Bone Mineral Density, Calcaneal Ultrasound,
and Bone Turnover Markers in Women with
Ankylosing Spondylitis
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ABSTRACT. Objective. To assess bone mineral density (BMD) by dual energy x-ray absorptiometry (DEXA) and
calcaneal quantitative ultrasound (QUS) in a cohort of pre- and postmenopausal women with ankylosing spondylitis (AS), and to determine any relationships with markers of bone turnover and
disease activity or severity.
Methods. Fifty premenopausal and 16 postmenopausal women with AS were studied. Clinical and
radiological status was assessed by the Bath AS Disease Activity Index (BASDAI), Bath AS
Functional Index (BASFI), Bath AS Metrology Index (BASMI), and Bath AS Radiology Index
(BASRI). BMD of the hip and spine was measured by DEXA, and QUS measured at the heel. Serum
osteocalcin (OC), bone-specific alkaline phosphatase (BALP), urinary D-pyridinoline crosslinks
(D-PYR), and C-reactive protein (CRP) were assayed.
Results. Women with AS (n = 66) had reduced BMD at the hip compared to age and sex matched
controls (n = 132). The mean t scores were –1.1 and –2.0, and z scores –0.4 and –0.37, for pre- and
postmenopausal women, respectively. Four (6%) had osteoporosis and 34 (52%) had osteopenia
according to the WHO definitions. Using a multiple regression model, femoral neck BMD was
found to be significantly affected by age, body mass index, and the sacroiliac radiographic score.
There were no significant correlations of BMD with disease duration or disease activity. QUS
measures did not correlate with DEXA measures of BMD. Women with AS had significantly lower
markers of bone formation, OC and BALP, and a trend to higher D-PYR than controls. Serum OC
levels correlated negatively with femoral neck BMD, whereas D-PYR correlated with CRP levels.
Conclusion. Women with AS have reduced hip BMD, 0.39 SD below age and sex matched controls.
Bone turnover in women with AS is characterized by low OC and BALP. (J Rheumatol 2002;
29:516–21)
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A decrease in bone density of the axial skeleton is a feature
of ankylosing spondylitis (AS), with an increase in prevalence of vertebral fracture1,2. Low bone mineral density
(BMD) of the lumbar spine (LS) and hip has been noted in
mild disease with minimal radiological changes, with a
mean reduction in BMD of 10% compared with controls3,4.
BMD at the hip may be a more reliable indicator of axial
BMD in established AS due to elevation of anteroposterior
lumbar spine BMD by paraspinal ossification and
syndesmophyte formation in more advanced disease5,6.
Dual energy x-ray absorptiometry (DEXA) has generally
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been used to measure BMD of the spine, hip, and radius in
AS. Recently, quantitative ultrasound (QUS) has generated
interest in the assessment of bone density, but has not been
used to evaluate patients with AS. This method has advantages in terms of cost, portability of equipment, and lack of
ionizing radiation. Calcaneal ultrasound measures mainly
trabecular bone indices, but this distal site may not reflect
changes in axial trabecular bone. Calcaneal ultrasound has
been shown to predict the risk of osteoporotic hip and
nonvertebral fractures in elderly populations7,8.
The pathogenesis and timing of onset of osteoporosis in
AS remain unclear. Both increased and decreased bone
turnover have been reported, utilizing various markers of
bone turnover9-12. Bone-specific serum alkaline phosphatase
(BALP) and osteocalcin (OC) are sensitive and specific
markers of bone formation. D-pyridinoline (DPYR)
crosslinks of collagen molecules excreted in urine are a
useful measure of bone resorption. Bone formation and
resorption are normally tightly coupled.
Studies of BMD in AS have included few women,
despite the prevalence of AS having a female:male ratio of
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1:3. Osteoporosis, however, has a higher prevalence in
women, with increasing risk after menopause and with age.
We assessed BMD by DEXA and quantitative calcaneal
ultrasound in a cohort of pre- and postmenopausal women,
and investigated relationships with markers of bone
turnover and disease activity or severity.
MATERIALS AND METHODS
A cross sectional study was conducted between October 1997 and March
1999. Sixty-six women aged between 20 and 75 years consented to take
part, as approved by the local ethics committee. All subjects had a diagnosis
of primary AS, according to the modified New York criteria13. Women were
categorized as premenopausal, defined by a regular menstrual cycle, or
postmenopausal (12 months amenorrhea after menopause). Women who
had a hysterectomy and were aged less than 55 years, or whose menopausal
status was otherwise unclear, were excluded from study. Subjects with any
condition such as thyroid disease or malabsorption, or taking any medication such as hormone replacement therapy (HRT), oral corticosteroids (in
continuous oral doses for > 3 mo), or anticonvulsants that might affect bone
turnover were excluded. Subjects who had had intermittent intraarticular
steroid injections or steroid eye drops for uveitis were not excluded. Other
exclusions were pregnancy, bilateral total hip replacements, or psoriatic
and inflammatory bowel related spondyloarthropathy. Data from 132 age
and sex matched healthy controls (with no condition or medication,
including HRT, known to affect bone metabolism) were obtained from a
database of measurements of BMD and bone turnover of the normal population in the local Bath region.
Demographic data, height and weight, and disease duration were
recorded. Current dietary calcium intake was recorded in terms of daily
intake of dairy products, where 1 cup of milk or 60 g (2 ounces) of cheese
was equated to 300 mg calcium. The subjects’ disease activity, functional
index, and physical measures were assessed by the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI)14, Bath Ankylosing
Spondylitis Functional Index (BASFI)15, and the Bath Ankylosing
Spondylitis Metrology Index (BASMI)16, respectively. Anteroposterior
(AP) and lateral lumbar spine and sacroiliac radiographs taken within the
last 2 years were examined and scored according to the Bath Ankylosing
Spondylitis Radiology Index (BASRI) criteria17 by a single unblinded
investigator (DS). BMD (g/cm2) at the AP lumbar spine (L1–L4), nondominant hip, and whole body was measured using a Hologic QR4500 (Version
8) densitometer. In vivo precision was 1.0% at AP lumbar spine, 1.8% at
femoral neck, 0.82% for whole body scans. T and z scores (standard deviations from peak adult BMD and age matched BMD, respectively) were
related to the Hologic database, based on US women18.
Calcaneal ultrasound using a Sahara Clinical Bone Sonometer
(Hologic) was undertaken in 23 women after the sonometer was obtained
by the Clinical Measurement Department of our hospital in late 1998. The
patient’s left heel was placed between 2 transducers covered with silicon
rubber pads and direct contact ensured by the use of a coupling gel. QUS
measures the speed at which sound propagates through bone (SOS), and the
pattern of attenuation of ultrasonic frequencies in bone (BUA). Stiffness
(QUI) is calculated from a combination of BUA and SOS using the equation: stiffness = (0.67 × BUA + 0.28 × SOS) – 420. Accuracy and precision
may be affected by positioning and other variables of the measurement
region. In this institution, the coefficient of variation for BUA is 3.5% and
for SOS it is 1.2%.
Blood and urine samples were collected from 40 women with AS and
74 age matched healthy control women who were able to attend prior to 10
AM. Samples were assayed for C-reactive protein (CRP) by latex enhanced
turbimetry using Roche Integra equipment in the hospital’s clinical chemistry department, or stored at –70°C for measurement of bone turnover
markers. BALP, OC, and urinary freeD-PYR crosslinks were assayed in
duplicate by ELISA, using Alkphase-B, Novocalcin, and Pyrilinks-D kits,
respectively, from Metra Biosystems, Mountain View, CA, USA. D-PYR

crosslinks are reported as nmol/mmol creatinine. Intraassay coefficient of
variation were < 10% in all assays.
Statistical analyses were performed in several steps: (1) The study
population was described in terms of demographic, clinical, and radiological data, and results expressed as mean (standard deviation) or percentages. Student t test was used to assess differences in this data between preand postmenopausal women. (2) BMD and bone turnover markers of the
AS and control groups were compared using Student t test for paired
samples. (3) The proportion of women in the AS and control groups who
met the WHO criteria for osteoporosis and osteopenia were compared by
chi-squared test. (4) Univariate analysis was conducted in which the dependent variable was the femoral neck and lumbar spine BMD and the independent variables were age, BMI, and disease severity and disease activity
indices. A multiple regression model was then fitted using backward selection to determine factors affecting BMD. Similar modeling was used to
assess osteoporotic risk factors and BMD. Univariate analyses were used to
evaluate correlations between BMD and QUS, bone turnover markers, and
CRP. SPSS Version 8.0 was used for these analyses. (6) The level of statistical significance was < 0.05.

RESULTS
The subjects’ demographic data are summarized in Table 1.
Eighty percent (53/66) of women with AS were taking nonsteroidal antiinflammatory drugs. Two premenopausal
women were taking sulfasalazine for peripheral joint symptoms, but no other disease modifying drugs were being
taken. In the postmenopausal group, 10 women were
between 1 and 5 years postmenopause, 2 were 5–10 years
postmenopause, 4 were > 10 years postmenopause. As
expected, postmenopausal women had longer disease duration and more severe radiological disease. BASMI, but not
BASFI or BASDAI, correlated with radiological severity
(sacroiliac score, r = 0.61, p < 0.0001; lumbar spine score, r
= 0.71, p < 0.0001). Body mass index (BMI) and CRP levels
were not significantly different between pre- and postmenopausal women. The healthy control women were age
matched to the women with AS [mean age 43.07 (SD 10.8)
vs 43.4 (10.6) yrs in the AS group; p = 0.85, NS]. The BMI
of the control group was not significantly different from that
of the AS group [mean BMI 24.2 (SD 3.6) vs 25.5 (5.3); p =
0.17, NS].
Bone mineral density. BMD of 132 healthy age matched
local women, used as the control group, were compared to
the Hologic database. There was no significant difference
between the 2 groups at the lumbar spine and hip sites. T and
z scores for the lumbar spine and hip regions were therefore
derived from the Hologic database. Both pre- and postmenopausal women with AS had significantly lower BMD
at the femoral neck and total hip than controls (Table 2).
From Table 2 it can be seen that pre- and postmenopausal
women with AS have mean t scores of –1.1 and –2.0,
respectively; however, the z score remains relatively
constant at –0.39, indicating that there is not a progressive
deviation of BMD from control levels with increasing age in
women with AS.
There was no significant difference in AP lumber spine
BMD of women with AS compared to the local controls.
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Table 1. Clinical and radiological characteristics of women with AS. Data presented as mean (SD) or numbers of
patients (percentage).
Variable

All

Premenopausal

Postmenopausal

p*

50
38.9 (7.4)
17 (8.2)
25.3 (5.8)
2.1 (1.6)
3.9 (2.3)
3.0 (2.6)
27/50 (54)

16
57.1 (6.7)
33.9 (12.2)
26.3 (3.6)
4.4 (1.8)
4.4 (1.8)
4.2 (1.9)
1/16 (6)

0.0001
0.0001
0.66 NS
0.0001
0.38 NS
0.08 NS

3.0 (0.8)
1.5 (1.0)
9.7 (11.9)
17/36 (47)

4.0 (0.5)
3.0 (0.9)
7.6 (13.9)
3/9 (33)

N
66
Age, yrs
43.4 (10.6)
Disease duration, yrs
21.1 (5.3)
BMI, kg/m2
25.5 (5.3)
BASMI, 0–10
2.7 (1.9)
BASDAI, 0–10
4.0 (2.2)
BASFI, 0–10
3.3 (2.5)
Sacroiliitis only,
28/66 (42)
normal spine radiograph (%)
SI score, 0–4
3.0 (0.8)
LS score, 0–4
2.0 (1.5)
CRP, mg/l
8.6 (5.0)
Abnormal CRP (%)
20/45 (44)

0.0004
0.0001
0.65 NS

* Comparing pre- and postmenopausal, t test. SI: Sacroiliac, LS: lumbar spine, NS: not significant

The controls, however, had significantly higher whole body
BMD measures than the Hologic database [mean 1.13 (SD
1.0) vs 1.05 (0.09); p < 0.05, t test]. Women with AS had
significantly lower whole body BMD compared with local
controls, but not when compared to the Hologic database
(Table 2). Due to the disparity between the 2 control groups,
no further analyses were performed on the whole body
BMD data.
According to the WHO definition of osteoporosis19, 4
(6%) women with AS had osteoporosis at the femoral neck
and a further 34 (52%) met the criteria for osteopenia. At the
lumbar spine, 5 (8%) were osteoporotic and 12 (18%) were
osteopenic. Significantly more women with AS were
osteopenic at the hip or osteoporotic at the hip and lumbar

spine than the control group (Table 3). Four women had had
prior nontraumatic fractures (one hip at age 45, one ankle at
age 46, 2 wrist fractures at ages 63 and 64). The subjects
who had sustained wrist fractures both had osteoporosis at
the lumbar spine, and one also met the criteria for osteoporosis at the femoral neck. The 2 other subjects were
osteopenic at the femoral neck, but not at the lumbar spine.
In terms of other independent risk factors for osteoporosis,
7 subjects (2 postmenopausal) had a family history of osteoporosis; 13 (2 postmenopausal) had a body weight < 57.7 kg
(127 lb); 13 subjects (2 postmenopausal) were current
smokers. Fifty percent (25/50) of premenopausal women
and 40% (6/16) of postmenopausal women had dietary
intakes of calcium that were less than the recommended

Table 2A. BMD of premenopausal women with AS and controls.

Age
Lumbar spine
Femoral neck
Total hip
Whole body

AS, n = 50,
mean (SD)

Control, n = 100
mean (SD)

p*

% Difference

T Score

Z Score

39.0 (7.4)
1.05 (0.16)
0.81 (0.11)
0.91 (0.12)
1.11 (0.07)

38.6 (7.4)
1.05 (0.12)
0.86 (0.11)
0.96 (0.12)
1.15 (0.09)

NS
NS
0.01
0.02
0.02

5.8%↓
5.0%↓
3.1%↓

–0.11
–1.10
–0.64
0.03

0.35
–0.40
–0.29
0.55

* Student t test, NS: not significant.
Table 2B. BMD of postmenopausal women with AS and controls.

Age
Lumbar spine
Femoral neck
Total hip
Whole body

AS, n = 16,
mean (SD)

Control, n = 32,
mean (SD)

p*

% Difference

T Score

Z Score

57.0 (6.7)
0.95 (0.19)
0.69 (0.07)
0.80 (0.08)
1.03 (0.07)

57.1 (6.0)
0.95 (0.14)
0.76 (0.13)
0.89 (0.12)
1.09 (0.10)

NS
NS
0.02
0.02
0.08

9.4%↓
9.6%↓
5.4%↓

–0.79
–2.03
–1.39
–0.81

0.57
–0.37
–0.24
0.13

* Student t test, NS: not significant
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Table 3. Osteopenia and osteoporosis in lumbar spine, femoral neck, and
total hip regions in women with AS and controls matched for age and sex.
Femoral Neck T Score

Normal (T score > –1.0 SD)
Osteopenia (–2.5 < T score < –1.0)
Osteoporosis (T score < –2.5)

AS, n = 66 (%)

28 (42)
34 (52)
4 (6)

Controls,
n = 132 (%)
80 (61)
48 (36)
4 (3)

Table 4. Bone turnover markers of women with AS and controls.

Number
Age, yrs
BALP, U/I
OC, ng/ml
DPYR/creatinine,
nmol/l

AS

Control

p*

40
41.6 (10.1)
15.0 (4.8)
7.5 (2.9)

74
44.6 (12.1)
17.3 (6.2)
9.6 (4.3)

NS
0.03
0.02

9.4 (5.2)

7.7 (3.8)

0.08

Chi-squared test: p = 0.05
* Student t test, NS: not significant
Total Hip T Score

Normal (T score > –1.0 SD)
Osteopenia (–2.5 < T score < –1.0)
Osteoporosis (T score < –2.5)

AS,
n = 66 (%)

Controls,
n = 132 (%)

40 (61)
23 (35)
3 (4)

100 (76)
31 (23)
1 (1)

AS,
n = 66 (%)

Controls,
n = 132 (%)

49 (74)
12 (18)
5 (8)

100 (76)
31 (23)
1 (1)

Chi-squared test: p = 0.04
Lumbar Spine T Score

Normal (T score > –1.0 SD)
Osteopenia (–2.5 < T score < –1.0)
Osteoporosis (T score < –2.5)
Chi-squared test: p = 0.03

daily allowance of 1500 mg/day. Body weight (p < 0.0001
for femoral neck and p = 0.02 for lumbar spine) and history
of fracture (p = 0.005 for femoral neck; p = 0.002 for lumbar
spine) were found to be factors predicting femoral neck and
lumbar spine BMD using a multiple regression model.
Using a multiple regression model fitted using backward
selection, the following variables were found to significantly affect femoral neck BMD: age (r = –0.35, p = 0.003),
BMI (r = 0.35, p = 0.001), and sacroiliac radiographic score
(r = –0.29, p = 0.013). Measures of disease activity
(BASDAI, BASFI, CRP) had no significant correlations
with femoral neck BMD. Similar effects of age (r = –0.39, p
= 0.005) and BMI (r = 0.39, p = 0.002) were found on
lumbar spine BMD. Lumbar spine BMD also correlated
with BASMI (r = 0.44, p = 0.004).
Calcaneal ultrasound. Twenty-three women (18 premenopausal, 5 postmenopausal) with AS had calcaneal quantitative ultrasound. There was a trend for QUI and SOS to
correlate with femoral neck and total hip BMD, but this was
only significant for calcaneal SOS and hip BMD (r = 0.43,
p = 0.04).
Bone turnover markers. The results of bone turnover
markers in 40 women with AS and 74 controls are shown in
Table 4. Women with AS had significantly lower BALP
[mean 15.0 (SD 4.8) vs 17.3 (6.2); p = 0.03, t test] and OC
[mean 7.5 (SD 2.9) vs 9.6 (4.3); p = 0.02, t test] than
controls, with a nonsignificant trend to raised D-PYR [mean

9.4 (SD 5.2) vs 7.7 (3.8); p = 0.08, t test]. Postmenopausal
women in both the AS and control groups had higher BALP
than premenopausal women [mean 19.2 (SD 3.6) vs 14.3
(4.6); p > 0.005, t test, data not shown]. Serum OC correlated negatively with femoral neck BMD (r = –0.29, p =
0.004) and total hip BMD (r = –0.44, p = 0.01). No correlation was observed between any marker of bone turnover and
calcaneal US measures.
C-reactive protein. Forty-four percent (20/45) of women
with AS had a CRP greater than the normal range (< 5.0
mg/dl) measured on a single occasion. Those with a raised
CRP had significantly higher BASDAI [mean 5.0 (SD 2.0)
vs 3.2 (2.0); p = 0.004, t test] and BASFI [mean 4.3 (SD 2.5)
vs 2.3 (2.0); p = 0.005, t test] compared with those women
with AS who had CRP levels within normal limits. D-PYR,
but not OC or BALP, correlated with CRP levels (r = 0.45,
p = 0.01). There were no relationships between CRP and
BMD or QUS.
DISCUSSION
This study reports BMD, QUS, and bone turnover marker
data in a large cohort of women with AS. Such data have not
previously been reported in a specifically female study,
including both pre- and postmenopausal women. Our findings confirm that women with AS have a reduced hip BMD
of 0.39 SD below age and sex matched controls, consistent
with Donnelly’s report, which included 25 women2. Overall,
58% of subjects were osteopenic or osteoporotic at the
femoral neck, with a similar figure reported in a mixed sex
study11. We did not find a progressive decrease in hip BMD
with disease duration independent of age related loss,
although the radiological severity of sacroiliac disease was
an independent factor in predicting femoral neck BMD. Our
findings could be explained by early bone density loss associated with AS, or the achievement of a lower peak bone
mass, with the normal pattern of age related loss occurring
thereafter. The cross sectional design is a limiting factor in
this study, and serial measurements of bone density and
markers of bone turnover, particularly early in the disease
course, would be necessary to address this issue.
Low hip BMD is a feature of AS in both men and women.
In this study, BMD at the femoral neck in premenopausal
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women was around 5% lower than controls. Femoral neck
BMD in men with AS has been reported as around 10%
lower than controls3,5,6, with z scores of around –1.02,4. The
less marked reduction of BMD in women could be
explained by either a lower inflammatory disease activity in
women or more efficient hormonal bone protection. BMD at
the lumbar spine was not significantly different from control
groups in this study. It has been shown that anteroposterior
lumbar spine BMD does not represent trabecular BMD in
AS patients with advanced disease, both men and women,
due to false elevation by paraspinal ossification and
syndesmophyte formation20. The correlation between
lumbar spine BMD and BASMI presumably reflects the
changes in DEXA and spinal mobility induced by
syndesmophyte formation. Quantitative computer tomography21 and lateral lumbar spine DEXA6 have shown low
trabecular bone density in the presence of elevated anteroposterior lumbar spine DEXA, but use of these techniques is
limited by radiation dose and technical difficulties, respectively. Overall, the presence of axial demineralization is
more readily assessed by hip BMD6. However, hip involvement in AS and its effect on hip BMD has not been examined in this or other studies — whether hip involvement may
have an effect on hip BMD measurements is unclear.
Quantitative ultrasound assesses alternative variables to
DEXA at peripheral skeletal sites. The lack of consistent
correlations between BMD and QUS we observed could be
due to the smaller number of calcaneal ultrasounds that we
were able to perform. BMD of the calcaneus may be a better
measure to assess the relationship between QUS and BMD
measurements, as the calcaneum may not reflect axial
disease processes in AS. Calcaneal BUA has been reported
to show moderate correlation with hip and lumbar spine
BMD in a non-AS population22,23. Calcaneal ultrasound has
been shown to discriminate between patients with and
without osteoporotic hip fracture7, but a definition of osteoporosis using ultrasonic variables is still lacking.
The pathogenesis and timing of onset of osteoporosis in
AS remains unclear. A reduced range of movement of the
spine in ankylosing patients has been proposed as an etiological factor in AS, but low spine and hip BMD has been
reported in mild disease with minimal radiological
changes3,4. Low bone density as an early feature of AS
suggests that inflammatory or systemic mediators may be
involved. Inflammatory markers have been found to correlate with markers of bone metabolism10,12,24,25. CRP correlated with D-PYR, a marker of bone resorption, in this
study, and there was also correlation between CRP and clinical indices of disease activity, BASDAI, and BASFI. The
lack of consistent correlation between CRP, bone turnover
markers, and BMD may be due to these variables reflecting
different time courses: CRP and bone turnover markers
measure the current status of inflammation and bone metabolism, whereas BMD is a longitudinal variable.

The low osteocalcin, together with the trend to elevation
of D-PYR, in our study suggests there is uncoupling of bone
turnover. The negative correlation of serum OC with BMD
at the hip, in the presence of overall lower OC levels,
suggests inappropriately low bone formation. If AS is associated with an inherently low bone turnover, we could
hypothesize that increased bone resorption driven by
inflammatory mediators would result in uncoupled bone
turnover. A reduced bone turnover has previously been
suggested on the basis of normal urinary calcium/creatinine
ratios3 and decreased osteocalcin9,10, although osteocalcin
levels were normal in other studies6,11,12,25. Histomorphometric analysis of iliac crest biopsies has also suggested
that reduction in bone formation may be a factor in osteoporosis in AS26. Other studies11,27 have suggested increased
bone turnover as the primary factor. Although elevated
levels of pyridinoline crosslinks have been reported11,12,28,
D-PYR has also been found in normal levels6,10,24. This variation in reports on markers of bone metabolism may reflect
the heterogeneity of disease activity in the patient population at the time of study. Longitudinal studies of bone
metabolism, together with assessments of disease activity
such as serial CRP measures, in AS may provide more
meaningful data.
From this large cohort of women with ankylosing
spondylitis, we conclude that women with AS at any age
have a significantly lower BMD at the hip than their age and
sex matched controls when assessed by DEXA. There is no
correlation between BMD at the hip and disease duration,
suggesting that low BMD is an early feature of disease.
While higher rates of vertebral fracture have been
reported1,2,29, the predictive value of BMD for fracture in AS
remains undefined.
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