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Abstract The objective of this study was to determine
bone mineral density (BMD) distribution in ankylosing
spondylitis (AS) using quantitative computed tomogra-
phy (QCT), to study bone turnover and anterior pitui-
tary and gonadal hormonal axis in AS, and to look for
correlations between BMD, bone remodeling markers
and gonadal and anterior pituitary hormones. Forty-
three male consecutive patients with AS were enrolled
prospectively [mean (SD) age of 36.4 (11.3) years (range:
17-67) and mean disease duration of 6.8 (5.2) years
(range: 0.4-19)]. Spine BMD was measured in all pa-
tients by QCT, and the results were compared to 29 male
patients undergoing lumbar CT scan for sciatica. Bone
turnover and anterior pituitary and gonadal axis were
assessed in 29 patients, and the results were compared to
30 male healthy blood donors. The mean (SD) BMD
was 127.7 mg/cm?® (48.9) (range: 8.8-265.7) and 152.1
(25.3) (range: 34.2-190.4) in patients and controls,
respectively (p=0.018). Patients had lower serum levels
of osteocalcin and higher levels of serum testosterone,
luteinizing hormone (LH), and prolactin than controls
with a significant statistical difference. There was a po-
sitive significant statistical correlation between BMD
and chest expansion, Schober’s test, C7-wall distance,
and negative significant statistical correlation with age,
disease duration, Bath Ankylosing Spondylitis Metrol-
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ogy Index (BASMI), Bath Ankylosing Spondylitis
Radiology Index (BASRI), and serum prolactin. No
correlation was observed between bone turnover
parameters and AS symptomatic and structural severity
indexes. BMD is lower with increasing age and late and
severe disease. Decreased bone formation with normal
resorption and increased levels of serum prolactin may
be involved in its pathophysiology.
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Introduction

Ankylosing spondylitis (AS) is a chronic rheumatic
disorder affecting with predilection young males and
characterized by inflammation of the enthesis (especially
of the axial skeleton) and sometimes the joints, which
may lead to ankylosis [1-5]. Extra-articular manifesta-
tions may involve in particular the eyes, heart, gut, and
lungs [6, 7]. Osteoporosis (OP) has been described in AS
even in early stages of the disecase and may be respon-
sible for vertebral fractures, especially late in the course
of the disease [8—12]. Fractures of the spine occur with
relatively minor trauma and are associated with sub-
stantial mortality and neurological morbidity [13-16].
The severity of this OP has been difficult to characterize
using older bone mineral density (BMD) measurement
techniques. Single photon BMD studies failed to show
appendicular OP. Dual energy X-ray absorptiometry
(DXA) studies revealed loss of BMD of the vertebrae in
early disease but not in advanced disease. DXA is a safe
and accurate tool to measure BMD at different skeletal
sites. However, it provides information on bone mineral



content (g) using a single projection and the content is
adjusted to the area of the visualized vertebral bodies to
give an estimate of apparent areal density (g/cm?). As a
consequence, the lumbar spine BMD increases with the
disease duration, which was explained by the appearance
of syndesmophytes following advanced enthesopathy
and interapophyseal joint and interpedicular ankylosis.
By contrast, quantitative computed tomography (QCT)
permits assessment of BMD of purely trabecular com-
ponents of vertebral bone, independent of the cortical
shell, the lateral or posterior element, or calcification
artefacts. Therefore, QCT remains the only method able
to accurately assess spine OP in patients with advanced
AS [17, 18].

However, the mechanism and etiology of this OP are
still controversial. The study of bone turnover parameters
also led to controversial results and it has still not been
clarified whether this OP is related to increased bone
resorption, decreased bone formation, or both. Among
the multiple etiological factors suggested in AS OP, hor-
monal dysfunction especially of the gonadal axis has been
incriminated. It is also well known that several endo-
crinopathies may induce OP (e.g., hyperprolactinemia).
To test the hypotheses that patients with AS have a lower
BMD than normal and that this low BMD may be related
to hormonal dysfunction, we carried out this study with
the objectives of determining BMD distribution in AS
using QCT, studying bone turnover and anterior pituitary
and gonadal hormonal axis in AS, and looking for cor-
relations between BMD, bone remodeling markers, and
gonadal and anterior pituitary hormones.

Material and methods
Patients

Consecutive male patients meeting the modified New
York criteria for AS [19] and attending our department in
a 1-year period were enrolled. Consent was obtained from
all patients. Exclusion criteria were liver and kidney dis-
eases, renal stones, diabetes, alcoholism, parathyroid and
thyroid diseases, and treatment with anticonvulsants.
Clinical assessment included demographic data [age,
gender, weight, height, body mass index (BMI: kg/m~)],
and duration of disease defined as the time between the
date of first symptoms and patient enrolment. Disease
symptomatic severity was measured by Schober’s index,
Bath Ankylosing Spondylitis Metrology Index (BASMI)
[20], Bath Ankylosing Spondylitis Functional Index
(BASFI) [21], and Bath Ankylosing Spondylitis Disease
Activity Index (BASDALI) [22]. Data on treatment with
nonsteroidal anti-inflammatory drugs (NSAIDs) and/or
steroids were collected.

BMD assessment

Vertebral trabecular BMD (mg/cm?) was determined for
the lumbar spine using QCT (Siemens Somatom, Sie-
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mens, Erlangen, Germany). Four scans of 10-mm
thickness were carried out through the L1-L4 vertebral
bodies at the midportions parallel to the end-plates.
Simultaneous pixel calibration was performed using a
mineral-equivalent reference phantom placed beneath
the patient during scanning. In our hands, short-term in
vivo coefficient of variation of BMD measurements in
young subjects is 1% (data not shown).

Radiological assessment

X-rays of the pelvis and lumbar spine were read by one
of us (AEM). Sacroiliitis and hip involvement were as-
sessed on anteroposterior pelvic X-rays and graded
respectively on New York and Bath Ankylosing Spon-
dylitis Radiology Index (BASRI) hip scales [23, 24].
Global spine radiological involvement was measured by
the Bath Ankylosing Spondylitis Radiological Score
(BASRI-spine) [25].

Biological assessment

Biological and clinical assessments were performed on
the same day. All samples were taken in the early
morning. Blood was collected in vacutainers without
additive. After centrifugation at 1500 g for 10 min, ser-
um was aliquoted and stored at —20°C. Serum concen-
trations of calcium, phosphorus, alkaline phosphatases,
serum albumin, and erythrocyte sedimentation rate
(ESR) were measured by standard methods. Serum
osteocalcin, crosslaps (C-telopeptide, CTx), parathyroid
hormone (PTH), total testosterone, estrogen, prolactin,
follicle-stimulating hormone (FSH), and luteinizing
hormone (LH) were measured in 29 patients and 30
controls using electrochemiluminescence on an Elecsys
2010 analyzer (Roche Diagnostics, Mannheim, Ger-
many).

Controls

The control group for BMD measurement consisted of
29 young male patients who underwent lumbar spine CT
scan for sciatica [mean age 36.2 (SD 10.7), range: 26-47]
and for biological exams of 30 young male blood donors
[mean age 35.9 (SD 10.2), range: 20-45]. The controls
were age matched to the patients. The exclusion criteria
were the same as for the patient group. None of them
had a history of inflammatory rheumatic disease or a
condition responsible for bone loss.

Statistical analysis
This cross-sectional study was conducted in different

steps. The first step consisted of the description of the
study population. In the second step, we compared
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BMD and biological data in patients and controls using
Student’s t-test as all data had a normal distribution. In
the third step, we looked for correlations between
BMD and age, disease duration, AS symptomatic and
structural severity parameters, and biological data
using Pearson’s correlation coefficient. Results were
considered to be significant when p values were less
than 0.05.

Results

Forty-three male patients were recruited. Results are
expressed as mean (SD) and range. The mean age of the
study population was 36.4 (11.3) years (range: 17-67)
and the mean disease duration was 6.8 (5.2) years (range:
0.4-19). Demographic, clinical, and radiological vari-
ables for the 43 patients are shown in Table 1. All pa-
tients had AS without an associated condition. None of
the patients had taken steroids in the 6 months before
the study.

The mean (SD) BMD was 127.7 mg/cm® (48.9)
(range: 8.8-265.7) and 152.1 (25.3) (range: 34.2-190.4) in
patients and controls, respectively (p=0.018) as shown
in Fig. 1. No differences between patients and controls
were observed in serum calcium, phosphorus, creatinine,
albumin, PTH, CTx, estrogen, FSH, and urinary cal-
cium. Patients had lower serum levels of osteocalcin and
higher levels of serum testosterone, LH, and prolactin
than controls with a significant statistical difference
(Table 2).

There was a positive significant statistical correlation
between BMD and chest expansion, Schober’s test, C7-
wall distance, and negative significant statistical corre-
lation with age, disease duration, BASMI, BASRI, and
serum prolactin (Table 3). No correlation was observed
between bone turnover parameters and AS symptomatic
and structural severity indexes.

Discussion

Our study confirms that a high proportion of patients
with AS have lumbar spine low bone mass. It showed

Table 1 Demographic, clinical, and radiological characteristics of
the study population (n=43)

Mean (SD) Range
Age (years) 36.4 (11.3) 17-67
Disease duration (years) 6.8 (5.2) 0.3-34
BMI (kg/m?) 22.5 (4.6) 15.4-35.3
Schober’s test (cm) 2.2 (1.4) 0-6
BASMI (0-10) 3.3 (2.6) 0-9
BASFI (0-100) 36.9 (25.2) 0-80
BASDATI (0-100) 36.0 (23.6) 0-82
BASRI-spine (2-12) 5.5 3.1 2-12
BASRI-hip (0-4) 0.8 (1.7) 04
ESR (mm/h) 31.4 (27.1) 2-104
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Fig. 1 Bone mineral density measurement using QCT in 43 patients
with AS and 29 controls

Table 2 Biological findings in patients and controls. Results are
expressed as means (SD)

Patients (n=29) Controls (n=30) p

Age (years) 36.8 (11.0) 35.9 (10.2) NS
Osteocalcin (ng/ml)  22.1 (8.3) 314 (11.2) 0.003
CTx (ng/ml) 0.48 (0.2) 0.42 (0.1) NS
PTH (pg/ml) 28.6 (15.2) 27.7 (11.5) NS
Prolactin (¢1U/ml) 295.7 (156.3) 210.7 (85.2) 0.027
Testosterone (ng/ml) 4.8 (2.1) 2.9 (1.8) 0.003
Estrogen (pg/ml) 35.1 (13.8) 31.7 (17.0) NS
FSH (uIU/ml) 5.6 (3.6) 4.4 (2.6) NS
LH (IU/1) 4.7 (2.4) 3.3 (1.5) 0.03

Table 3 Correlations between BMD measurement and clinical and
biological parameters

7 P

Age —0.45 0.002
Disease duration —0.38 0.02
Chest expansion 0.42 0.005
Schober’s test 0.38 0.013
C7-wall distance —0.41 0.007
BASMI —-0.42 0.005
BASFI —0.21 NS
BASDAI -0.27 NS
BASRI-spine —0.60 0.0001
Osteocalcin 0.19 NS
CTx —0.28 NS
Prolactin —0.54 0.008

that BMD is lower with increasing age and in patients
with late and severe disease. Our patients were young
adults with early disease (36 years old and 6 years of
disease duration on average), and this low BMD is a
relevant risk factor for fractures with increasing age. In
this study, none of our patients had vertebral compres-
sion fracture. However, only lumbar spine X-rays were
studied and were assessed without any morphometric
method as it has been done in some studies. In the lit-
erature, fracture frequency ranges from 0 to 19%. The
risk of spinal fracture is increased in long-standing AS
because the fused spine has often become osteoporotic
and is vulnerable to trauma. The risk of severe neuro-



logical impairment (and thus mortality) is related to the
site of the fracture.

In contrast with most of the studies on the same to-
pic, we used QCT to assess the lumbar spine OP. It is
now well established that DXA is not useful for evalu-
ating axial bone mass in patients with advanced AS as
BMD increases with the appearance of bridging syn-
desmophytes and facet joint and interpedicular ankylo-
sis. Our study demonstrated clearly that BMD is lower
in patients with higher BASRI-spine scores and confirms
that QCT is the best technique for assessing OP in pa-
tients with advanced AS as it has already been shown by
Devogelaer et al. [17] and Lee et al. [11]. QCT was
among the earliest BMD measurements to become
widely available for diagnostic and serial assessment of
OP. The technique has a good reproducibility (1-5%)
and may be performed using standard body CT scanners
[26]. However, high costs and particularly high radiation
dose (100-1000 mRem) are generally regarded as dis-
advantages.

Osteoporosis is now a well-recognized feature of AS.
One of us, using DXA, has already demonstrated evi-
dent OP and/or osteopenia in about half of a group of
patients with AS [27]. The follow-up of these patients
showed that loss of bone continued only in those with
persistent active disease [28] as has been communicated
by Gratacos et al. [29]. However, the etiology of this OP
is still the subject of discussion. The studies of bone
turnover parameters led to controversial results [30, 31].
The noninvasive assessment of bone turnover has im-
proved markedly in the past few years with the devel-
opment of specific and sensitive markers such as serum
bone-specific alkaline phosphatase and osteocalcin for
bone formation and urinary excretion of bone type I
collagen degradation products: pyridinium crosslink
(pyridinoline and deoxypyridinoline)-associated pep-
tides for bone resorption [32, 33]. Recently, serum
C-telopeptide levels have been shown to be effective in
evaluating bone resorption. In our study, we used serum
osteocalcin to assess bone formation and serum CTx
levels to determine resorption. The results were in favor
of decreased bone formation with normal bone resorp-
tion.

Osteoporosis has been observed in other inflamma-
tory diseases, without steroid use, such as rheumatoid
arthritis [34, 35]. Moreover, significant statistical corre-
lations have been observed between bone remodeling
markers and inflammation, as assessed by ESR or
C-reactive protein (CRP). The inflammatory mediators,
several of which have a local or systemic action on bone
turnover, have been incriminated. Enthesis and synovial
inflammation in active AS may lead to the release of
cytokines [interleukin (IL)-1, IL-6, tumor necrosis factor
(TNF)] and nitric oxide, which have recently been shown
to induce OP in an animal model [36]. Recently, sub-
clinical gut inflammation was pointed out as a possible
participating factor in the pathophysiology of OP in AS
[37, 38]. Deficits in sex hormone secretion have been
suggested by some authors as a possible etiology, but
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our study revealed higher levels of testosterone in pa-
tients than in controls as was the case in several studies
[39-43]. Conflicting reports of testosterone levels in AS
have been published, and it seems that NSAIDs, espe-
cially phenylbutazone, may cause spurious elevation in
testosterone levels [44]. In our study, all of the patients
were using NSAIDs but no one was taking phenylbu-
tazone. It is fair to say that the present data in patients
with AS are too limited to suggest a role for androgens
in the pathophysiology of the OP observed in AS, but a
role in the initiation and the early stages of AS cannot be
excluded. Cross-sectional studies cannot clearly distin-
guish causal relation from secondary disease effects,
because blood sampling to test these hypotheses only
takes place many years after the onset of disease.

High serum levels of prolactin have never been
incriminated in the pathophysiology of OP in AS. Our
study suggests that it can play a role in bone loss in AS
as it was more frequently observed in patients than in
controls and was negatively correlated to BMD. None of
our patients used antipsychotics or had adenoma or any
condition able to explain the high levels of serum pro-
lactin. Hyperprolactinemia has been reported in Reiter’s
disease and other spondyloarthropathies [45]. In auto-
immune diseases, it is not clear whether prolactin has a
causal role or whether the elevation of prolactin in some
patients is a sort of stress response secondary to the
disease. It has been demonstrated that proinflammatory
stimulation of the central nervous system by circulating
cytokines or depressed mood can increase serum pro-
lactin [46—48]. The common denominator is increased
hypothalamic serotonin secretion which stimulates
pituitary prolactin release [49, 50]. Due to its many im-
munostimulatory effects in vivo and in vitro, this hor-
mone could play a proinflammatory role in autoimmune
diseases [51-56] and AS. Some reported positive effects
of prolactin antagonistic therapy with bromocriptine,
which may indicate that prolactin has a role for disease
modulation [57-60]. The cause of OP is most likely
multifactorial with contributions from genetics, inflam-
mation, medications, subclinical gut inflammation,
hormonal dysfunction, and limited mobility as the dis-
ease progresses.

In summary, our study confirms that patients with AS
have lower spine bone mass than age-matched controls.
This OP which is more pronounced in patients with ad-
vanced disease can be evaluated accurately only by QCT
in these types of patients. It also suggests that this OP may
be related to decreased bone formation rather than in-
creased bone resorption and points out the role of hy-
perprolactinemia in its pathophysiology. However,
further studies including larger series are needed to better
clarify the mechanisms of OP involved in AS.

Take home message

In AS, BMD is lower with increasing age and late and
severe disease. Decreased bone formation with normal
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resorption and increased levels of serum prolactin may
be involved in its pathophysiology.
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