
Systematic Review and Meta-Analysis Medicine®

OPEN
The association between ankylosing spondylitis
and the risk of any, hip, or vertebral fracture
A meta-analysis
Min Zhang, Master, Xiao-Mei Li, Bachelor, Guo-Sheng Wang, Master, Jin-Hui Tao, PhD,
Zhu Chen, PhD, Yan Ma, Bachelor, Xiang-Pei Li, Bachelor

∗

Abstract
Background: Ankylosing spondylitis (AS) is an inflammatory rheumatic disease and strongly associated with an increased risk of
fractures. A great proportion of patients with AS are suffering from sustaining fractures and the aim of this study is to evaluate and
quantify the association between the site of the fracture and AS by performing a meta-analysis.

Methods: A systematic literature search was performed on Medline database from 1966 to August 15, 2016 and Embase
database from 1980 to August 15, 2016. Studies were evaluated by 2 independent reviewers and quantitative estimates regarding
the association between ankylosing spondylitis and the risk of any, hip, or vertebral fracture were presented. After the heterogeneity
of selected studies was assessed by using Cochran I2 statistics, the random effect model was used to combine effect size.
Publication bias was measured by Egger and Begg’s regression tests.

Results: A total of 6 articles were involved in our study. The results of meta-analysis revealed that AS was strongly associated with
the risk of vertebral fracture (odds ratio [OR] = 4.25, 95% confidence interval [CI] = 1.07–7.42) and was not significantly associated
with the risk of any fracture (OR=2.00, 95%CI = 0.94–3.06) or hip fracture (OR=1.28, 95%CI =0.16–2.40).

Conclusion: In the present study, a general knowledge of the association between AS and the risk of 3 kinds of fractures were
presented, which could improve the ways of prevention of fracture in the patients with AS.

Abbreviations: AS = ankylosing spondylitis, BMD = bone mineral density, CI = confidence interval, HLA = human leukocyte
antigen, IBD = inflammatory bowel disease, NSAIDs = nonsteroidal anti-inflammatory drugs, OR = odds ratio, RA = rheumatoid
arthritis.

Keywords: ankylosing spondylitis, fracture, meta-analysis, vertebrae
[4]
1. Introduction

AS is a chronic inflammatory rheumatic disease associated with
an increased risk of osteoporosis and fractures, and it mainly
affects axial skeleton, involvement of peripheral joints or extra-
articular structures.[1] The prevalence of AS is 0.1 to 1.4%
worldwide, and it is more common in Europe and Asia.[2] AS
appears more commonly in male subjects, with a male/female
ratio of 2:1.[3] The signs and symptoms of AS often appear
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gradually, with the peak age of onset between 20 and 30 years.
As the disease progresses, AS can also invade other body systems
accompanied by several other lesion such as heart disease,[5]

uveitis,[6] and chronic otitis media.[7] AS is one of the seronegative
spondyloarthropathies and the heritability of AS is estimated at
around 90%.[8] It is believed that the major gene association with
AS is human leukocyte antigen (HLA)-B27 with approximately
95% of patients positive for the gene.[9,10]

Increased risk of fracture is strongly related to AS and it is
reported that patients with AS have a fourfold fracture risk
compared with general population.[11,12] Chronic inflammatory
process is the main cause of loss of bone mass and bone erosions
in AS. According to the recent data, even patients with early
spondyloarthropathies have a low bone mineral density (BMD)
and a high prevalence of vertebral fractures.[13,14] Through a
chronic inflammatory process, AS can change the biomechanical
properties of the vertebrae, resulting in a structural damage of
bone and leading to an increased risk of vertebral fractures, even
from minor injury.[11,12,15]

Fractures of the vertebral body are accepted features in patients
withAS.According to the previous studies, the reported prevalence
rate of vertebral fractures is ranging from 10 to 43%,[14,16–18] and
the risk of vertebral fractures in the patients with AS is 2- to 8-fold
increased compared with the non-AS subjects.[19–21] AS is also
accepted as a great risk of hip fracture and the incidence of hip
fracture in AS patients is 30 to 50%.[22–24]

Meta-analysis could provide a powerful means of summarizing
the results from different studies. The present study aimed to
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conduct a systematic meta-analysis to evaluate the association
between the site of fracture and AS by reviewing the literature. In
this way, we can get a general knowledge of the overall fracture
condition of AS patients and improve the ways of prevention of
fracture in the patients with AS.
2. Materials and methods

This meta-analysis was conducted in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.[25] Our study did not involve any patient’s interven-
tion or information and ethical approval was not necessary.
2.1. Literature search strategy and study selection

Medline database was searched from 1966 to August 15, 2016
and Embase database was searched from 1980 to August 15,
2016 for case–control studies. All of the relevant studies were
performed using medical subject headings (MeSH) or free text
words. Fracture and ankylosing spondylitis were combined as
search terms. Studies were included in the meta-analysis if they
met the following criteria: (1) case–control design; (2) adult
population; (3) the independent variables of ankylosing spondy-
litis; (4) the outcome of interest was any, hip, or vertebral
fracture; (5) the risk estimates, such as odds ratios with 95% CIs,
were reported. Those studies that did not meet the inclusion
criteria were excluded during the initial review. Additionally,
reference lists of relevant studies were hand searched and all of
the studies that our search identified as relevant publications were
reviewed. Studies were evaluated by 2 independent reviewers and
quantitative estimates regarding the association between anky-
losing spondylitis and the risk of any, hip, or vertebral fracture
were presented. When there was uncertainty regarding any
points, a third reviewer was consulted and discrepancies between
their decisions regarding study inclusion and data interpretation
were resolved by arbitration, and consensus was reached after
discussion.
2.2. Data extraction

A standardized data collection form was used for extracting all
data. The discrepancies in judgment were resolved by discussion
and consulting the original articles. Data extracted from studies
that met the inclusion criteria were included: the first author’s last
name, publication year, country, recruitment time, size of study
population, participant sex and age, the number of cases,
ankylosing spondylitis/fracture ascertainment, the adjustment
variables, and the risk estimates with corresponding CIs for
categories of consumption variables. We extracted the ORs and
95%CIs that reflected the greatest degree of control for potential
confounders and used these values in our main analyses. A third
reviewer served to resolve disagreement regarding the abstracted
data.
Figure 1. Flow diagram for studies retrieved through the searching and
selecting processes.
2.3. Statistical analysis

ORs were used as the means of measuring association across
studies. For the meta-analysis, random-effects models were used.
The heterogeneity of selected studies were assessed by using
Cochran I2 statistics.[26] As suggested by Higgins et al,[27]I2

values of 25% were considered as low, 50% as moderate, and
75% as high. Publication bias was measured by Egger and Begg’s
regression tests. Stata 11 (StataCorp, College Station, TX) was
2

used to perform all of the analyses, and P< .05 was considered as
statistically significant.
3. Results

3.1. Study characteristics

A flow diagram of the study selection was shown in Figure 1.
After the initial identification of 231 articles, 205 were excluded
according to the title and abstract, and the full texts of 26 were
assessed for eligibility. Subsequently, 20 articles were excluded,
and the reasons for which were shown in Figure 1. Finally, a total
of 6 studies[19,20,28–31] were selected for the meta-analysis.
Table 1 showed the information of authors, publication year,
national sources, mean age, sex, study size, fracture site, disease
ascertainment, and adjustments of the 6 studies.

3.2. Meta-analysis of the association between the risk
of any fracture and AS

As shown in Figure 2, the 3 studies[19,29,31] were high
heterogeneous (I-squared=97.8%, P=.000) and the random
effects model was utilized to combine effect size. Overall, the
meta-analysis identified a significant association between the risk
of any fracture and AS from these 3 articles (OR=2.00, 95%,
CI=0.94–3.06). The Egger test (P< .1) and Begg’s test (P< .1)
exhibited publication bias in the study during the meta-analyses
for the association between the risk of any fracture and AS.

3.3. Meta-analysis of the association between the risk
of hip fracture and AS

As shown in Figure 3, the 3 studies[19,28,31] were high
heterogeneous (I-squared=92.2%, p= .000). The meta-analysis
identified a significant association between the risk of hip fracture
and AS from these 3 articles (OR=1.28, 95%, CI=0.16–2.40).
Publication bias was assessed by Egger’s test (P> .1) and Begg’s
test (P> .1) and no publication bias was found.

3.4. Meta-analysis of the association between the risk
of vertebral fracture and AS

As shown in Figure 4, the 5 studies[19,20,29–31] were high
heterogeneous (I-squared=92.8%, P= .000) and the random



Table 1

Characteristics of the prospective studies included in the meta-analysis.

Study Country Age, years Sex Study size Fracture site Disease ascertainment Adjustments

Prieto-Alhambra
et al[29]

Denmark Mean age: 43.44 Both 49,8617 Any, Vertebral Danish National Health
Service Registers

Fracture history, annual income, social
status, working status, educational
status, number of consultations to
general practitioners and practising
specialists, alcoholism and use of oral
NSAIDs and oral corticosteroids

Munoz-Ortego
et al[20]

Spain Mean age: 46.4 Both 38,820 Vertebral Identified medical
records

Age, gender, primary care practice, body
mass index, tobacco smoking, and
alcohol consumption.

Stoica and
Zugravu[30]

Romania Mean age 39.6 Male 73 Vertebral Medical and radiologically
records

NA

Prieto-Alhambra
et al[29]

Denmark NA NA 49,8617 Any, Hip,
Vertebral

Danish National Health
Service Registers

Oral corticosteroids, NSAIDs and strong
analgesics

Weiss et al[31] Sweden Median age:71 Both 42,3710 Any, Hip,
Vertebral

The Swedish National
Hospital Discharge
Register

NA

Vosse et al[19] UK >18 Both 463,556 Any, Hip,
Vertebral

Medical records Medications and illnesses, smoking, and
body mass index
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effects model was utilized to combine effect size. Overall, themeta-
analysis identified a significant association between the risk of
vertebral fracture and AS from these 5 articles (OR=4.25, 95%
CI=1.07–7.42). Publication bias was assessed by Egger’s test (p>
0.1) and Begg’s test (P>0.1) and no publication bias was found.
Figure 2. Forest plots of the risk of any fracture i

Figure 3. Forest plots of the risk of hip fracture in

3

4. Discussion

This meta-analysis aimed to systematically evaluate and
quantify the association between AS and the risk of any, hip,
or vertebral fracture. Our study reported that AS significantly
n patients with AS. AS=ankylosing spondylitis

patients with AS. AS=ankylosing spondylitis.
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Figure 4. Forest plots of the risk of vertebral fracture in patients with AS. AS=ankylosing spondylitis.
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increased the probability of vertebral fracture and the
association between AS and the risk of any fracture or any
fracture was not significant.
A great proportion of patients with AS are suffering from

sustained fractures especially vertebral fractures whichmay cause
acute pain, disability, and even mortality.[32] In a case–control
study of 53,108 patients with fractures using the Swedish
National Hospital Discharge Register, Weiss et al[31] concluded
that the risk of fractures was much higher in AS (OR=7.1) than
in rheumatoid arthritis (RA) (OR=2.7), with the largest increase
for vertebral fracture. Although the high risk of vertebral fracture
in patients with AS has been recognized, the prevalence of
vertebral fractures is quite variable in different studies, up to
30%. In addition, nonvertebral fractures also occur frequently in
patients with AS.[20,29] In a large-scale study based on Danish
health registries, a 35% increased risk of non-vertebral fractures
was found in patients with AS.[29] In a nested case–control study,
Vosse et al[19] found that the adjusted risk of any clinical fracture
was increased in patients with AS with a history of inflammatory
bowel disease (IBD) (OR 2.79; 95% CI 1.10 to 7.08), but was
decreased in patients with AS taking nonsteroidal anti-inflam-
matory drugs (NSAIDs) (OR 0.65; 95%CI 0.50 to 0.84), and the
risk for any fracture was not associated with back pain, psoriasis,
joint replacement therapy or use of sulfasalazine, indicating that
the risk of any fracture in patients with AS is worth attention.
In patients with long-term AS, loss of bone mass in both hips

and vertebrae owing to inflammation are well recognized[33]; in
parallel, the changes of biomechanical properties, such as spinal
rigidity, may reduce shock absorption and increase the fragility of
bone.[29] Both of the factors increase the risk of fractures, which
may have devastating consequences for patients with severe
AS.[34,35] Minor trauma is the main cause of sustained clinical
fractures, especially vertebral fractures,[36] for this reason,
patients should be assessed for fracture risk early after AS
diagnosis and education of the patients and their caregivers about
how to avoid spinal trauma is important.[37,38]

Imaging of the spine plays a crucial role in the management of
AS patients, allowing an early detection of vertebral fractures,
which can reduce the high rate of mortality andmorbidity in such
patients.[15] However, the diagnosis of vertebral fractures is still
challenged.[39] Vertebral fractures are often clinically overlooked
or misdiagnosed as the acute back pain from their usual
4

inflammatory pain even with the help of radiographs.
Delayed diagnosis may worsen prognosis, as vertebral fractures
are often unstable and require proper treatment in order to avoid
primary and secondary neurological injury.[15,41] It was reported
that more than 50% of vertebral fractures might be clinically
silent,[42] and in another study, Delmas et al[43] compared the
results of local reports of radiographs with a reference center of
2000 patients and they found that vertebral fractures were
misdiagnosed in 29 to 46% of them.
Meta-analysis is a systematic and quantitative analysis, which

combines the data collected from several independent studies on
the same problem and pools outcomes to gain an unbiased and
scientific conclusion. We have tried our best to avoid bias;
however, the present study still has some limitations that should
bementioned. Firstly, of the 6 available studies, the same research
sample was used in 2 studies,[28,29] although the data of the risk of
hip fracture was only included in the study[28] published in 2012.
Secondly, OR (95% CI) of vertebral fractures in S. Stoica’s study
was not adjusted, unlike the other studies in which OR (95% CI)
was adjusted according to several factors such as tobacco
smoking and body mass index.
Thirdly, publication bias may cause a disproportionate

number of positive studies and distort the meta-analysis,
however, the result of Egger test and Begg’s test (P< .1 in both
tests) suggested the possibility of publication bias in the study
during the meta-analysis for the association between AS and the
risk of any fracture.
In conclusion, this meta-analysis of published data revealed

that AS was associated with the risk of any, hip, or vertebral
fractures and AS was most closely related to vertebral fractures.
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