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INTRODUCTION

Ankylosing spondylitis (AS) is a chronic inflammatory rheu-
matic disease with significant effects on patients’ physical 
function and psychological status.1,2 It has become increas-
ingly clear that psychological distress, such as depression or 
anxiety, is common in patients with including osteoarthritis,3 
lupus4 and rheumatic arthritis.5,6 Individuals with AS are more 
likely to be depressed than healthy individuals.7 Depression 
is a chronic, prevalent condition, and is a leading cause of dis-
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ability, affecting at least 120 million people worldwide.8 In a 
population based study, doctor-diagnosed depression was found 
to be increased 1.81 and 1.49 fold respectively in women and 
men with AS.9 It may be explained that AS is related to inflam-
mation of depression because it is an inflammatory disease. 
Depressed AS patients tended to have poor long-term out-
comes, including increased disease activity,10,11 fatigue,12 de-
creased functionality,13 sleep disturbances,14 impaired quality 
of life,15 and high medical costs.16 However, estimates of the 
prevalence of depression in AS patients varied across studies, 
from 3%17 to 66%.18 Such discrepancy could be explained by 
the differences in time frames when these studies were per-
formed, study quality, or tools used for assessing depression. 
It is important for rheumatologists to establish reliable esti-
mate of depression prevalence, in order to prevent, treat, and 
identify causes of depression in people with AS. Recent re-
views have suggested that depression was highly prevalent 
among people with rheumatoid arthritis,19 osteoarthritis,3 and 
systemic lupus erythematosus.20 Another systematic review 
found that the prevalence of neuropsychiatric damage in chron-
ic rheumatic diseases such as lupus has been significantly in-
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creasing over the past 5 decades.21 This finding is not surpris-
ing due to reduction in white matter and grey matter volumes 
in the very early stage of lupus.22 As yet no systematic review 
has provided pooled prevalence estimates of depression in AS. 
Our goal was to fill this gap. We aimed to 1) describe the 
pooled prevalence of depression in people with AS; 2) com-
pare depression prevalence and score in AS patients versus 
healthy controls; 3) explore the influence of study character-
istics on prevalence estimates.

METHODS

This systematic review was conducted according to the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) standard23 and followed a predeter-
mined registered protocol (PROSPERO: 42016052590).

Search strategy
The systematic literature search was conducted by two inves-

tigators independently through the PubMed, Embase, PsycIN-
FO, Web of Science, Cochrane database library, China Nation-
al Knowledge Infrastructure (CNKI), and Wanfang Database 
for pertinent studies published in English or Chinese from 
their inception to December 2016. The computer-based search-
es combined terms related to AS patients [(depress* or depress* 
disorder$ or affective disorder$ or mood disorder$ or adjust-
ment disorder$ or affective symptom$ or dysthymi*) AND 
(Ankylosing spondylitis or AS)] (Supplementary Material 1 
in the online-only Data Supplement). The search was restrict-
ed to studies in humans. In addition, the reference lists of all 
identified relevant publications were reviewed. Finally, where 
published information was unclear or inadequate, we contact-
ed the corresponding authors for more information.

Inclusion and exclusion criteria
Studies were eligible if they met the following criteria: 1) 

observational studies (cross-sectional and prospective stud-
ies) and baseline data of randomized controlled trials with or 
without a comparison group without AS; 2) depression was 
measured by self-reported symptom scales, physician/clini-
cian diagnosis, or structured clinical diagnostic interview. Ta-
ble 1 presented a full list of the eligible methods of detecting 
depression, alongside the numbers of participants assessed.

Studies were excluded if: 1) the study was not published as 
the full reports, such as case reports, commentaries, confer-
ence abstracts and letters to editors; 2) the study had a retro-
spective design; and 3) participants with depression at base-
line were not excluded for the analysis. 

 

Data extraction and quality assessment
Two trained investigators independently extracted data and 

assess quality of the studies included in this meta-analysis. Any 
disagreements in data extraction and quality assessment were 
resolved through discussion between the two investigators or 
adjudication with a third reviewer. We used a standardized form 
to record data on the authors, year of publication, country of 
study, participants, percentage of male participants, average 
age of participants, mean disease duration, criteria for detec-
tion of depression, and reported the prevalence or score of de-
pression. If duplicate publications from the same study were 
identified, we would include the result with the largest number 
of individuals from the study. Wherever possible, we extracted 
the number affected and not affected by depression in each 
sample (using the authors’ cut-off points for each outcome 
measure). If this was not available, we extracted the mean and 
standard deviation of the depression assessment scale. The 
investigators independently fulfilled the quality assessment 
using a modified version of the Newcastle-Ottawa Scale (NOS) 
in line with previous study.24 Studies were judged to be at low 
risk of bias (≥3 points) or high risk of bias (<3 points). 

Outcome measures
The outcomes of interest were major depression diagnosed 

with a structured clinical assessment [e.g., International Clas-
sification of Diseases (ICD)-10] or depression assessed with 

598 citations identified from 
electronic databases (Embase=36; 
PubMed=128; PsycINFO=23; 
Web of Science=236; Cochrane 
Library=35; CNKI=63; Wan Fang 
database=77)

132 duplicates were removed 
using endnote software

Not providing sufficient data 
to perform effect size analyses 

(N=28)

Not meeting the inclusion criteria: 
review articles, case report, 

subjects involved were not AS 
patients, or ineligible measurement 

of depression (N=407)

Titles and abstracts screened 
(N=466)

Full-text articles assessed for 
eligibility (N=59)

31 articles included in this 
meta-analysis

Figure 1. Search results and study selection.
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a validated assessment tool or screening measure [e.g., the Hos-
pital Anxiety and Depression Scale (HADS), Beck Depres-
sion Inventory (BDI)].

Statistical analyses
Three analyses were undertaken. First, we pooled studies 

reporting the prevalence of depression in the AS sample using 
a random-effects models.25,26 Second, we used a pooled rela-
tive risk (RR) analysis with random-effect model. Third, we 
conducted a pooled standardized mean difference (SMD) anal-
ysis to investigate differences between those with and with-
out AS. Statistical heterogeneity among studies was evaluated 
with I2 statistics with the values of 25%, 50%, and 75% respec-
tively denoted cut-off points for low, moderate and high de-
grees of heterogeneity.27 The influence of individual studies 
on the overall prevalence estimate was explored by serially 
excluding each study in a sensitivity analysis. Subgroup anal-
yses were planned by overall study quality, sample size, coun-
try of origin and publication year to explore the sources of 
potential heterogeneity. Finally, we used Pearson’s and Spear-
man’s correlation analyses to assess the association between 
variables and prevalence of depression in people with AS. 
Potential publication bias was evaluated with a funnel plot28 

and the Egger’s test.29 Statistical analyses were all conducted 
on Statistical analyses were all conducted on STATA version 
12.0 (Stata Corp, College Station, TX, USA).

RESULTS

Search results
A total of 598 citations were identified. After removal of 

duplicates, titles and then abstracts were screened for poten-
tial eligibility. From this, 59 were potentially eligible and con-
sidered in the full-text review. Twenty-eight articles were ex-
cluded; thus, 31 records met the eligibility criteria and were 
included (Figure 1), and a full reference list was shown in Sup-
plementary Material 2 (in the online-only Data Supplement). 
Inter-observer agreement (κ) between two investigators was 
0.89.

Study characteristics
Table 1 and 2 presented the characteristics of the included 

studies. Thirty-one eligible studies consisted of 8,106 patients 
were reported. Nineteen studies were conducted in Asia, 7 stud-
ies in Europe, 3 studies in Africa, and 1 study in South Amer-
ica. The mean age was 39.2 years, and the mean percentage 
of males represented in the sample was 75.9%. In addition, the 
mean number of participants per study was 261, and the mean 
disease duration was 10.64 years. Table 3 described the meth-
ods defined depression and the frequency of their use. Depres- Ta
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sion was assessed in 15 different ways. Thirteen studies as-
sessed for depression using the HADS; three different cut-off 
points were presented, the most commonly used being 8. Five 
studies assessed for depression using the 21 Item-BDI, with 
four different thresholds were presented in the articles. Six used 
the Zung Self-rating Depression Scale (SDS), and three used 
other screening tools. Three assessed for depression using 
structured interview (e.g., ICD). Supplementary Table 1 (in the 
online-only Data Supplement) summarized the quality assess-
ment using a modified version of the NOS, which indicated 
that 1 study received 5 points, 3 studies received 4 points, 6 stud-
ies received 3 points, 18 studies received 2 points, and 3 stud-
ies received 1 point.

Prevalence of depression among AS patients
Prevalence estimates of depression varied from 3% to 66% 

in individual studies (Table 1). The overall pooled prevalence 
of depression was 35% (95% CI, 28–43%), with high between-
study heterogeneity (I2=98.8%, p<0.001) (Figure 2). Table 3 
presented the summary of meta-analyses and heterogeneity 
assessments. Prevalence estimates ranged from 9% (95% CI, 
6–12%, I2=29.6%) according to the Hospital Anxiety and De-
pression Scale with thresholds of 11% to 49% (95% CI, 34–
60%, I2=0%) for the 21-Item Beck Depression Inventory with 
a cutoff of 14 or more. Prevalence of major depressive disor-
der to be 13% (95% CI, 6–20%) according to the structured 
interview, with high heterogeneity (I2=98.4%). 

Depression in AS versus non-AS cohorts
Eight studies included data on the prevalence estimates of 

depression for people with AS compared with those without 
AS. A pooled RR of 1.76 (95% CI: 1.21–2.55, n=3006) (Fig-
ure 3). Seven studies (n=549) presented data comparing de-
pression scores for people with AS compared with those with-
out AS. The depression score (SMD=0.43, 95% CI: 0.19–0.67) 
was higher in AS patients than in controls (Figure 4).

Sensitivity and subgroup analyses
Table 4 showed the prevalence estimates of depression ac-

cording to each sensitivity and subgroup analysis, in com-
parison with the primary analysis. Sensitivity analyses found 
that the exclusion of studies with less sample representative-
ness tended to decrease depression prevalence estimates ac-
cording to structured interview. The pooled SMD tended to 
decrease in AS patients verse controls by exclusion of studies 
only using male sample. The subgroup analyses were con-
ducted by sample size, overall quality, publication year, and 
country of origin. The results showed that studies with sam-
ple size <200 had higher depression prevalence estimates 
[52% (95% CI, 44–60%) vs. 42% (95% CI, 39–45%)] compared 
with primary analysis according to the HADS with thresh-
olds of 8, and higher pooled RR [3.72 (95% CI, 1.33–10.38) 
vs. 1.48 (95% CI, 1.06–2.06)] in AS patients verse controls 
compared with the studies with sample size ≥200. When eval-
uated by Newcastle-Ottawa Scale (NOS), studies with lower 
total overall quality scores yielded higher depression estimates 
[52% (95% CI, 41–63%) vs. 45% (95% CI, 28–62%)] accord-

Table 3. Methods of detecting depression and summary of prevalence and heterogeneity findings

Tool Definition/cutoff No. of studies No. of participants Prevalence, % (95% CI) Heterogeneity I2, %
HADS ≥7 2 252 40 (34–46) 0

≥8 8 1,158 42 (39–45) 91.1
≥11 3 627 9 (6–12) 29.6

21 Item-BDI ≥14 2 74 49 (34–60) 0
 >17 1 80 22 (13–32) -
≥25 1 52 14 (4–23) -
≥30 1 29 38 (20–56) -

Zung SDS  >41 1 60 43 (31–56) -
≥50 3 420 30 (15–44) 87.0
≥53 1 103 37 (28–46) -
NS 1 683 64 (60–68) -

Structured interview (e.g., ICD) 3 4,232 13 (6–20) 98.4
CES-D ≥16 1 64 39 (27–51) -
PHQ-9 ≥5 1 55 41 (28–54) -

≥10 1 55 15 (5–24) -
NS: not stated, HADS: Hospital Anxiety and Depression Scale, BDI: Beck Depression Inventory, SDS: Self-rating Depression Scale, ICD: In-
ternational Classification of Diseases, CES-D: Centre for Epidemiological Studies Depression Scale, PHQ: Patient Health Questionnaire
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ing to the HADS with thresholds of 8, and higher pooled RR 
[3.72 (95% CI, 1.33–10.38) vs. 1.48 (95% CI, 1.06–2.06)] 
compared with the studies with higher total overall quality 
scores. More recent publications and developing country 
tended to yield higher depression prevalence estimates ac-
cording to the HADS with a cutoff of 8 or more. There was no 
particular trend or pattern in any other sensitivity analyses or 
subgroup analyses.

Associated study variables
Pearson’s and Spearman’s correlation analyses were employed 

to examine the relationship between variables including pro-
portion of male participants, mean/medium age, mean/medi-
um disease duration, sample size, representativeness, compa-
rability, overall quality, country of origin, publication year, and 
the prevalence of depression. We found that small sample size 
(r=-0.45, p=0.016) and developing country (r=0.613, p=0.001) 
of the sample were significantly associated with increased de-

pression prevalence (Table 5). 

Assessment of publication bias
According to the Egger’s test, assessment of publication bias 

suggested significant publication bias in studies reporting de-
pression [Egger: bias=7.87 (95% CI: 4.77–10.97), p<0.001] 
(Supplementary Figure 1 in the online-only Data Supplement).

DISCUSSION

This is the first systematic review and meta-analysis on the 
prevalence of depression in AS. This study indicated that de-
pression were more prevalent in AS patients than in controls. In 
this study, the pooled prevalence of depression in AS patients 
is 35% and higher than other chronic medical illnesses such 
as asthma (27%),30 chronic obstructive lung disease (24.6%),31 
lupus (24%)20 and rheumatoid arthritis (15%).32 This meta-
analysis also revealed that small sample size and developing 
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Figure 2. Prevalence of depression in an kylosing spondylitis patients. 
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country of the studies conducted were significantly associat-
ed with increased depression prevalence, which might be ex-
plained that small studies often led to high prevalence esti-
mates, and people with low socio-economic status (SES) in 
developing country was associated with increased suscepti-
bility to depression.19 

Our sensitivity analyses indicated that depression preva-
lence estimates were relatively stable. Apart from the measure-
ment tool used to ascertain depression, study quality and study 
population had impacts on the estimates detected. Our sub-
group analyses found that variation in study sample size con-
tributed importantly to the observed heterogeneity in the data. 
Studies with sample size <200 had higher depression esti-
mates according to the HADS with a cutoff of 8 or more. Study 
quality might be a further explanation for the variance in prev-
alence estimates. Studies with lower total overall quality scores 
yielded higher depression estimates using the HADS with 
thresholds of 8. 

We used rigorous methods to conduct the review and a re-
producible, structured approach to data extraction and syn-
thesis. The gold standard method was diagnostic interviews 
using ICD criteria, which were often time consuming and ex-

pensive, therefore, it was not ideal for investigating patients in 
a busy hospital environment.33 Alternatively, self-report screen-
ing tools might be used. Although such self-reported ques-
tionnaires were quick and easy to complete and cheaper to use 
than diagnostic interviews in psychiatric practices, the differ-
ent scales and cutoffs used to define the presence or the ab-
sence of depression could vary.33 Such nature would lead to 
information bias and methodological heterogeneity when 
combining these data in a meta-analysis. It indicated that the 
rheumatologists should report prevalence at conventional 
cut-points, and screen for depression among AS patients ac-
cording to the social and cultural contexts of the rheumatol-
ogists and patients in clinical practice.

However, this study still had some limitations. Firstly, a sub-
stantial amount of the heterogeneity among the studies re-
mained unexplained by the variables examined. And there was 
inadequate data to conduct subgroup analyses according to 
variables of interest such as gender, disease duration and im-
pact of age. A better understanding of social and cultural con-
texts of AS patients may help elucidate some of the root causes 
of depressive symptoms. Secondly, the data were derived from 
studies that used different designs and involved different groups 
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Table 4. Impact of study characteristics on prevalence estimates for depression in AS: sensitivity and subgroup analyses

Prevalence estimates for depression in AS patients Prevalence of 
depression in AS 
patients versus 

control group (RR)

Scores of depression
in AS patients versus
control group (SMD)

HADS 
(≥8)

HADS 
(≥11)

Zung SDS 
(≥50)

Structured 
interview

Primary analysis 42 (39, 45)
I2=91.1%
8 studies
1,158 AS

9 (6, 12)
I2=29.6%
3 studies
627 AS

30 (15, 44)
I2=87.0%
3 studies
420 AS

13 (6, 20)
I2=98.4%
3 studies
4,232 AS

1.76 (1.21, 2.55)
I2=75.8%
8 studies

3,006 AS/9,925 control

0.43 (0.19, 0.67)
I2=64.7%
7 studies

549 AS/428 control
Sensitivity analyses

Excluding studies with less 
  sample representativeness

- - - 7 (0, 13)
I2=98.6%
2 studies
4,069 AS

- -

Excluding studies with less  
   comparable respondent and  
non-respondent comparability

45 (28, 62)
I2=91.3%
3 studies
759 AS

9 (5, 13)
I2=40.9%
2 studies
437 AS

- - - -

Excluding studies only using 
  male sample

45 (34, 56)
I2=87.0%
6 studies
948 AS

9 (6, 12)
I2=29.6%
3 studies
627 AS

30 (15, 44)
I2=87.0%
3 studies
358 AS

13 (6, 20)
I2=98.4%
3 studies
4,232 AS

1.85 (1.24, 2.75)
I2=64%

7 studies
2,906 AS/9,825 control

0.28 (0.13, 0.43)
I2=0%

5 studies
438 AS/340 control

Subgroup analyses

Sample size

<200 52 (44, 60)
I2=70.0%
7 studies
546 AS

11 (8, 15)
I2=0%

2 studies
279 AS

23 (14, 32)
I2=22.1%
2 studies
108 AS

- 3.72 (1.33, 10.38)
I2=87%

6 studies
432 AS/483 control

0.49 (0.22, 0.75)
I2=59%

6 studies
306 AS/310 control

≥200 - - - 7 (0, 13)
I2=98.6%
2 studies
4,069 AS

1.48 (1.06, 2.06)
I2=40%

2 studies
2574 AS/9442 control

-

Overall quality

<3 points (low quality) 52 (41, 63)
I2=79.4%
5 studies
399 AS

- 23 (14, 32)
I2=22.1%
2 studies
108 AS

- 3.72 (1.33, 10.38)
I2=87%

6 studies
432 AS/483 control

0.49 (0.22, 0.75)
I2=59%

6 studies
306 AS/310 control

≥3 points (high quality) 45 (28, 62)
I2=91.3%
3 studies
759 AS

9 (5, 13)
I2=40.9%
2 studies
437 AS

- 7 (0, 13)
I2=98.6%
2 studies
4,069 AS

1.48 (1.06, 2.06)
I2=40%

2 studies
2,574 AS/9,442 control

-

Publication year

2000s 32 (29, 32)
I2=0%

2 studies
675 AS

- - - - -

2010– 57 (52, 62)
I2=18.2%
6 studies
483 AS

9 (5, 12)
I2=41.7%
2 studies
538 AS

30 (8, 53)
I2=92.3%
2 studies
358 AS

7 (0, 13)
I2=98.6%
2 studies
4,069 AS

2.98 (1.47, 6.06)
I2=88%

7 studies
2,943 AS/9,865 control

0.43 (0.15, 0.70)
I2=70%

6 studies
481 AS/383 control
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of patients (e.g., different countries and years of publication), 
which might result in heterogeneity among the studies. Third-
ly, the analysis relied on aggregated published data, which 
might result in potential publication bias. 

CONCLUSIONS

One-third of people with AS experienced symptoms of de-
pression. Depression was more prevalent in AS patients than 
in controls. Further research is needed to identify effective 
strategies for preventing and treating depression among AS 
patients.
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The online-only Data Supplement is available with this ar-
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Supplementary Table 1. Results of newcastle-ottawa risk of bias assessment

Study ID Representativeness Size Comparability Outcome Statistics Total
Aissaoui 2012 0 0 0 1 1 2
Altan 2003 0 0 0 1 0 1
Anyfanti 2012 0 0 0 1 0 1
Arısoy 2013 0 0 0 1 1 2
Aydın 2016 0 0 1 1 1 3
Baysal 2011 0 1 0 1 1 3
Cakar 2007 0 0 0 1 1 2
Cooksey 2015 0 1 1 1 1 4
Demir 2013 0 0 0 1 1 2
Dhakad 2015 0 0 0 1 1 2
Dincer 2007 0 0 0 1 0 1
Durmus 2015 0 0 0 1 1 2
Ertenli 2012 0 0 0 1 1 2
Ersözlü-Bozkırlı 2015 0 0 0 1 1 2
Fallahi 2014 0 0 0 1 1 2
Günaydin 2009 0 0 0 1 1 2
Hakkou 2011 0 0 0 1 1 2
Healey 2009 1 1 1 1 1 5
Hyphantis 2013 0 0 0 1 1 2
Jiang 2015 1 1 0 1 1 4
Li 2013 0 1 1 1 1 4
Lian 2003 0 0 0 1 1 2
Martindale 2006 0 0 1 1 1 3
Meesters 2014 1 1 0 1 0 3
Ortancil 2010 0 0 0 1 1 2
Ozkorumak 2011 0 0 0 1 1 2
Rodríguez-Lozano 2012 0 0 0 1 1 2
Rostom 2013 0 0 1 1 1 3
Schneeberger 2015 0 0 0 1 1 2
Shen 2016 1 1 0 1 0 3
Xu 2016 0 0 1 1 0 2
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Supplementary Figure 1. Assessment of publication bias.


