Bone Loss Is Detected More Frequently in Patients with
Ankylosing Spondylitis with Syndesmophytes
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ABSTRACT. Objective. To define the relationship between bone growth (syndesmophytes) and bone loss (osteoporosis) in ankylosing spondylitis (AS).
Methods. Bone mineral density (BMD) at the spine, hip, and radius was measured by dual-energy
x-ray absorptiometry (DEXA), dual-energy quantitative computed tomography (DEQCT), and
peripheral quantitative computed tomography (pQCT) in 103 patients with AS. Radiographs of the
lumbar spine were used to detect syndesmophytes. Patients were divided in 3 groups according to
disease duration.
Results. Osteopenia at the hip and spine was found by DEXA in 56% and 41%, respectively, of the
patients with disease duration < 5 years (n = 27), with an additional 11% and 15% having osteoporosis. In patients with a longer disease duration, > 10 years (n = 28), 29% were osteoporotic at the
hip and only 4% at the lumbar spine. In contrast, using spinal DEQCT, 59% of patients with early
disease were found to be osteopenic; 36% of patients with long-standing disease were osteopenic
and 18% were osteoporotic. More than half the patients (55%) had syndesmophytes (n = 55). With
spinal DEQCT there were more patients with syndesmophytes (63%) in the group with reduced bone
density than in the group without (45%). This was similar with DEXA measurements at the hip,
where 31% compared to 14% had osteoporosis, respectively. Osteocalcin was elevated in 34% of
patients, but was not associated with disease activity or BMD.
Conclusion. The majority of patients with AS had reduced bone density. The method of bone density measurement is critical and should be different depending on disease duration. The finding that
more patients with syndesmophytes had reduced bone density than those without suggests that bone
growth and bone loss occur in parallel, and the role of inflammation in this process warrants further
investigation. (J Rheumatol 2005;32:1290–8)
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Ankylosing spondylitis (AS) is an inflammatory rheumatic
disease that frequently runs a chronic course1, often with a
poor prognosis2. While the inflammatory process initially
involves mainly the sacroiliac joints, the vertebral column is
typically affected in later stages of the disease3. Alongside
spinal inflammation, new bone growth leads to the formation of syndesmophytes and ankylosis of vertebrae4.
Magnetic resonance imaging (MRI) to detect spinal inflammation and conventional radiographs to detect bone growth
are the methods of choice for imaging5,6.
Low bone density in patients with AS has been reported
by several groups7,8. Osteodensitometry has been performed
by different methods, such as dual-energy x-ray absorptiometry (DEXA), dual-energy quantitative computed
From the Department of Rheumatology and Gastroenterology,
Universitätsklinikum Benjamin Franklin, Freie Universität Berlin, Berlin;
and Rheumazentrum-Ruhrgebiet, Herne, Germany.
K. Karberg, MD; J. Sieper, MD; D. Felsenberg, MD, Universitätsklinikum
Benjamin Franklin; J. Zochling, PhD; J. Braun, MD, RheumazentrumRuhrgebiet.
Address reprint requests to Prof. J. Braun, Rheumazentrum Ruhrgebiet,
Landgrafenstrasse 15, 44652 Herne, Germany.
E-mail: J.Braun@rheumazentrum-ruhrgebiet.de
Accepted for publication February 15, 2005.

OSTEOPOROSIS

SYNDESMOPHYTES

tomography (DEQCT), and peripheral quantitative computed tomography (pQCT), and at different locations including
the spine, the hip, and the forearm9-11. The performance of
these techniques is known to vary and study results have not
been consistent, partly because patient numbers have been
low, preventing subgroup analyses. However, it is known
that spinal DEXA measurements may give false-positive
results, possibly related to new bone formation12,13.
Patients with AS have an increased risk for spinal fracture14-16, and the typical hyperkyphosis of AS is partly
caused by vertebral fractures17, contributing to functional
loss18.
Exactly how and why there might be loss of bone mineral content and new bone formation occurring in parallel in
AS is unclear. It has been suggested that the pathologic
processes of resorption and bone formation may well occur
in close proximity19.
This study was performed in a large group of AS patients
at different stages of disease, including relatively early
patients, to study bone density and its association with the
presence of radiological syndesmophytes, in relation to disease duration, age, sex, and disease activity as assessed by
the Bath AS Disease Activity Index (BASDAI)20, the Bath
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AS Functional Index (BASFI)21, and C-reactive protein
(CRP).
MATERIALS AND METHODS
Patients. Patients were recruited consecutively from the University
Hospital outpatient clinic in Berlin, Germany. All patients were asked to fill
out disease-specific questionnaires to assess disease activity (BASDAI20)
and function (BASFI21). Disease duration was assessed from the time of
first symptoms.
Imaging. New bone formation was assessed as the presence of definite syndesmophytes, as observed by radiography of the lumbar spine in 2 planes
(anteroposterior and lateral). Bone density was measured by DEXA
(Hologic QDR 2000 plus, Hologic, Waltham, MA, USA) at the lumbar
spine L2–L4 and the femoral neck, and judged according to the World
Health Organization (WHO) guidelines by T scoring22, adjusted for sex and
age. Osteopenia was defined as a T score < –1, and osteoporosis as a T
score < –2.5. The lumbar spine was also measured (mg/cm3) by DEQCT
(Somatom Plus 4, Siemens, Germany). Osteopenia was defined as density
between 80 and 120 mg/cm3 and osteoporosis as density < 80 mg/cm3, as
defined by Kalender, et al on this machine23. Bone density (mg/cm3) at the
dominant ultra distal radius was measured by pQCT (Stratec XCT 900,
Stratec GmbH, Pforzheim, Germany). All bone mineral density (BMD)
measurements were made on the same densitometers in a single center,
using normal values supplied by the manufacturer to estimate T scores for
DEXA measures.
Laboratory measurements. Serum concentrations of C-reactive protein
(CRP, mg/l), alkaline phosphatase (ALP, U/l), 25-OH-vitamin D, parathyroid hormone (ng/l), osteocalcin (µg/l), and urinary deoxypyridinoline:creatinine ratio (nmol/mmol) were measured in the central laboratory of the
clinic by established methodology.
Statistical analysis. The statistical program SPSS for Windows, version 8.0,
was used for all analyses. The chi-square test was used for comparison of
proportions between groups. Spearman’s nonparametric correlation coefficients were calculated to compare measurements. Multiple regression was
carried out using a backwards method to correct for age and disease duration where appropriate.

RESULTS
Patient characteristics. There were 103 patients in the study,
all fulfilling the 1984 New York criteria for diagnosis of
AS24. There were 64% men (n = 66) and 36% women
(n = 37). Over 90% of the patients were HLA-B27-positive
(n = 95). Less than 10% of patients had a history of corticosteroid use.
Patients were divided into 3 groups; Group 1: patients
with disease duration ≤ 5 years; Group 2: patients with disease duration 5–10 years; and Group 3: patients with a disease duration > 10 years.
Table 1 gives data on patients’ sex, age, disease duration,
and the relative percentages of HLA-B27 in the groups. As
there was an equal proportion of men and women in all
groups, calculations have been made without correcting for
sex.
According to the defined difference in disease duration
the mean age was lowest in Group 1 and highest in Group 3
as expected. Function was not different across the groups.
Laboratory measures were not different between groups
(Table 2).
Prevalence of osteopenia and osteoporosis. Figure 1 shows

the percentages of patients found to be osteopenic or osteoporotic with each method of bone density measurement.
Osteoporosis was found most frequently with DEXA of the
femoral neck, in over half of the patients studied. Peripheral
QCT at the radius was normal in 83%.
Relationship between bone density measured by different
techniques. There was no statistically significant difference
between DEQCT- and DEXA-defined osteopenia or osteoporosis at the lumbar spine in the total cohort of AS patients
(chi-square = 2.35, p = 0.13). Low bone density (osteopenia
or osteoporosis) was significantly more common at the
femoral neck (measured by DEXA) than at the lumbar spine
as measured by either DEXA (chi-square = 20.11, p < 0.001)
or by DEQCT (chi-square = 9.76, p < 0.01), suggesting that
DEXA at the femoral neck is more sensitive for measuring
osteoporosis in AS patients than spinal BMD measures. In
comparison to the data obtained at other sites, bone density
measurements at the forearm clearly classified fewer AS
patients as osteopenic or osteoporotic (DEXA lumbar spine
chi-square = 17.93, p < 0.0001; DEXA femoral neck chisquare = 72.59, p < 0.0001; and DEQCT lumbar spine chisquare = 30.64, p < 0.0001).
Correlation between T scores (by DEXA) at the lumbar
spine and the neck of femur was good (Spearman correlation coefficient r = 0.69, p = 0.003). The results of DEQCT
measurements (mg/cm3) at the lumbar spine correlated less
well, but still significantly with the T scores (by DEXA) at
the femoral neck (r = 0.39, p = 0.03). Correlation between
DEXA T scores at the lumbar spine and DEQCT at the lumbar spine was not significant (r = 0.13, p = 0.3). There was
no correlation between bone density measured at the forearm (g/cm3) and DEXA values at either lumbar spine (p =
0.18) or femoral neck (p = 0.8) or DEQCT values at the lumbar spine (p > 0.05).
There was no correlation between bone density measurements using different techniques and disease duration (all
p > 0.4, data not shown), age (all p > 0.12, data not shown),
BASDAI, BASFI, or CRP. Multiple regression using disease duration as a continuous variable (corrected for age and
sex) did not change the results, with no significant relationship seen between disease duration and DEQCT (T =
–0.966, p = 0.34), DEXA of lumbar spine (T = 0.458, p =
0.65), or DEXA of femoral neck (T = –1.954, p = 0.054).
Relationship between bone density and disease duration.
Raw values and T scores for each assessment method are
given in Table 3, and proportions of patients classified as
osteopenic or osteoporotic are given in Table 4. At the lumbar spine, all groups were osteopenic by DEXA (T score <
–1; Table 3). In contrast to the results using DEXA, DEQCT
showed a progressive decline in BMD (mg/cm3) with age.
Multiple regression showed no significant relationship
between age and DEXA T scores (r = 0.053, p = 0.7), but
BMD as measured by DEQCT was significantly lower with
increasing age (r = 0.244, p = 0.03).
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Table 1. Patient characteristics for each disease duration in patients with AS (n = 103). Values are given as mean
± standard deviation, unless otherwise indicated.

Age, yrs
Sex, % male
Disease duration, yrs
HLA-B27-positive, %
BASDAI
BASFI
CRP, mg/dl

Group 1
(≤ 5 years),
n = 27

Group 2
(5–10 years),
n = 48

Group 3
(> 10 years),
n = 28

34.2 ± 11.8
63
2.5 ± 1.1
85.2
4.4 ± 2.4
3.1 ± 2.5
12.8 ± 11.0

38.1 ± 11.8
65
7.0 ± 1.8*
85.4
5.3 ± 2.0
3.3 ± 2.1
17.6 ± 17.5

49.1 ± 11.1*†
64
19.7 ± 6.8*†
75
4.7 ± 2.2
3.5 ± 2.0
13.0 ± 14.4

* Significant difference to Group 1 (p < 0.05); † significant difference to Group 2 (p < 0.05).

Table 2. Measures of bone metabolism: Mean values of alkaline phosphatase (ALP), parathyroid hormone (PTH)
and desoxypyridinoline: creatinine ratio in urine (DPYR:Cr) in AS patients (n = 103), for each disease duration.
Values are given as mean ± standard deviation.

ALP, U/l
PTH, 10–65 ng/l
Vitamin D, ng/l
Osteocalcin, µg/l
DPYR:Cr, nmol/mmol

Group 1
(≤ 5 years),
n = 27

Group 2
(5–10 years),
n = 48

Group 3
(> 10 years),
n = 28

Normal
Range

109.8 ± 44.6
28.2 ± 15.3
19.2 ± 11.1
8.6 ± 4.3
6.0 ± 1.7

106.8 ± 37.8
28.9 ± 11.4
18.9 ± 11.8
8.8 ± 5.8
5.2 ± 2.0

118.2 ± 32.6
35.5 ± 12.7†
23.3 ± 12.2
8.4 ± 7.6
4.7 ± 2.2*

60–170
16–42
10–65
4.2–8.8
2.5–5.5

* Significant difference to Group 1 (p < 0.05); † significant difference to Group 2 (p < 0.05).

Figure 1. Comparison of the relative frequencies of osteoporosis and osteopenia at different
sites in 103 patients with AS. *Proportion of patients with low bone density (osteopenia or
osteoporosis) was significantly higher than pQCT RA (p < 0.01). †Proportion of patients with
low bone density (osteopenia or osteoporosis) was significantly higher than DXA LS (p <
0.0001). ‡Proportion of patients with low bone density (osteopenia or osteoporosis) was significantly higher than DXA LS (p < 0.0001). DXA: dual-energy x-ray absorptiometry, LS:
lumbar spine, DEQCT: dual-energy quantitative computed tomography, pQCT: peripheral
QCT, FN: femoral neck, RA: rheumatoid arthritis.
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Table 3. Mean bone density measured by different methods in AS patients (n = 103), for each disease duration.
Values are given as mean ± standard deviation.

DEQCT, LS, mg/cm3
Normal > 120%
DEXA, LS, g/cm2
T score, LS
Normal > 0
DEXA, FN, g/cm2
T score, FN
Normal > 0
pQCT, RA, mg/cm3
Normal > 120%

Group 1
(≤ 5 years),
n = 27

Group 2
(5–10 years),
n = 48

Group 3
(> 10 years),
n = 28

116.23 ± 27.26

111.10 ± 31.87

105.22 ± 45.00

0.956 ± 0.128
–1.02 ± 0.31

0.958 ± 0.157
–1.07 ± 0.26

0.978 ± 0.157
–0.79 ± 0.33*†

0.799 ± 0.143
–1.28 ± 0.31

0.769 ± 0.118
–1.82 ± 0.18*

0.760 ± 0.121
–1.69 ± 0.29*†

182.15 ± 53.14

171.75 ± 53.30

158.95 ± 52.57

* Significant difference to Group 1 (p < 0.05); † significant difference to Group 2 (p < 0.05). T score: standard
deviation below peak bone mass, LS: lumbar spine, FN: femoral neck, RA: ultra distal radius.
Table 4. Percentage (%) of AS patients (n = 103) with low bone density, grouped by the presence of syndesmophytes and disease duration.

Yes
Syndesmophytes, n (%)
DEQCT at LS, mg/cm3
> 120
> 80 < 120
< 80
DEXA at LS, T score
> –1
< –1, > –2.5
< –2.5
DEXA at FN, T score
> –1
< –1, > –2.5
< –2.5

≤ 5 Years’ Disease
No
Total

Yes

5–10 Years’ Disease
No
Total

Yes

> 10 Years’ Disease
No
Total

7 (26)

20 (74)

27

26 (54)

22 (46)

48

23 (82)

5 (18)

28

14
86
0

50
50
0

41
59
0

43
38
19

50
50
0

46
44
10

43
36
21

60
40
0

46
36
18†

29
71
0

50
30
20

44
41
15

47
33
19

64
27
10

54
31
15

64
36
0

40
40
20

60
36
4†

29
71
0

35
50
15

33
56
11

23
38
38

26
63
11*

25
50
25

15
54
31

20
60
20

14
57
29†

* Significant difference from patients with syndesmophytes (p < 0.05); † significant difference in trend across disease duration compared to each of the other
measurement methods (p < 0.05). LS: lumbar spine, FN: femoral neck, T score: standard deviation below peak bone density.

At the femoral neck, the mean bone density was reduced
in all groups (Table 3). All groups were osteopenic (T score
< –1), and the mean T score was lowest in Group 2. There
was a trend toward lower values with increasing age and
disease duration, but this did not reach statistical significance (p > 0.05 ) on multiple regression.
In patients with disease duration < 5 years (n = 27), low
bone density (osteopenia or osteoporosis) at the hip and the
spine by DEXA was found in 67% and 56% of the patients,
respectively (Table 4). In patients with a longer disease
duration, > 10 years (n = 28), 29% were osteoporotic at the
hip and only 4% at the lumbar spine. In contrast, spinal
DEQCT found 59% of patients with early disease were
osteopenic; 36% of patients with long-standing disease were
osteopenic and 18% osteoporotic (Table 4). DEXA at the
femoral neck classified more patients as osteoporotic with
longer disease duration than both DEXA at the lumbar spine

(chi-square for trend = 13.69, df = 2, p = 0.001) and DEQCT
(chi-square for trend = 6.28, df = 2, p = 0.04). At the lumbar
spine, DEQCT was seen to classify an increasing percentage
of patients as osteoporotic with increasing disease duration,
compared to a decreasing classification of osteoporosis
when DEXA was used (chi-square for trend = 24.56, df = 2,
p < 0.0001).
Using pQCT at the forearm, 85% of Group 1, 83% of
Group 2, and 80% of Group 3 patients had a normal bone
density. In contrast, osteopenia was found in 15%, 15%, and
20%, respectively. One patient in Group 2 had osteoporosis
detected at the forearm.
There were no significant differences in the prevalence of
osteopenia or osteoporosis between patients of different disease durations for any of the methods used (all p > 0.1).
New bone formation and bone density. Syndesmophytes
were found in 54.5% of the total cohort. Mean disease dura-

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved.
1293

Karberg, et al: Bone loss in AS

Downloaded on July 6, 2022 from www.jrheum.org

tion in patients with syndesmophytes was 13.4 years, longer
than in those patients without syndesmophytes (mean duration 6 years).
In Group 1 (< 5 years’ disease duration), there were
already 26% with syndesmophytes, and syndesmophytes
were found in 55% of patients in Group 2. In Group 3, 82%
of patients had syndesmophytes on radiographs.
In the presence of syndesmophytes, more patients were
seen to have diminished bone density when measured by
DEXA of the femoral neck or by DEQCT than by DEXA of
the lumbar spine, as expected (Figure 2). In patients without
syndesmophytes, DEXA of femoral neck classified more
patients as osteopenic or osteoporotic than either lumbar
spine measurement.
Disease duration, syndesmophyte formation, and bone density. The presence of syndesmophytes was significantly
related to disease duration (chi-square = 17.51, p < 0.0001).
The longer disease was present, the more likely that syndesmophytes were found, as shown in Table 4. Twenty-six
percent of patients with disease duration < 5 years (Group 1)
had already formed syndesmophytes. After 5–10 years of
disease (Group 2), 55% had syndesmophytes, as did 81% of
those with > 10 years of disease (Group 3). There was no
relationship between syndesmophyte formation and age.
Of patients with short disease duration (5 years or less,
Group 1) who already had syndesmophytes on radiographs,
86% were osteopenic at the lumbar spine as measured by
DEQCT, and 71% as measured by DEXA at both lumbar
spine and femoral neck. Those patients without syndesmophytes at 5 years or less were less frequently osteopenic by
any method (50%, 50%, and 65%, respectively), although

this trend did not show statistical significance for any
method (all p > 0.09).
After 5–10 years of disease (Group 2), osteoporosis was
seen at the lumbar spine in 19% of patients with syndesmophytes by both DEQCT and by DEXA, more than double the
proportion seen in patients without syndesmophytes. DEXA
at the femoral neck classified significantly more patients
with syndesmophytes as osteoporotic compared to those
without syndesmophytes (38% compared to 11%; chisquare = 4.028, p = 0.04).
Osteoporosis was more frequently detected in patients
with syndesmophytes and a long disease duration (> 10
years) when both DEXA at the femoral neck and DEQCT at
the lumbar spine were used to measure bone density (21%
and 31%, respectively). No case of osteoporosis was identified by DEXA at the lumbar spine in this group. DEQCT did
not identify any patient without syndesmophytes with osteoporosis after 10 years of disease, but DEXA at the lumbar
spine identified 33% of patients at a T score < –2.5. No comparisons reached statistical significance in this group due to
the infrequent occurrence of long-standing AS without syndesmophytes.
Disease activity, syndesmophyte formation, and bone density. In the entire cohort, 52% of patients had CRP > 8 and
67% a BASDAI > 4.
In 72% of the cases with an increased CRP there was also
a BASDAI > 4. However, there was a similarly high percentage (62%) of patients with an increased BASDAI but a
normal CRP. Chi-square testing did not show any significant
association between the groups.
Disease activity indicators were increased in patients

Figure 2. Relative frequency of low bone density (osteopenia or osteoporosis) in AS patients
with and without syndesmophytes. *Significantly different from DXA FN with syndesmophytes (chi-square = 10.90, p = 0.001). †Significantly different from DXA FN without syndesmophytes (*hi-square = 5.23, p = 0.02). For definitions, see Figure 1 legend.
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with and without syndesmophytes (Table 5). Disease activity was relatively high in most patients, independent of
duration of disease. In particular, the BASDAI was elevated (> 4) in 75% of patients with more than 5 years of
disease.
There was no significant relationship between bone density and BASDAI, BASFI, or CRP in patients with syndesmophytes. Seventy-eight percent of AS patients without
syndesmophytes and a BASDAI > 4 had a normal bone density, whereas none had normal bone measurements if they
had a BASDAI < 4. There was no correlation between the
BASDAI and bone density as measured by DEQCT, but
DEQCT in this group was moderately correlated with the
BASFI (r = 0.386, p = 0.045). The interrelationship between
bone density measured by DEXA at the femoral neck, syndesmophytes, and disease activity indicators is shown in
Table 5. There was no statistically significant relationship
between bone density measured at any site by any method
with elevated serum CRP levels.
Bone metabolism markers. Osteocalcin levels were elevated
in 34% of patients. There was no significant difference in
mean osteocalcin levels between groups, as divided by disease duration (Figure 3). By 10 years of disease, most
patients had normal osteocalcin levels.
Disease activity represented by the BASDAI was not significantly correlated with increased osteocalcin levels. The
frequency of increased osteocalcin levels was comparable to
the frequency of increased CRP levels (r = 0.22, p = 0.04).
Among patients with elevated CRP (CRP > 8), 61% also had
an increased osteocalcin level.
An elevated osteocalcin level was not correlated with
bone density (all p > 0.2).
Elimination of deoxypyridinoline in the urine was
not correlated with osteocalcin levels. Similarly, there
was no statistically significant relationship between urinary deoxypyridinoline and the BASDAI score or CRP
levels.

DISCUSSION
This study confirms that patients with AS already have
reduced bone mineral density at the lumbar spine and the
femoral neck early in the disease process. The data further
indicate that patients with radiographic evidence for new
bone formation are even more likely than those without syndesmophytes to develop osteoporosis at the spine and the
femoral neck.
Low bone density has been well documented in patients
with AS, particularly in early disease6-12. In established disease, 20%–60% of patients are expected to have osteopenia
or osteoporosis. El Maghraoui, et al10 have shown that
osteoporosis and osteopenia as defined by the WHO standard occurred at the lumbar spine in 18.7%–31.2% of AS
patients and at the femoral neck in 13.7%–41.2%. A French
study11 found 46.5% of AS patients had low bone density at
L2–L4 and 26.8% at the femoral neck, while the incidence
was much lower in control subjects (23.9% and 10%; p =
0.001 and 0.08). Our own observations were consistent with
these findings. Bone density was not reduced at the radius in
our study, consistent with previous research25.
These conclusions are limited by the degree to which different modalities of BMD measurement are comparable
with each other. Different machines incorporate different
manufacturers’ norms, and measure different aspects of
bone structure and composition. The use of T scores to
define osteoporosis was developed for DEXA at the hip in
postmenopausal women22, and valid arguments have been
made against applying this definition to other technologies
and populations26. Nevertheless, in the absence of large
comparative studies of fracture prediction, comparisons
between DEXA, DEQCT, and pQCT must be considered
using available reference ranges. For clinical practice, these
findings highlight the importance of interpreting BMD in
AS patients with respect to the imaging methodology used
and the populations used for manufacturer norms.
DEXA technology is considered the gold standard for

Table 5. Relationship of low bone density (BMD) measured by DEXA at femoral neck to BASFI, BASDAI, and CRP in patients with and without syndesmophytes.

BMD with syndesmophytes, n = 55
Normal BMD (T score ≥ 0)
Osteopenia (T score –1 to 0)
Osteoporosis (T score < –2.5)
Normal BMD compared to
osteopenia/osteoporosis
BD without syndesmophytes, n = 46
Normal BMD (T score ≥ 0)
Osteopenia (T score –1 to 0)
Osteoporosis (T score < –2.5)
Normal BMD compared to
osteopenia/osteoporosis

N (%)

BASFI > 3, %

BASDAI > 4, %

CRP > 8, %

11 (20)
27 (49)
17 (31)

63
45
66
chi-square = 0.115,
p = 0.73

70
54
50
chi-square = 0.565,
p = 0.45

57
53
43
chi-square = 0.005,
p - 0.95

13 (28)
26 (57)
7 (15)

75
36
0
chi-square = 4.631,
p = 0.03*

82
10
0
chi-square = 17.063,
p < 0.0001*

53
40
0
chi-square = 0.326,
p = 0.57

* Significant (p < 0.05). T score: standard deviation below peak bone density.
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Figure 3. Proportion of patients with elevated osteocalcin levels, divided by disease duration.
*Significantly higher than in patients with syndesmophytes (p < 0.05).

measuring spinal bone density in involutional osteoporosis.
It is, however, not as reliable in AS, as syndesmophyte formation causes falsely elevated values due to hyperossification13,27. In patients without substantial syndesmophytosis,
DEXA measurement is more valid. This is reflected in the
differing results for bone density seen previously28 and in
our cohort of AS patients dependent on the presence of syndesmophytes. Computer tomography results at the spine and
DEXA at the femoral neck show acceptable correlation with
each other, whereas there is no significant relationship
between DEXA and another technique commonly used for
determining osteoporosis, ultrasound measurement at the
calcaneus29.
The association between osteoporosis and immobility (or
“disuse”) is well recognized30, and it might be that the low
bone density seen in AS patients is related to spinal immobility, particularly in those individuals with significant syndesmophyte formation. Although it is an attractive theory,
disuse osteoporosis is thought to be a result of reduced
weight-bearing, not lack of skeletal mobility, and this is less
likely to be a factor in AS patients unless the individual is
sufficiently impaired to reduce daily weight-bearing activity. Liu, et al31 showed that QCT is sensitive for spinal disuse osteoporosis in patients with spinal cord injury, but
DEXA in the same cohort was unable to detect a significant
reduction in bone density. This was not the case in our AS
group, where both measurement techniques revealed
increased osteopenia and osteoporosis in patients with syndesmophytes compared to those without syndesmophytes.
Immobility is unlikely to be a determining factor in reduced
bone density in AS.
The role of osteoblasts in new bone formation in the context of AS is incompletely defined at this time. Cross-sectional studies of serum osteocalcin in AS have had conflict-

ing results, with most showing levels to be decreased29,32,33
or normal28,34,35, but not related to inflammatory markers.
Recently, a case control study of patients with spondyloarthritides showed osteocalcin levels were significantly
higher in AS patients than in healthy controls36. A short
prospective study of 89 AS patients undergoing physical
therapies for 3 weeks showed elevated osteocalcin levels in
26% of patients at baseline, and change in osteocalcin levels
was weakly but significantly inversely associated with erythrocyte sedimentation rate (ESR)37. Disease duration has
not been specifically addressed in such studies. In this study,
we found that younger AS patients (disease duration < 10
years) and those with elevated CRP levels more frequently
had elevated osteocalcin levels. This suggests that higher
osteocalcin levels accompany systemic disease activity. In
contrast, older patients with inactive disease mostly had
lower osteocalcin levels. Considering these data together, a
reliable indicator for bone formation in AS is still lacking. In
contrast, studies of bone resorption markers and disease
activity have shown the excretion of pyridinoline crosslinks
is correlated with ESR34,35 and CRP10,38. Lange, et al39
showed a correlation between potential disease activity indicators [including serum tumor necrosis factor-α (TNF-α)]
and markers for increased bone metabolism. These results
together support the assumption that there is a phase of
increased inflammatory activity in AS that leads to
increased bone resorption and thus decreased bone density.
Our study was not able to show a strong relationship
between BMD and either disease activity (by BASDAI) or
inflammation (measured by CRP) in patients with AS. It is
likely that cumulative inflammation is more important to
bone than a single measure, reflecting both local and systemic inflammatory changes that over time might have
influenced bone turnover.
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Analogous to studies in other inflammatory conditions, it
is plausible that cytokines formed during the inflammatory
reaction such as TNF-α, interleukin 1ß (IL-1ß), and IL-6
cause a diffuse local osteopenia in the vertebral body40, and
simultaneously new bone formation is mediated by growth
factors including transforming growth factor-ß, insulin-like
growth factor, or bone morphogenetic protein41.
Do these observations offer therapeutic strategies for
bone changes in AS? To date there are no studies to answer
this question. A recent study of AS patients has suggested
that there may be a link between vitamin D receptor genotypes and the presence of osteoporosis42, but there is no evidence that treating AS patients with vitamin D supplement
affects bone density or fracture risk, as has been shown in
involutional and postmenopausal osteoporosis43-45. It is not
clear if calcitonin or bisphosphonates improve osteopenia in
AS. Intravenous pamidronate has been shown to reduce disease activity in AS46-48, but specific studies on bone are
lacking.
Medications for prevention of vertebral fracture are not
widely used in the management of AS49; analgesia with nonsteroidal antiinflammatory agents and regular physiotherapy
make up the mainstay of treatment. There are specific indications for the use of antiinflammatory-based therapy50,51,
and recent results with the TNF-α inhibitor infliximab are
promising for both disease activity52 and improvement of
bone density53. As we introduce new therapeutic strategies
into the management of our patients with AS, it will also be
imperative to address treatment of osteoporosis.
REFERENCES
1. Braun J, Bollow M, Remlinger G, et al. Prevalence of
spondylarthropathies in HLA-B27 positive and negative blood
donors. Arthritis Rheum 1998;41:58-67.
2. Braun J, Sieper J. The sacroiliac joint in the spondyloarthropathies.
Curr Opin Rheumatol 1996;8:275-87.
3. Braun J, Bollow M, Sieper J. Radiologic diagnosis and pathology
of the spondyloarthropathies. Rheum Dis Clin North Am
1998;24:697-735.
4. Braun J, Khan MA, Sieper J. Enthesitis and ankylosis in
spondyloarthropathy: what is the target of the immune response?
Ann Rheum Dis 2000;59:985-94.
5. Zink A, Braun J, Listing J, Wollenhaupt J. Disability and handicap
in rheumatoid arthritis and ankylosing spondylitis — results from
the German rheumatological database. German Collaborative
Arthritis Centers. J Rheumatol 2000;27:613-22.
6. Will R, Palmer R, Bhalla AK, Ring F, Calin A. Osteoporosis in
early ankylosing spondylitis: a primary pathological event? Lancet
1989;2:1483-5.
7. Gratacos J, Collado A, Pons F, et al. Significant loss of bone mass
in patients with early, active ankylosing spondylitis: a followup
study. Arthritis Rheum 1999;42:2319-24.
8. Devogelaer JP, Maldague B, Malghem J, Nagant de Deuxchaisnes
C. Appendicular and vertebral bone mass in ankylosing spondylitis.
A comparison of plain radiographs with single- and dual-photon
absorptiometry and with quantitative computed tomography.
Arthritis Rheum 1992;35:1062-7.
9. Sivri A, Kilinc S, Gokce-Kutsal Y, Ariyurek M. Bone mineral
density in ankylosing spondylitis. Clin Rheumatol 1996;15:51-4.

10. El Maghraoui A, Borderie D, Cherruau B, Edouard R, Dougados
M, Roux C. Osteoporosis, body composition, and bone turnover in
ankylosing spondylitis. J Rheumatol 1999;26:2205-9.
11. Toussirot E, Michel F, Wendling D. Bone density, ultrasound
measurements and body composition in early ankylosing
spondylitis. Rheumatology Oxford 2001;40:882-8.
12. Meirelles ES, Borelli A, Camargo OP. Influence of disease activity
and chronicity on ankylosing spondylitis bone mass loss. Clin
Rheumatol 1999;18:364-8.
13. Bronson WD, Walker SE, Hillman LS, Keisler D, Hoyt T, Allen
SH. Bone mineral density and biochemical markers of bone
metabolism in ankylosing spondylitis. J Rheumatol
1998;25:929-35.
14. Donnelly S, Doyle DV, Denton A, Rolfe I, McCloskey EV, Spector
TD. Bone mineral density and vertebral compression fracture rates
in ankylosing spondylitis. Ann Rheum Dis 1994;53:117-21.
15. Cooper C, Carbone L, Michet CJ, Atkinson EJ, O’Fallon WM,
Melton LJ III. Fracture risk in patients with ankylosing spondylitis:
a population based study. J Rheumatol 1994;21:1877-82.
16. Mitra D, Elvins DM, Speden DJ, Collins AJ. The prevalence of
vertebral fractures in mild ankylosing spondylitis and their
relationship to bone mineral density. Rheumatology Oxford
2000;39:85-9.
17. Geusens P, Vosse D, van der Heijde D, et al. High prevalence of
thoracic vertebral deformities and discal wedging in ankylosing
spondylitis patients with hyperkyphosis. J Rheumatol
2001;28:1856-61.
18. Ralston SH, Urquhart GD, Brzeski M, Sturrock RD. Prevalence of
vertebral compression fractures due to osteoporosis in ankylosing
spondylitis. BMJ 1990;300:563-5.
19. Aufdermaur M. Pathogenesis of square bodies in ankylosing
spondylitis. Ann Rheum Dis 1989;48:628-31.
20. Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P,
Calin A. A new approach to defining disease status in ankylosing
spondylitis: the Bath Ankylosing Spondylitis Disease Activity
Index. J Rheumatol 1994;21:2286-91.
21. Calin A, Garrett S, Whitelock H, et al. A new approach to defining
functional ability in ankylosing spondylitis: the development of the
Bath Ankylosing Spondylitis Functional Index. J Rheumatol
1994;21:2281-5.
22. World Health Organization. Assessment of fracture risk and its
application to screening for postmenopausal osteoporosis. Report of
a WHO Study Group. WHO Technical Report Series No. 843.
Geneva: WHO; 1994:1-129.
23. Kalender WA, Felsenberg D, Louis O, et al. Reference values for
trabecular and cortical vertebral bone density in single and
dual-energy quantitative computed tomography. Eur J Radiol
1989;9:75-80.
24. van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic
criteria for ankylosing spondylitis. A proposal for modification of
the New York criteria. Arthritis Rheum 1984;27:361-8.
25. Bessant R, Keat A. How should clinicians manage osteoporosis in
ankylosing spondylitis? J Rheumatol 2002;29:1511-9.
26. Faulkner KG, Orwoll E. Implications in the use of T-scores for the
diagnosis of osteoporosis in men. J Clin Densitom 2002;5:87-93.
27. Reid DM, Nicoll JJ, Kennedy NS, Smith MA, Tothill P, Nuki G.
Bone mass in ankylosing spondylitis. J Rheumatol 1986;13:932-5.
28. Lee YS, Schlotzhauer T, Ott SM, et al. Skeletal status of men with
early and late ankylosing spondylitis. Am J Med 1997;103:233-41.
29. Speden DJ, Calin AI, Ring FJ, Bhalla AK. Bone mineral density,
calcaneal ultrasound, and bone turnover markers in women with
ankylosing spondylitis. J Rheumatol 2002;29:516-21.
30. Bikle DD, Halloran BP, Bikle DD. The response of bone to
unloading. J Bone Miner Metab 1999;17:233-44.
31. Liu CC, Theodorou DJ, Theodorou SJ, et al. Quantitative computed

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved.
1297

Karberg, et al: Bone loss in AS

Downloaded on July 6, 2022 from www.jrheum.org

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

tomography in the evaluation of spinal osteoporosis following
spinal cord injury. Osteoporos Int 2000;11:889-96.
Franck H, Keck E. Serum osteocalcin and vitamin D metabolites in
patients with ankylosing spondylitis. Ann Rheum Dis
1993;52:343-6.
Mitra D, Elvins DM, Collins AJ. Biochemical markers of bone
metabolism in mild ankylosing spondylitis and their relationship
with bone mineral density and vertebral fractures. J Rheumatol
1999;26:2201-4.
Marhoffer W, Stracke H, Masoud I, et al. Evidence of impaired
cartilage/bone turnover in patients with active ankylosing
spondylitis. Ann Rheum Dis 1995;54:556-9.
Toussirot E, Ricard-Blum S, Dumoulin G, Cedoz JP, Wendling D.
Relationship between urinary pyridinium cross-links, disease
activity and disease subsets of ankylosing spondylitis.
Rheumatology Oxford 1999;38:21-7.
Grisar J, Bernecker PM, Aringer M, et al. Ankylosing spondylitis,
psoriatic arthritis, and reactive arthritis show increased bone
resorption, but differ with regard to bone formation. J Rheumatol
2002;29:1430-6.
Falkenbach A, Herold M. Osteocalcin: a marker of disease activity
in ankylosing spondylitis? [letter]. Ann Rheum Dis 2002;61:92.
Lange U, Jung O, Teichmann J, Neeck G. Relationship between
disease activity and serum levels of vitamin D metabolites and
parathyroid hormone in ankylosing spondylitis. Osteoporos Int
2001;12:1031-5.
Lange U, Teichmann J, Stracke H. Correlation between plasma
TNF-alpha, IGF-1, biochemical markers of bone metabolism,
markers of inflammation/disease activity, and clinical mani
festations in ankylosing spondylitis. Eur J Med Res 2000;5:507-11.
Manolagas SC, Jilka RL. Bone marrow, cytokines, and bone
remodeling. Emerging insights into the pathophysiology of
osteoporosis. N Engl J Med 1995;332:305-11.
Centrella M, Horowitz MC, Wozney JM, McCarthy TL.
Transforming growth factor-beta gene family members and bone.
Endocrine Rev 1994;15:27-39.
Obermayer-Pietsch BM, Lange U, Taube G, et al. Vitamin D
receptor initiation codon polymorphism, bone density and
inflammatory activity in patients with ankylosing spondylitis.
Osteoporos Int 2003;14:995-1000.
Dawson-Hughes B, Harris SS, Krall EA, Dallal GE. Effect of
calcium and vitamin D supplementation on bone density in men
and women 65 years of age or older. N Engl J Med
1997;337:670-6.

44. Peacock M, Liu G, Carey M, et al. Effect of calcium or 25OH
vitamin D3 dietary supplementation on bone loss at the hip in men
and women over the age of 60. J Clin Endocrinol Metab
2000;85:3011-9.
45. Lips P, Graafmans WC, Ooms ME, Bezemer PD, Bouter LM.
Vitamin D supplementation and fracture incidence in elderly
persons: a randomized, placebo-controled clinical trial. Ann Intern
Med 1996;124:400-6.
46. Maksymowych WP, Jhangri GS, Fitzgerald AA, et al. A six-month
randomized, controlled, double-blind, dose-response comparison of
intravenous pamidronate (60 mg versus 10 mg) in the treatment of
nonsteroidal antiinflammatory drug-refractory ankylosing
spondylitis. Arthritis Rheum 2002;46:766-73.
47. Maksymowych WP, Lambert R, Jhangri GS, et al. Clinical and
radiological amelioration of refractory peripheral spondyloarthritis
by pulse intravenous pamidronate therapy. J Rheumatol
2001;28:144-55.
48. Maksymowych WP, Jhangri GS, LeClercq S, Skeith K, Yan A,
Russell AS. An open study of pamidronate in the treatment of
refractory ankylosing spondylitis. J Rheumatol 1998;25:714-7.
49. Bessant R, Harris C, Keat A. Audit of the diagnosis, assessment,
and treatment of osteoporosis in patients with ankylosing
spondylitis. J Rheumatol 2003;30:779-82.
50. Clegg DO, Reda DJ, Abdellatif M. Comparison of sulfasalazine and
placebo for the treatment of axial and peripheral articular
manifestations of the seronegative spondylarthropathies: a
Department of Veterans Affairs cooperative study. Arthritis Rheum
1999;42:2325-9.
51. Braun J, Lemmel EM, Manger B, Rau R, Sorensen H, Sieper
J. Therapy of ankylosing spondylitis (AS) with radium chloride
(224SpondylAT). Z Rheumatol 2001;60:74-83.
52. Braun J, Brandt J, Listing J, et al. Treatment of active ankylosing
spondylitis with infliximab: a randomised controlled multicentre
trial. Lancet 2002;359:1187-93.
53. Allali F, Breban M, Porcher R, Maillefert JF, Dougados M, Roux C.
Increase in bone mineral density of patients with
spondyloarthropathy treated with anti-tumour necrosis factor alpha.
Ann Rheum Dis 2003;62:347-9.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved.
1298

The Journal of Rheumatology 2005; 32:7

Downloaded on July 6, 2022 from www.jrheum.org

