.

#n=33 (subjects with reading >20 pmol/l included).
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Table 3. Intercorrelation among biochemical markers and sex hormone measurements

1 2 3 4 5 6 7 8 9 10 11 12 13
1 Osteocalcin 1 024 0.21* 023* 020* 017 -004 -0.15 -007 017 -0.17 -0.15 -0.02
2 Alkaline phosphatase 1 002 006 024* 022 -016 0.06 —-0.02 005 0.09 -0.00 -0.07
3 Urinary Calcium 1 0.17 010 0.21* -0.24* 0.01 0.03 -0.12 -0.02 0.05 -0.12
4 Hydroxyproline 1 0.19* 0.12 0.09 0.11 0.01 0.05 0.05 0.04 -0.03
5 Pyridinoline 1 0.74** 013 -0.02 -0.05 -0.12 0.08 0.07 0.12
6 Deoxypyridinoline 1 -0.06 —-0.02 -0.09 -0.09 -0.02 003 0.16
7 SHBG i 0.10 -0.31** 0.15 0.22* 0.08 0.00
8 Testosterone 1 0.30** 0.15 -0.05 -0.07 -0.23
9 DHEAS 1 ~0.13 0.03 -0.03 -0.08
10 Qestradiol 1 0.05 —-0.05 -0.02
11 Oestrone 1 0.82** 0.23*
12 Oestrone sulphate 1 0.21*

13 Oestrone glucuronide

1

All parameters were logarithmic (natural) transformed. All values were calculated based on a minimum sample size of 97.

*p<0.05; **p<0.001.

lumbar spine and —0.86 (0.22)%/year for the femoral
neck. Rates of change in bone density were normally
distributed at both skeletal sites (Fig. 1), showed a
linear pattern over the 4 years and no evidence of
bimodality. There was no significant correlation
between the loss rates at the two sites (r = 0.13). Similar
results were obtained with the second model when the
initial BMD were excluded from the slope calculation,
although the number of subjects with full results was
reduced (n = 107 at spine, n = 95 at hip) and the error
associated with individual rates of change was
increased.

Linear regression analysis revealed no significant
correlation between annual percentage change in BMD
at the spine or hip and any of the biochemical markers of
bone turnover individually or in combination (Table 4;
Figs 2, 3). Annual percentage change in BMD from the
hip did correlate weakly with baseline BMD at that
skeletal site (r = —0.24, p = 0.05), and a similar but
non-significant trend was observed at the spine (r =
—0.20, p = 0.07). The proportion of variance in rate of
change accounted for by baseline BMD was 8.6% (p =
0.0005) at the lumbar spine and 18.3% (p<0.0001) at
the femoral neck. Addition of data from the 13 bio-
chemical markers and sex hormones to the regression
model increased this proportion of bone loss variance to
11% (spine) and 20% (hip) — a non-significant improve-
ment. This relationship was seen, however, only in the
model where the initial BMD measurements had been
included in the slope calculation. Using BMD measures
from year 2 to year 4 of the study showed no significant
correlation between rate of change and BMD at the
study onset at either the spine (r = —0.13, p = 0.18) or
the femoral neck (r = —0.13, p = 0.23).

The lower quartile values (95% confidence intervals)
for rates of change in BMD were —2.45%/year (—2.69,
—2.17) at the lumbar spine and —1.90%/year (—2.5,
1.53) at the hip. The higher quartile values were
—0.51%/year (—0.71, —0.02) at the spine and 0.00%/
year (—0.29, +0.37). The sensitivity and specificity of
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Fig. 1. Distribution of percentage bone loss over the 4-year study
period at the lumbar spine (a) and femoral neck (b).
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Table 4. Correlation between biochemical markers and annual percentage change in BMD (crude and baseline-adjusted) at the lumbar spine and

femoral neck

Correlation coefficient (p value) with bone loss at:

Lumbear spine

Femoral neck

Crude Adjusted® Crude Adjusted®
Osteocalcin 0.02 (0.84) —0.02 (0.82) —0.03 (0.70) —0.06 (0.51)
Alkaline phosphatase —0.10 (0.24) —0.12 (0.18) —0.16 (0.06) ~0.13 (0.16)
Urinary calcium —0.05 (0.53) —0.04 (0.62) —0.14 (0.12) —0.11 (0.23)
Hydroxyproline 0.15 (0.10) 0.15 (0.10) —0.08 (0.38) —0.04 (0.64)
Pyridinoline 0.07 (0.45) 0.05 (0.53) —0.00 (0.97) —0.00 (0.95)
Deoxypyridinoline 0.03 (0.69) 0.02 (0.79) —0.05 (0.59) ~0.07 (0.47)
Oestradiol 0.10 (0.27) 0.09 (0.34) 0.03 (0.73) 0.06 (0.57)
Oestrone 0.06 (0.47) 0.10 (0.25) —-0.12 (0.17) —0.11 (0.27)
Oestrone sulphate 0.10 (0.28) 0.12 (0.16) ~-0.11 (0.20) —0.05 (0.58)
Oestrone glucuronide 0.18 (0.28) 0.17 (0.007) —0.03 (0.72) —0.10 (0.32)
Testosterone 0.02 (0.83) —0.02 (0.80) 0.08 (0.40) 0.03 (0.73)
SHBG —0.08 (0.36) -0.07 (0.47) 0.02 (0.87) 0.04 (0.65)
DHEAS 0.15 (0.10) 0.14 (0.12) 0.11 (0.22) 0.06 (0.50)

# Adjusted for baseline BMD.

the assays for predicting loss was poor at both the spine
and the hip (sensitivity 33-58%, specificity 50-72%).

Discussion

Women who experience accelerated bone loss after the
menopause may be at increased risk of subsequent
osteoporotic fracture because of either lower bone mass
or disorganization of skeletal microarchitecture [17].
Identification of these women at the time of menopause
would allow targeting of preventive treatment to retard
or reverse this loss, thereby reducing the risk of future
fracture. To test whether biochemical markers are
predictive of early postmenopausal bone loss we have
studied longitudinally a group of 141 early postmeno-
pausal women for an average of 4 years.

We found that the annual percentage rates of change
in BMD from the femoral neck and lumbar spine appear
to be normally distributed, and we were not able to
demonstrate a subgroup of ‘fast losers’. The mean
annual rates of change at the spine were similar in
magnitude to those reported in 38 women within 2 years
of the menopause [18], but less than those of —2 to
—3%/year previously reported from other studies [19].
Rates of change at the hip were also less than in previous
reports [18,20]. There was no positive correlation
between the rates of change at the hip and spine; this
probably represents a statistical phenomenon. One
possible explanation for the difference in rates of
change in BMD between studies may be the dietary
calcium intake, as high-calcium diets have been shown
to retard the rate of both menopausal and age-related
bone loss [21,22].

Our finding that baseline bone density at the spine or
hip did not correlate with variables such as age, weight
and years since menopause is of interest. This has

probably arisen as a result of the selection of women
within a narrow age range, as many previous studies
have included data from a wider range. Biochemical
markers at baseline also did not correlate cross-sectio-
nally with bone density at either site, although the weak
relationship between spinal BMD and DHEAS suggests
that adrenal sex hormone output may have a direct
effect on bone. Similar previous studies have shown
differing results depending on the markers tested and
skeletal site involved [23,24]. Individual biochemical
assays show a diurnal variation and exhibit significant
fluctuation both within and between individuals [25].
This variation is most marked for the urinary markers of
bone resorption, and a recent estimate suggests the
long-term precision error is 12-17% for formation
markers and 25-29% for urinary resorption markers
[26]. Multiple measurements may reduce this error and
more accurately reflect the true biochemical’/hormonal
status of a subject. Multiple measures of serum oestrone
have been shown to correlate weakly with change in
radial bone mass in 66 postmenopausal women over 3
years [27]. Urinary metabolites of sex hormones may
also reduce the variability of a single measurement,
although conflicting findings have been observed
regarding their association with forearm BMD in post-
menopausal women.

In our study we found no correlation between a range
of biochemical markers of bone turnover, individually
or in combination, and subsequent bone loss at hip and
spine over a 4-year period. This contrasts with other
studies which have shown positive correlations between
baseline biochemical marker levels and subsequent
bone loss at the forearm. We have estimated that this
study had 80% power to detect a correlation of r=0.5
between bone loss and biochemical marker values,
assuming a 50% error in the rate of loss and a 20% error
in the marker values. Such high degrees of correlation
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Fig. 2. Scatterplots of annual percentage change in BMD at the
lumbar spine (LS) and serum osteocalcin (a) and urinary deoxypyridi-
noline (b).

would be required for prediction of individual loss rates
in the clinical setting and for decisions on therapeutic
management. The sensitivity and specificity of these
assays is also inadequate and would preclude the use of
these markers in routine clinical use.

Christiansen et al. [8] documented forearm BMD loss
over 2 years in 178 postmenopausal women. Loss rates
appeared bimodal, with fast losers classified as losing
>3%/year. Measurement of body mass index, serum
oestradiol, urinary hydroxyproline and calcium identi-
fied 79% of fast and slow losers. Further work from the
same group showed that a single measurement of
several markers (urinary calcium and hydroxyproline,
serum alkaline phosphatase) and forearm BMD was
predictive of women who had developed osteoporosis
12 years later, although it is probable that the initial
bone mass accounted for this strong association [28].
Osteocalcin measured at baseline was found to correlate
with bone loss at the forearm and lumbar spine in 83
women within 6-36 months of the menopause studied

R. W. Keen et al.

a
10 —
a8 -

—_— 8 —
=
== =
== —
= - "
: 1 - -
o - - -
= o — - ——e . -
= - . -
- 2 _| -, = = g - =
a>
= - 1' Le-
P — - -
<3 -4 pa— -
= — -
<< - -

-8 —_ -

-8 — -

-10 . : , | : I

o 1 2 a3

Ln(Osteocalcin)

10 —
8 —
e —
_—
= -
== 4 —
= -
=] -
2 -
= -
= o — - e
L o T e,
= 2 -, T
eoma =
S . I~
= - -
S e .
-8 — -
-10 r T r I . ' —
o 1 2 3 a

Ln (Deoxypyridinoline)

Fig. 3. Scatterplots of annual percentage change in BMD at the
femoral neck (FN) and serum osteocalcin (a) and urinary deoxypyridi-
noline (b).

for 2 years [7]. In a further small 2-year study of 37
postmenopausal women, rates of forearm bone loss
correlated with baseline measurements of osteocalcin,
urinary hydroxyproline, fasting deoxypyridinoline and
pyridinoline [6]. In this study the prediction of loss rate
was increased either by taking the mean of three
measurements of the urinary collagen cross-links
obtained over a 9-month period or by combining osteo-
calcin, fasting pyr1d1nohne and fastmg urinary hydroxy-
prolme levels in a multipe regression analysis. In efforts
to reduce the error of single measurements, multiple
samples over time of serum osteocalcin [27] and urinary
excretion of oestradiol glucuronide [29] have been

~shown to correlate with change in radial shaft bone

mineral content in early postmenopausal women.
Previous studies have described associations between
initial bone mass and subsequent rate of change, yet
studies regressing initial BMD value against rate of
change are subject to statistical bias [30]. Several analy-
tical approaches have been devised to try and overcome
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this problem, and as our crude analysis had demon-
strated a weak correlation between baseline BMD and
subsequent loss we utilized the approach of Hui et al.
[31]. Omitting the initial BMD measurement from the
bone loss calculation removes the spurious negative
correlations, but the estimate of the regression coeffi-
cient is attenuated as a result of the inherent measure-
ment error of the baseline BMD. Our data suggest that
the weak negative correlations observed in the crude
results were statistically biased, and that if there is any
true effect of initial BMD on the immediate postmeno-
pausal rates of loss it is extremely small. It is also
unlikely that patients with high BMD have persistently
elevated rates of bone loss that persist into later life, as
the short-term observation of the variance of age-
specific rates of bone loss is much higher than that
expected from the age-related increase in the popu-
lation variance of BMD. This suggests a continual self-
correction to rates of bone loss, and reduces the value of
assessing loss rates over a short time period.

Our study has certain limitations and its results can
be interpreted in a number of different ways. The
biochemical markers utilized in this study are from the
“first generation”, and in the case of urinary hydroxyp-
roline are not bone specific. These tests have now,
however, been largely superseded by immuno-based
assays which are more bone specific and further studies
are required to assess whether these will have an
improved predictive role. Power calculations for this
study were based on a 20% error for the measurement
of individual biochemical/hormonal assays, - and
although samples were centrifuged immediately after
collection and stored at —20 °C, it is probable that delay
in performing the assays may have affected, in particu-
lar, the measurement of ostéocalcin levels. This would
have potentially biased our results towards the null
hypothesis. Again, recent immunoassays have been
developed for osteocalcin which recognize different
molecular epitopes and are more suited to delayed
storage and analysis — a setting more likely to occur in
clinical practice. As stated previously the inherent
variability of a single measurement at one time point
may mean that such tests are insufficiently precise or
sensitive to detect small differences in bone loss at the
spine or hip, and although multiple measurements of
markers may reduce the error estimates there are major
implications for cost effectiveness and clinical utility.
We also note that by obtaining samples between 0900
and 1600 hours the effect of diurnal variation may
become apparent, and again introduce potential bias.
We feel, however, that this would probably not mask a
strong relationship such as would be required for clinical
significance. The sampling procedure is also more simi-
lar to that encountered in daily clinical practice, where
these markers would have to be utilized, than that
applicable to a refined research setting.

Bone loss from the spine and hip appears less than
previously reported, is normally distributed and no
discrete ‘“‘fast-loser” subgroup was identified. At
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present our ability to detect these small changes in spine
or hip BMD with DPA is limited due to the long-term
precision of the scanning techniques (shown .in this
study to be 3-5%), which would again potentially bias
our results towards the null hypothesis. We found,
however, that in the small group of women with extreme
spinal bone loss values (i.e. above the least significant
change estimate) there was no significant correlation
between marker values and the degree of bone loss.
Long-term precision of forearm BMD is reported to be
<1% and may explain the positive correlation that has
been reported between markers and bone loss from this
site. Longitudinal measures of forearm BMD are also
less affected by the changes in position, medullary fat
composition and osteophytes that can affect spinal and
hip measurements. During the time period of this study
DPA became outmoded and has been replaced by the
more precise technique of dual-energy X-ray absorptio-
metry (DXA). Longitudinal measurement of BMD
using DXA may more accurately detect small differ-
ences in rates of change, although if variation in loss
rates is as small as this study suggests, identification of
subgroups ‘may not be cost effective. Alternatively
studies may need to be of longer duration (i.e. 5-10
years) to overcome the long-term precision errors of
DXA and DPA, and to fully test the sensitivity of
markers, although this has financial implications for
those supporting this research.

It is possible that biochemical markers may correlate
with forearm (and therefore cortical) bone loss but not
with bone loss from the spine or hip. It is likely that the
better long-term precision of forearm BMD measure-
ments accounts for the positive correlations observed,
although it is possible that biochemical markers are
reflecting changes in total body BMD and that cortical
bone is a more representative component of this
measure. It is important, however, that biochemical
markers be shown to be predictive of bone loss at the
clinically relevant sites such as hip and spine where¢ the
majority of osteoporotic fractures occur.

Our results overall suggest that single measurements
of biochemical markers of bone turnover and endo-
genous sex steroids at the time of menopause are not
predictive of subsequent bone loss measured by DPA
over 4 years at the lumbar spine or hip, and appear
unlikely to be clinically useful in this regard. Further
studies are required, however, to identify whether the
modern, bone-specific immuno-based assays may
correlate better with bone loss measured with DXA,
and to examine their role in predicting and monitoring
response to therapy. ’
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