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Abstract

Öz

Objective: Osteopenia/osteoporosis and fractures are important
health problems in ankylosing spondylitis (AS). Although these
problems have been extensively investigated in young adult patients
with AS, data are limited in the elderly patients. The aim of this study is
to investigate the fracture risk and associated factors and frequency of
low bone mineral density (BMD) in the elderly patients with AS.

Amaç: Osteopeni/osteoporoz ve kırıklar ankilozan spondilitte
(AS) görülebilen önemli problemlerdir. Genç AS hastalarında bu
problemler yoğun olarak çalışılmışken, yaşlı AS hastalarında yeterli
veri bulunmamaktadır. Bu çalışmada, yaşlı AS hastalarında kırık riski
ve ilişkili faktörleri ve düşük kemik mineral yoğunluğu (KMY) sıklığını
araştırdık.

Methods: We enrolled 20 elderly patients (≥65 years) with AS and 21
age-sex matched controls. All patients fulfilled the modified New York
criteria for AS. Dual-energy X-ray absorptiometry was used for the
measurement of BMD and the Fracture Risk Assessment Tool for the
calculation of fracture risk. Demographic data, clinical characteristics
and radiographic features were recorded. Patients with conditions
associated with secondary osteoporosis and those with a history of
biologic agent use were excluded.
Results: The frequency of osteoporosis was 35% in the elderly patients
with AS and 4.8% in controls (p=0.034). The frequency of low BMD
(osteopenia and/or osteoporosis) was higher in patients with AS (14/20,
70%) than controls (8/21, 38%) at femoral neck (p=0.041), while there
was no significant difference at total hip and lumbar spine. The major
osteoporotic and hip fracture risk were similar between the patients
with AS and controls. C-reactive protein (CRP) was independently
associated with both major osteoporotic [odds ratio (OR): 0.969; 95%
confidence interval (CI) 95% 0.61-1.32; p=0.001] and hip (OR: 0.775;
95% CI 0.47-1.08; p<0.001) fracture risks in the patients with AS.

Yöntem: Bu çalışmaya 20 yaşlı (≥65 yaş) AS hastası ve 21 yaş/cinsiyet
olarak eşleştirilmiş kontrol grubu dahil edildi. Bütün AS hastaları
modifiye New York kriterlerini karşılamaktaydı. KMY ölçümü için
çift X-ışınlı absorpsiyometri, kırık riski hesaplanması için ise Kırık
Riski Değerlendirme Aracı kullanıldı. Hastaların demografik, klinik ve
radyografik özellikleri değerlendirildi.
Bulgular: Osteoporoz oranı yaşlı AS hastalarında %35, kontrol
grubunda ise %4,8 idi (p=0,034). Düşük KMY (osteopeni ve/veya
osteoporoz) oranı AS hastalarında (14/20, %70) femur boyun
bölgesinde, kontrol grubuna (8/21, %38) göre daha yüksek iken
(p=0,041), lomber vertebra ve total kalça ölçümlerinde anlamlı fark
görülmedi. Majör osteoporotik ve kalça kırık riski her iki grupta da
benzer idi. C-reaktif protein (CRP), yaşlı AS hastalarında hem majör
osteoporotik [odds oranı (OR): 0,969; %95 güven aralığı (GA) 0,611,32; p=0,001] hem de kalça kırık riski (OR: 0,775; %95 GA 0,471,08; p<0,001) için bağımsız bir risk faktörüydü.

Conclusion: Low BMD was more common in the elderly patients with
AS compared to controls. High CRP was an independent predictor of
10-year fracture risk. Effective preventive strategies for fractures should
be determined in the elderly AS patients with high CRP.

Sonuç: Düşük KMY yaşlı AS hastalarında kontrollere göre daha sıktı.
CRP, 10 yıllık kırık riskinin bağımsız bir risk faktörü olup, yüksek CRP’li
yaşlı AS hastalarında kırıklar için etkin önleyici stratejilerin geliştirilmesi
gereklidir.
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Introduction
Ankylosing spondylitis (AS) is a potentially disabling,
chronic inflammatory disease of the spine and sacroiliac
joints, usually presenting with inflammatory back pain.
[1]
The onset of signs and symptoms are generally in the
third decade of life and men are more commonly affected.
[2,3]
In progressive disease, the fusion of spine, which results
in bamboo spine, can be observed. AS has many comorbid
diseases and extraarticular manifestations including
psoriasis, uveitis, inflammatory bowel disease, ischemic
heart disease, conduction defects and amyloidosis.[4] In
addition, osteoporosis and increased fracture risk are other
two conditions which are frequently observed in AS.[5-7]
Osteoporosis is a skeletal disease characterized by low bone
mass, microarchitectural deterioration, decreased skeletal
strength and increased risk of fractures.[8] The diagnosis of
osteoporosis is based on bone mineral density (BMD) which
is measured by dual-energy X-ray absorptiometry (DEXA).
[9]
Previous studies showed a significantly increased risk of
vertebral fractures in AS, whereas the increase in risk of hip
fracture was not significant.[10-12] Low BMD and osteoporosis
which may be due to chronic inflammatory process are the
main determinants of bone fragility, but their precise role on
fracture risk in AS still needs to be established.
All fractures are burdensome associated with pain,
disability, decrease in quality of life, physical and social
function, need for assistance care and high financial cost.[13,14]
Fractures may lead to many complications according to their
location. Vertebral fractures may lead to hyperkyphosis,
severe neurologic complications and mortality in patients
with AS.[15,16] Hip fractures generally require hospitalization
and are associated with increased mortality.[17] Therefore,
the evaluation of fracture risk in AS will improve the
management of the disease. The Fracture Risk Assessment
Tool (FRAX) has been developed to calculate fracture risk
of patients. Fractures are more challenging for the elderly
population due to age-related problems and increased
comorbidities. Although AS is more prevalent in young
populations, AS becomes an important health issue in the
elderly population with better management and increase in
the aging population. To the best of our knowledge, studies
evaluating the fracture risk in the elderly patients with AS
were not published previously. In this study, we aimed to
investigate the fracture risk which was predicted by FRAX
tool and associated factors in the elderly patients with AS.

Materials and Methods
Patients and Study Design
We retrospectively reviewed the medical records of
patients with AS who were followed at the outpatient
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tertiary rheumatology clinic between January 2016 and
January 2020. Inclusion criteria were fulfilling the New
York criteria for AS,[18] the presence of DEXA measurement
of BMD for total hip, femoral neck and lumbar spine, and
being ≥65 years of age at the time DEXA scanning. History
of fragility fracture, previous treatment with biologic
agents and bisphosphonates prior to DEXA measurement,
hyperparathyroidism, diabetes mellitus, chronic renal
diseases (glomerular ﬁltration rate <60 mL/min/1.73 m2
or renal damage longer than 3 months), a previous history
of glucocorticoid treatment (equivalent of ≥5 mg/day
prednisolone) longer than 3 months prior to DEXA or use
of any dose glucocorticoid at the time of DEXA scanning,
having any comorbidity which was defined in FRAX
tool as a risk factor of secondary osteoporosis including
osteogenesis imperfecta, hyperthyroidism, hypogonadism,
premature menopause (<45 years), chronic malabsorption
or malnutrition and chronic liver disease were exclusion
criteria. Twenty patients with AS were eligible for our study.
We recruited 21 suitable consecutive controls that applied
the outpatient geriatric clinics, and all of them had DEXA
scanning of total hip, femoral neck and lumbar spine and
none of them had any comorbidity leading to secondary
osteoporosis.
Demographic, clinical and laboratory characteristics
of patients, including gender, age, smoking status,
alcohol consumption, time from diagnosis, medications,
comorbidities, HLA B27 status, vitamin D, creatinine
and alanine aminotransferase levels at the same day or in
the previous 1 month (if which one is available) of DEXA
scanning, were recorded. We also recorded the median
scores of Bath Ankylosing Spondylitis Disease Activity
index (BASDAI), Bath Ankylosing Spondylitis Disease
Functional index (BASFI), Bath Ankylosing Spondylitis
Disease Metrological index (BASMI) and median levels
of erythrocyte sedimentation ratio (ESR) and C-reactive
protein (CRP) in the previous one year of DEXA scanning.
If patients had any infection, the concomitant CRP and
ESR tests were excluded. This study was approved by Gazi
University Ethical Committee (approval no: 2019-280),
and it was conducted in accordance with the 1975 Helsinki
Declaration. Informed consent was obtained from all
participants.
Radiological Assessment
Bilateral cervical and lumbar radiographs were used
for the evaluation of syndesmophytes and calculation of
the modified Stoke Ankylosing Spondylitis Spinal score
(mSASSS). Sacroiliitis sum score (SSS) (range 0-8) was
calculated as the sum of the left and right sacroiliac joint
grades on plain radiographs in accordance with the

modified New York criteria.[18] The time difference between
radiographs and DEXA scanning was ranged from 1 to 9
months.
Measurements
Assessment

of

BMD

and

Fracture

Risk

BMD of total hip, femoral neck and lumbar spine
(anterior-posterior, L1-L4) were measured using DEXA
scanner. All measurements were performed on two machines
which had the same brand (Hologic Horizon WI Bone
Densitometer, USA). T-score and/or g/cm2 were used for
the expression of BMD. The World Health Organization
diagnostic criteria were used for the definition of normal
BMD (T-score ≥-1 standard deviation), osteopenia (-2.5<
T-score <-1.0) and osteoporosis (T-score ≤-2.5).[19,20] The
T-score was derived using the Third National Health and
Nutrition Examination Study (NHANES III) data.[21] We
defined low BMD as a T-score ≤-1.0, which includes both
osteopenia and osteoporosis.
The FRAX is an internet based tool (available from:
http://www.shef.ac.uk/FRAX) that calculates the 10-year
probabilities of major osteoporotic fracture (hip, clinical
vertebral, wrist or humerus) and hip fracture. FRAX score
is calculated from following risk factors; age, sex, body
mass index (BMI), previous fragility fracture, current
smoking status, history of parental hip fracture, alcohol
use, glucocorticoid use, rheumatoid arthritis, secondary
osteoporosis (type I diabetes, osteogenesis imperfecta,
untreated long-standing hyperthyroidism, premature
menopause, hypogonadism, malabsorption, chronic
malnutrition and chronic liver disease). The femoral neck
is the only validated skeletal region for use with FRAX and
can be used optionally in FRAX to increase fracture risk
prediction.[22] A Turkish FRAX model is currently available.
In our study, FRAX tool was used for the calculation of
probability of osteoporotic fracture. BMD of femoral neck
which was expressed as T-score was also used in FRAX.
Statistical Analysis
The numerical variables were investigated by using
visual (histograms, probability plots) and analytical
methods (Shapiro-Wilk’s test) for evaluating the normality
of distribution. Categorical variables were presented as
numbers and percentages, and continuous variables were
presented with mean ± standard deviation or median
[interquartile range (IQR)] according to their normality
distribution, respectively. The chi-square test or Fisher’s
Exact test, where appropriate, was used to compare
categorical variables in different groups. Group comparisons
for continuous variables were performed by the Student’s

t-test or Mann-Whitney U tests according to normality
distribution. The Pearson/Spearman correlation coefficients
were used to determine the relationship between variables
that potentially affected hip and major osteoporotic fracture
risks. In the multiple linear regression models, in which the
predictor factors for hip and major osteoporotic fracture
risks were assessed, sacroiliac sum score, CRP, and BASFI
were used as independent factors according to the results of
univariate analyses. The analyses were performed in SPSS
version 15 (IBM, SPSS, Chicago, IL, USA) software and the
statistical significance level was considered to be less than
0.05 for analyses.

Results
In this study, 20 elderly patients with AS (8 females
and 12 males) and 21 control subjects (7 females and 14
males) were included. Age, sex, educational status, BMI and
smoking habits were similar between two groups (p>0.05,
Table 1). The median (IQR) time from diagnosis was 27
(21-34) years. Two patients had a history of parenteral hip
fracture and 6 subjects from both patient group and control
group had hypertension.
The median (IQR) BASDAI, BASFI and BASMI scores
were 3.3 (2.3-5.3), 3.1 (2-4.2), 5.4 (4-6.4), respectively.
Seventeen (85%) patients were HLA B27 positive. Sixteen
patients (70%) had syndesmophytes and the median (IQR)
mSASSS score was 30 (14-43). The median (IQR) CRP level
was above normal range, 6 mg/L (0-5 mg/L). The median
(IQR) vitamin D levels of patients and control subjects were
21.5 (14.5-29) ng/mL and 20 (16-28) ng/mL, respectively
(Table 1). Among the patients with AS, 15 of them had a
vitamin D level <30 ng/mL. All patients were treated with
on demand non-steroidal antiinflammatory drugs and 6 of
them received sulfasalazine treatment.
At all sites, the ratio of low BMD (osteopenia/
osteoporosis) was more common in patients with AS, but
the only statistically significant difference of low BMD
between patients and controls was at femoral neck (Table
2). The ratio of total osteoporosis (a T-score ≤-2.5 standard
deviation at either the total hip, femoral neck or lumbar
spine) was 35% in the patients with AS and 4.8% in the
control group (p=0.034). In the patients with AS, the ratios
of osteoporosis for lumbar spine, femoral neck and total hip
were 25%, 20% and 10%, respectively. The BMD (g/cm2)
of lumbar spine, total hip and femoral neck was positively
correlated with BMI [(r=0.649, p=0.002), (r=0.731, p<0.001)
and (r=0.548, p=0.012), respectively]. When we compared
patients with and without syndesmophytes, the median
(IQR) lumbar spinal BMD was 1.001 (0.926-1.146) g/cm2 vs
0.807 (0.764-0.842) g/cm2, (p=0.006) and the median (IQR)
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Table 1. Demographic and clinical characteristics of patients with
ankylosing spondylitis (AS) and control subjects
Patients with
AS
(n=20)

Control
subjects
(n=21)

p-value

Table 2. Comparison of bone mineral density and fracture risk between
patients with ankylosing spondylitis (AS) and control subjects

Sex, male

12 (60)

14 (66.7)

0.66

Total hip T-score

Age, years

66 (65-69)

68 (65-73)

0.12

Low BMD†, n (%)

BMI (kg/m2), mean ± SD

26.4±4.7

27.8±3.5

0.28

Femoral neck T-score

Educational status

Patients
with AS
(n=20)

Control
subjects
(n=21)

p-value

9 (45)

4 (19)

0.074

14 (70)

8 (38)

0.041

11 (55)

7 (33)

0.162

4.3 (3.2-10.2)

3.4 (2.8-4.7)

0.095

1.3
(0.65-2.65)

0.8
(0.5-1)

0.097

Low BMD†, n (%)
0.38

Lumbar spine T-score

4-8 years

5 (25)

2 (9.5)

8-12 years

9 (45)

10 (47.6)

Low BMD†, n (%)

12-16 years

6 (30)

9 (42.9)

Smoking

6 (30)

4 (19)

10-year probability of major
osteoporotic fracture, median
(IQR)

0.33

Family history of fracture

2 (10)

0 (0)

0.23

Vitamin D levels (ng/mL)

21.5 (14.5-29)

20 (16-28)

0.98

10-year probability of hip fracture,
median (IQR)

ALT (U/L)

17.5
(10.5-20.5)

16
(14-18.5)

0.91

p<0.05 was considered statistically significant. BMD: Bone mineral density, IQR:
Interquartile range

Creatinine (mg/dL)

0.82±0.19

0.83 ± 0.16

0.73

†

Time from diagnosis (years)

27 (21-34)

-

-

Sacroiliitis sum score, median
(min-max)

6 (5-8)

-

-

Presence of syndesmophyte

14 (70)

-

-

30 (14-43)

-

-

17 (85)

-

-

mSASSS
HLAB27 positivity

3.3 (2.3-5.3)

-

-

BASFI

BASDAI

3.1 (2-4.2)

-

-

BASMI

5.4 (4-6.4)

-

-

ESR (mm/h)

27.5 (13-36)

-

-

CRP (mg/L)

6 (2.3-8.7)

-

-

Medication
NSAID, n

20

Sulphasalazine, n

6

Values given as median (interquartile range) or number (percentage), unless stated.
p<0.05 was considered statistically significant. ALT: Alanine aminotransferase,
BASDAI: Bath Ankylosing Spondylitis Disease Activity index, BASFI: Bath Ankylosing
Spondylitis Disease Functional index, BASMI: Bath Ankylosing Spondylitis
Disease Metrological index, BMI: Body mass index, CRP: C-reactive protein, ESR:
Erythrocyte sedimentation rate, Min: Minimum, Max: Maximum, mSASSS: Modified
Stoke Ankylosing Spondylitis Spinal score, NSAID: Non-steroidal antiinflammatory
drugs

lumbar spinal T-score was -0.850 (-1.475 to 0.500) vs -2.25
(-2.55 to -1.59), (p=0.019), respectively.
In the Spearman’s correlation analysis, 10-year
probability of hip fracture risk was negatively correlated
with BMI (r=-0.465, p=0.039) and positively correlated
with CRP (r=0.639, p=0.002) and SSS (r=0.554, p<0.011).
Ten year probability of major osteoporotic fracture was
negatively correlated with BMI (r=-0.698, p=0.001) and
positively correlated with BASFI (r=0446, p=<0.049) and
CRP (r=0.871, p<0.001) (Table 3). BASDAI was fairly
correlated with 10-year probability of major osteoporotic
fracture, but this correlation was not statistically significant.
In the multiple linear regression analysis, only CRP was
significantly associated with 10-year probability of major
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Low BMD includes osteopenia and/or osteoporosis

Table 3. Correlations of parameters with 10-year probability of hip and
major osteoporotic fracture
10-year probability of
hip fracture

r

10-year
probability
of major
osteoporotic
fracture

p-value

r

p-value

Age

0.256

0.276

0.180

0.448

Time from diagnosis

-0.217

0.358

-0.394

0.085

BMI

-0.465

0.039

-0.698

0.001

BASDAI

0.223

0.345

0.411

0.072

BASFI

0.230

0.329

0.446

0.049

BASMI

0.317

0.173

0.172

0.469

mSASSS

0.161

0.499

0.052

0.826

Sacroiliitis sum score

0.554

0.011

0.292

0.212

ESR

0.152

0.523

0.386

0.093

0.639

0.002

0.775

<0.001

-0.217

0.358

-0.097

0.685

CRP
Vitamin D

p<0.05 was considered statistically significant. BASDAI: Bath Ankylosing Spondylitis
Disease Activity index, BASFI: Bath Ankylosing Spondylitis Disease Functional index,
BASMI: Bath Ankylosing Spondylitis Disease Metrological index, BMI: Body mass
index, CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, mSASSS:
Modified Stoke Ankylosing Spondylitis Spinal score

osteoporotic [odds ratio (OR): 0.969; 95% confidence
interval (CI) 95% 0.61-1.32; p=0.001] and hip (OR: 0.775;
95% CI 0.47-1.08; p<0.001) fracture risks (Table 4).

Discussion
In this study, we investigated the low BMD, fracture
risk and factors associated with fracture risk in the elderly
patients with AS. To our knowledge, this is the first study
which assessed the fracture risk by using FRAX tool in the
elderly patients with AS.
The rate of low BMD between patients with AS and
control group was different according to the site of DEXA

Table 4. Variables associated with 10-year probability of major
osteoporotic and hip fracture
Variables

Major osteoporotic fracture
risk†
OR

CRP
SSS
BASFI

0.969
0.325

95% CI
0.61 to 1.32
-0.56 to 1.21

p-value
0.001
0.448

Hip fracture risk‡
OR

95% CI

p-value

0.775

0.47 to
1.08

<0.001

0.398

-0.60 to
1.40

0.413

-

-

-

p<0.05 was considered statistically significant. BASFI: Bath Ankylosing Spondylitis
Disease Functional index, CI: Confidence interval, CRP: C-reactive protein, OR: Odds
ratio, SSS: Sacroiliitis sum score
R : 0.739

† 2

R : 0.639

‡ 2

scanning. At lumbar spine and total hip, there was no
significant difference, while at femoral neck, patients with
AS had a higher ratio of low BMD. The indifference of low
BMD at lumbar spine may be related to structural features.
Structural damage, such as periosteal bone formation and
syndesmophytes, may affect DEXA measurements in the
elderly patients with longstanding disease[23] and as a result,
a high BMD may be measured by DEXA in spite of the
presence of low BMD. In our study, the higher scores of
BMD in patients with syndesmophytes versus without
syndesmophytes also support this hypothesis. Another factor
may be related to technical factors. In a recent study, BMD
of lumbar spine was compared between posterio-anterior
(PA) and lateral projections of DEXA and lateral projection
detected more patients with low BMD than PA projection.
[24]
The similar proportion of low BMD at total hip between
patients and controls may also be related to structural
changes. In a study with a 5-year follow-up of patients with
AS, BMD decreased at the femoral neck while increased
at the total hip and lumbar spine both for lateral and AP
projections.[25] Hip joints are frequently involved extraaxial
joints[26] in AS and it may be postulated that arthritic changes
in long-term disease may interfere with DEXA measurement
of total hip. When we take into account the high structural
damage in the elderly AS patients with longstanding disease,
DEXA assessment of femoral neck may be better for the
evaluation of BMD.
The frequency of osteoporosis has been frequently
investigated in non-geriatric patients with AS. In a recent
meta-analysis, the range of total osteoporosis (hip and/
or spinal), femoral neck and lumbar spine osteoporosis in
patients with AS (range of mean age; 28 to 52 years) was
11.7-34.4%, 6.4-16.8% and 11.6-19.1%, respectively. In our
study, the ratio of total osteoporosis (hip and/or spinal) was
similar with the highest value of the range, while the ratio
of femoral neck and spinal osteoporosis was higher than
the ranges in their counterpart sites of this meta-analysis.

In addition, steroid use and comorbidities such as chronic
liver disease, kidney disease and inflammatory bowel disease,
which are important risk factors for osteoporosis, had been
reported in many studies of this meta-analysis.[27] Vitamin D
deficiency was also high (range: 26% to 76%) as in our study.
We observed that both patients with AS and controls had
low vitamin D levels, which may have important effects on
bone health. Therefore, vitamin D levels should be checked
regularly and appropriate supplementation should be given
in the elderly patients with AS.
The 10-year major osteoporotic and hip fracture risk
were higher in patients with AS, but it was not statistically
significant. In the elderly patients with AS, major
osteoporotic fracture risk was correlated with BASFI, BMI
and CRP, while hip fracture risk was correlated with CRP,
BMI and SSS. In the multilinear regression analysis, CRP
was the only parameter that was associated with both major
osteoporotic and hip fracture risk.
There are controversial data about the impact of BMI on
fracture risk. Traditionally, low BMI has been recognized as
an important risk factor for fragility fracture. This increased
risk may be related to many factors including low BMD,
increased fall risk due to muscle weakness and decreased
soft tissue that protect bones from impact forces.[28] In early
studies high BMI was protective against fragility fracture,[29-31]
but more recent studies suggest that higher BMI may be a
significant risk factor for fracture, especially at locations
other than hip.[32-34] In another study that investigated the
effect of BMI on fracture risk, no direct effect of BMI on
fracture risk was observed. The association between fracture
risk and BMI was largely mediated by femoral neck BMD in
both genders and without BMD, the contribution of BMI
to fracture prediction was low.[35] In our study, BMI was
positively correlated with BMD of all sites including femoral
neck, but in multivariate analysis, there was no significant
association between BMI and 10-year major osteoporotic
and hip fracture risk.
CRP is an acute phase reactant that increases during
systemic inflammation. CRP has a good correlation with
BMD.[36,37] Under inflammatory conditions, IL-6 and tumor
necrosis factor alpha related osteoclastogenesis may lead
to generalized osteoporosis.[38] In our study, high CRP was
significantly associated with both major osteoporotic fracture
and hip fracture risk. This significant association shows the
important impact of ongoing systemic inflammation on
fracture risk. Therefore, the elderly AS patients with high
CRP should be followed carefully for fracture risk and if
patients are also clinically active in addition to high CRP,
by considering risk-benefit ratio, more intensive treatment
may be postulated to decrease fracture risk in this age group.
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Sacroiliitis also has an effect on BMD and fracture risk.
Severity of sacroiliitis was associated with major osteoporotic
and hip fracture risk in axSpA patients with low BMD.[39,40]
Sacroiliitis reflects the cumulative inflammation of disease.
In our study, we used SSS which scores the severity of
radiographic sacroiliitis. In correlation analysis, SSS was
correlated with hip fracture risk, but in multivariate analysis,
SSS was not significantly associated with hip fracture.
Study Limitations
Our study has some limitations. The number of patients
was relatively low. There are many reasons for low number
of patients. First, the prevalence of AS is highest at the ages of
30-39 years and the prevalence decreases with age; therefore,
the elderly patients with AS constitute a small proportion
of AS cases.[41] Second, AS patients had a long duration of
disease and some of them had used corticosteroids (mostly
due to misdiagnosis of other rheumatologic disease such
as rheumatoid arthritis) and biologic agents were excluded
from the study. Third, when we consider the advanced age
of patients, some of them had comorbid diseases that might
affect BMD and were also excluded. Another limitation is
related to FRAX tool. Although FRAX includes RA as a risk
factor in the calculation of fracture risk, AS is not included
in the calculation. The prevalence of osteoporosis in AS
seems to be high; therefore, FRAX may underestimate the
fracture risk in AS. In addition, the time from diagnosis
was negatively correlated with the risk of fracture risk, this
situation may be related to the exclusion of patients with
fractures, who might have a longer duration of diagnosis.

Conclusion
The prevalence of low BMD was high among the elderly
patients with AS and high CRP levels were a significant
risk factor for both major osteoporotic and hip fractures.
We recommend further research for the definition of other
risk factors for osteoporosis and osteoporotic fractures and
improvement of strategies for fracture prevention in the
elderly AS patients with high CRP.
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