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Abstract

Background Ankylosing spondylitis (AS) is a chronic inflammatory disease associated with an increased risk

of metabolic syndrome (MetS), a cluster of cardiometabolic risk factors. However, the prevalence of MetS in AS
remains uncertain. This meta-analysis estimates the global prevalence of MetS in AS patients and identifies factors
contributing to its variability.

Methods A systematic search of PubMed, Scopus, Embase, and Web of Science was conducted for studies published
up to January 18, 2024. A random-effects model was used to estimate pooled prevalence, while meta-regression and
subgroup analyses explored sources of heterogeneity.

Results Seventeen studies meeting the eligibility criteria were included. The pooled prevalence of MetS in AS
patients was 15.5% (95% confidence interval [Cl]: 10.9-20.8%). The highest prevalence was reported in Africa (37.0%)
and the lowest in Asia (8.0%). Variability in AS diagnostic criteria influenced prevalence estimates, with the highest
MetS rates found in studies using the Assessment of SpondyloArthritis International Society (ASAS) criteria (37.0%).
Meta-regression identified significant associations between MetS prevalence and older age (3=0.04, P<0.01), higher
body mass index (3=0.09, P<0.01), triglyceride levels (3=0.01, P<0.01), waist circumference (3=0.03, P<0.01),
diastolic blood pressure (3=0.04, P=0.02) and disease activity, measured by the Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) (3=0.03, P=0.02). Erythrocyte sedimentation rate was significantly correlated with MetS
prevalence (3=0.01, P=0.04), while C-reactive protein was not (3 =-0.01, P=0.12).

Conclusion MetS is a prevalent comorbidity in AS, significantly influenced by inflammation, obesity, and disease
activity. Given its strong association with cardiovascular risk, routine metabolic screening should be incorporated
into AS management. Clinicians should adopt an integrated approach that includes lifestyle modifications, targeted
therapies, and careful cardiovascular risk assessment to mitigate long-term complications. Standardized diagnostic
criteria for MetS in AS are needed to improve risk stratification and patient outcomes.
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Introduction

Ankylosing spondylitis (AS) is a chronic inflammatory
disorder primarily affecting the axial skeleton, charac-
terized by pain, stiffness, and progressive spinal fusion
[1-3]. AS is classified under the spondyloarthropathies,
a group of diseases that also includes psoriatic arthritis,
inflammatory bowel disease-related arthritis, and reac-
tive arthritis [4—6]. While the primary clinical focus of
AS remains its musculoskeletal manifestations, emerg-
ing evidence has suggested that patients with AS are at
increased risk for comorbid conditions, including meta-
bolic syndrome (MetS), which can significantly impact
overall health and quality of life [7-10].

MetS, a cluster of interrelated risk factors such as
abdominal obesity, dyslipidemia, hyperglycemia, and
hypertension, is associated with an increased risk of car-
diovascular disease, type 2 diabetes, and stroke [11-13].
The relationship between AS and MetS is complex and
bidirectional, with inflammation, an essential feature
of AS, potentially influencing the development of MetS
components [14—17]. Furthermore, the sedentary life-
style, prevalent in patients with AS due to pain and
disability, may exacerbate the risk for metabolic distur-
bances [17, 18].

Recent studies have indicated a higher prevalence of
MetS in individuals with AS compared to the general
population [7, 8, 19]. However, the exact prevalence
of MetS in this cohort remains unclear, with different
studies reporting varying estimates due to differences
in population characteristics, diagnostic criteria, and
study methodologies [14, 20, 21]. This variability under-
scores the need for a comprehensive assessment of the
prevalence of MetS in AS patients to better understand
the burden of these comorbidities and guide clinical
management.

The purpose of this meta-analysis is to synthesize the
available data on the prevalence of MetS in patients with
ankylosing spondylitis. By pooling results from multiple
studies, this analysis aims to provide a more precise esti-
mate of MetS prevalence in this population and explore
potential factors that may contribute to its occurrence.

Methods

This meta-analysis was executed following the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines [22]. The study protocol was
registered on the International Prospective Register of
Systematic Reviews (Registration ID: CRD 42025640096).
The main objective of this analysis was to calculate the
global prevalence of MetS in individuals diagnosed with
AS by synthesizing data from multiple studies published
in peer-reviewed journals.
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Search strategy

A comprehensive and systematic search was performed
across databases including PubMed, Scopus, Embase,
and Web of Science, covering studies published up to
January 18, 2024. No restrictions were placed on the
language of publication. Keywords used in the search
included “Ankylosing Spondylitis,” “Spondylitis Anky-
losing,” “Bechterew’s disease,” “Axial Spondyloarthritis,’
“Metabolic Syndrome; “Metabolic Syndrome X, and
“Syndrome X In addition, relevant articles were identi-
fied by reviewing the reference lists of key studies. The
detailed search formula for each database is provided in
Table S1.

Study selection and eligibility criteria
For this meta-analysis, studies that evaluated the prev-
alence of MetS in patients with AS, or studies that
reported the raw number of patients with MetS and with-
out MetS in AS patients within their respective settings,
were considered eligible for inclusion. We excluded case
reports, review articles, editorials, and studies that did
not provide adequate data for comprehensive analysis.
Two independent reviewers screened the titles and
abstracts of all identified studies. Full-text assessments
were performed to verify the eligibility of the studies.
Disagreements between the reviewers were resolved
through discussion or consultation with a third reviewer.

Quality assessment

The studies included in the meta-analysis were indepen-
dently assessed for quality by two reviewers using the
Joanna Briggs Institute (JBI) Critical Appraisal Check-
list [23-25]. Any differences in their assessments were
resolved by involving a third reviewer to ensure a final
consensus.

Data extraction

Data were independently extracted from each study
using a standardized extraction form. The extracted data
included study characteristics (author, year, country),
demographic details (age, gender), diagnostic criteria
for AS and MetS, sample size, and prevalence estimates
for MetS and its individual components. If necessary,
the corresponding authors were contacted to obtain any
missing data or to clarify ambiguities in the reported
results.

Statistical analyses

All statistical analyses were conducted using STATA
software (version 18.0) to pool prevalence estimates. A
random-effects model was used to account for the antici-
pated heterogeneity between studies. Prevalence rates
with 95% confidence intervals (CIs) were reported as
percentages.
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The degree of heterogeneity was assessed using I* sta-
tistics, with values above 50% indicating substantial het-
erogeneity. Sensitivity analyses were performed to assess
the impact of each study by sequentially removing indi-
vidual studies.

To examine publication bias, funnel plots were visually
inspected. Egger’s and Begg’s tests were used to assess
publication bias, with a p-value of less than 0.1 consid-
ered indicative of significant bias.

Meta-regression analyses were conducted to explore
potential factors contributing to the heterogeneity
observed across studies, including variations in study
year and sample size.

Results

Study selection

A total of 658 records were identified through database
searches, including PubMed (n=52), Scopus (n=189),
Embase (#=252), and Web of Science (n=165). After
removing 299 duplicate records, 359 unique records
remained for screening. During the screening process,
273 records were excluded. The remaining 86 reports
were assessed for eligibility. Ultimately, 17 studies met
the inclusion criteria and were included in the final
review (Fig. 1).

Study characteristics

A total of 17 studies were included in this meta-analysis,
covering a diverse range of geographic regions, study
designs, and diagnostic criteria (Table 1). The sample
sizes of the included studies varied from 24 to 5,905 par-
ticipants, with total of 9,746 individuals diagnosed with
AS. The studies were conducted across multiple coun-
tries, including Turkey [26—29], Romania [30], Italy [19,
31], Morocco [32], Egypt [33], Norway [34], Taiwan [35,
36], China [8, 37], Brazil [7], Greece [38], and Thailand
[39].

In terms of diagnostic criteria, most studies employed
the Modified New York Criteria (MNYC) for AS clas-
sification, while some utilized the International clas-
sification of diseases, 9th 9evision, clinical modification
(ICD-9-CM) classification. The diagnosis of MetS was
based on different criteria, including national cholesterol
education program adult treatment panel III (NCEP-ATP
III), international diabetes federation (IDF)/ joint con-
sensus (JC), Chinese diabetes society (CDS), world health
organization (WHO), European group for the study of
insulin resistance (EGIR), and the harmonized definition,
contributing to some variability in prevalence estimates.
The detailed definition of each criterion is presented in
table S2.

The methodological quality of included studies
was assessed using the JBI Critical Appraisal Check-
list, with all studies meeting the inclusion criteria for
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methodological rigor. The quality of included studies is
presented in table S3.

Results of meta-analysis

Total prevalence of MetS in AS

The meta-analysis included 17 studies assessing the prev-
alence of MetS in patients with AS (Fig. 2). The pooled
prevalence of MetS in AS patients was 15.5% (95% CI:
10.9-20.8%), with substantial heterogeneity across stud-
ies (I* = 96.39%). The prediction interval analysis deter-
mined that the prevalence of MetS in patients with AS
ranges from 0.3 to 44.6% (Fig. 2.A). A sensitivity analy-
sis was conducted by systematically omitting each study
to evaluate the robustness of the findings. The results
demonstrated that the pooled prevalence remained con-
sistent, with no significant difference observed after the
removal of any individual study (Fig. 2.B). The Galbraith
analysis was also conducted in order to assess the influ-
ence of individual studies and identify any outliers that
could disproportionately affect the meta-analysis results
(Fig. 2.C).

Analyses based on sex revealed that the prevalence of
MetS in men with AS was 26.5% (95% CI: 21.1-32.3%),
with low heterogeneity (I* = 28.58%) (Fig. 2C), while in
women, the prevalence was 23.3% (95% CI: 9.1-40.9%),
with high heterogeneity (I* = 73.98%) (Fig. 2D).

Sex-based comparison of MetS in AS patients

The analysis indicated no significant difference between
men and women in the prevalence of MetS among
patients with AS (Fig. 3). The pooled odds ratio (OR)
for the association between sex and MetS was 1.16
(95% CIL: 0.30—4.44, P=0.78). Substantial heterogeneity
was observed across studies (I = 65.72%). The predic-
tion interval analysis revealed that the OR for sex differ-
ences in MetS in AS patients ranges from 0.05 to 26.72
(Fig. 3.A), highlighting the variability between studies.

A sensitivity analysis was conducted by systemati-
cally omitting each study to assess the robustness of the
findings. The pooled OR remained stable, with no sig-
nificant change after the removal of any individual study
(Fig. 3.B). The Galbraith analysis was performed to assess
the influence of individual studies and identify any out-
liers that might disproportionately affect the results.
The study by Akaltun, 2021, was identified as an outlier
(Fig. 3.C).

The contour-enhanced funnel plot did not suggest sig-
nificant publication bias, which was further confirmed
by the Egger’s test (p=0.61) and Begg’s test (P=0.80)
(Fig. 3.D). The trim-and-fill analysis did not impute any
studies (Fig. 3.E).
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Identification of studies via databases and registers

Records removed before screening:
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Fig. 1 Study selection process

Results of subgroup analysis

Subgroup analyses were conducted to explore sources of
heterogeneity in the prevalence of MetS among patients
with AS. Regarding geographical distribution, the high-
est prevalence of MetS was observed in Africa (37.0%;
95% CI: 23.0-53.0%), though this estimate was based
on a single study. In contrast, Asia reported the low-
est prevalence (8.0%; 95% CI: 5.0-13.0%), based on five
studies. In Europe, the pooled prevalence was 16.0%
(95% CI: 11.0%-21.0. A single study from South America

Y

e Wrong study design: (n=131)
e Wrong outcome: (n=29)
e Notrelated: (n=6)

Reports excluded:

e Non-English studies: (n =2)

e Lackof applicable data: (n =4)

e Studies that just mentioned
metabolic features: (n =27)

e Studies published as scientific
abstract: (n =22)

e Wrong study design: (n =3)

e Wrong papulation: (n =4)

e Notfind: (n=7)

estimated the prevalence at 27.0% (95% CI: 16.0—38.0%)
(Table 2).

The prevalence of MetS also differed based on the AS
definition criteria. Studies using the axial spondyloar-
thritis classification criteria (ASAS) criteria reported
the highest prevalence (37.0%; 95% CIL: 23.0-53.0%),
whereas those employing the ICD-9-CM classification
showed the lowest prevalence (3.0%; 95% CI: 2.0-3.0%).
The Modified New York criteria, the most frequently
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Fig. 2 A: Forest plot of the pooled prevalence of metabolic syndrome (MetS) in patients with ankylosing spondylitis. Overall prevalence of MetS in AS
patients. B: Sensitivity analysis showing the impact of omitting each individual study on the pooled prevalence estimate. C: Galbraith plot showing outlier

studies with disproportionate influence on the meta-analysis results

used classification, yielded a prevalence of 16.0% (95% CI:
12.0-22.0%) (Table 2).

In terms of MetS diagnostic criteria, studies employ-
ing the NCEP-ATP III definition reported a prevalence
of 20.0% (95% CI: 12.0-31.0%), while those using the IDF
criteria estimated a prevalence of 19.0% (95% CI: 12.0—
28.0%). Harmonized definition and CDS criteria yielded
an estimated prevalence of 13.0% (95% CI: 4.0-25.0%)
and 19.0% (95% CI: 12.0-27.0%) respectively (Table 2).

In terms of sex-based differences, the pooled preva-
lence of MetS in men with AS was 26.5% (95% CI: 21.1—
32.3%). In women, the prevalence of MetS was 23.3%
(95% CI: 9.1-40.9%)(Table 2).

The prevalence of MetS in AS patients also varied
across age groups. In the subgroup of patients aged
34-39.9 years, the prevalence was 9.0% (95% CI: 5.0—
14.0%). In patients aged 40-44.9 years, the prevalence
increased to 26.0% (95% CI: 20.0-32.0%), and for those
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Men  Women OR Weight OR
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Fig. 3 Analysis of Sex-Based Differences in MetS Prevalence Among AS Patients. A: Forest plot of the pooled result. B: Sensitivity analysis plot. C: Galbraith
plot. D: Contour-enhanced funnel plot. E: Trim-and-fill analysis

Table 2 Results of subgroup analysis

Variable Number of effect sizes Prevalence 95%Cl Tau2 12 H2
Continent Africa 1 037 0.23-0.53 0.00 - -
Asia 5 0.08 0.05-0.13 0.02 95.51 22.26
Europe 15 0.16 0.11-21 0.05 82.95 5.87
South America 1 0.27 0.16-0.38 0.00
AS definition ASAS 1 037 0.23-0.53 0.00 - -
ICD-9-CM 2 0.03 0.02-0.03 0.00 0.00 1.00
Modified New York criteria 18 0.16 0.12-0.22 0.06 85.75 7.02
Mets criteria (@) 1 0.19 0.12-0.27 0.00 —
EGIR 1 0.13 0.07-0.20 0.00 --- -
Harmonized definition/JC 2 0.13 0.04-0.25 0.04 84.05 6.27
IDF/JC 5 0.19 0.12-0.28 0.03 79.44 4.86
Internationally Recognized Standards 1 0.23 0.11-0.37 0.00
NCEP-ATP Il 8 0.20 0.12-0.31 0.09 87.74 8.15
WHO 1 0.13 0.07-0.20 0.00 - -
Gender Men 5 0.26 0.21-0.32 0.00 28.58 140
Women 6 023 0.09-0.40 0.11 73.98 3.84
Quiality score 10 3 0.07 0.003-0.20 0.11 99.53 213.26
9 4 0.18 0.01-045 033 93.56 15.74
8 13 0.16 0.12-0.21 0.03 7993 498
6 1 027 0.16-0.38 0.00 --- ---
4 1 0.13 0.08-0.20 0.00 - -
Age 34-399 13 0.09 05-0.14 0.06 96.38 27.62
40-44.9 6 0.26 0.20-0.32 0.01 46.52 1.87
Over 45 1 0.30 0.09-0.57 0.12 83.41 6.03

ASAS: Assessment of SpondyloArthritis International Society, NCEP/ATP Ill: National Cholesterol Education Program Adult Treatment Panel lll, IRS: Internationally
Recognized Standards, JC: Joint Consensus, IDF: International Diabetes Federation, WHO: World Health Organization, EGIR: European Group for the study of Insulin
Resistance, ICD-9-CM: International Classification of Diseases-Ninth Revision-Clinical Modification, CDS: Chinese Diabetes Society



Nayak et al. Diabetology & Metabolic Syndrome (2025) 17:158

over 45 years, the prevalence was 30.0% (95% CI: 9.0—
57.0%) (Table 2).

Results of meta-regression analysis

Meta-regression analysis was performed to investigate
potential sources of heterogeneity in the prevalence of
MetS among patients with AS. Several variables were
found to be significantly associated with MetS prevalence
(P<0.05) (Table 3).

Age was significantly associated with the prevalence
of MetS (=0.04, P<0.01), suggesting that older indi-
viduals with AS were more likely to have MetS (Fig. 4.A).
Similarly, BMI showed a significant positive association
with MetS prevalence (p=0.09, P<0.01), indicating that
higher BMI values correlated with an increased likeli-
hood of MetS (Fig. 4.B and Table 3).

WC was also a strong predictor of MetS prevalence
(B=0.03, P<0.01) (Fig. 4.C). Additionally, inflammatory
markers played a role, as erythrocyte sedimentation rate
(ESR) demonstrated a significant association with MetS
prevalence (f=0.01, P=0.04) (Fig. 4.D and Table 3).

Among metabolic parameters, triglyceride (TG) lev-
els were significantly associated with MetS prevalence
(B=0.01, P<0.01) (Fig. 4.F). Total cholesterol (TC) was
also a significant factor (=0.01, P=0.05) (Fig. 4.G and
Table 3).

Regarding clinical measures, diastolic blood pressure
(DBP) was significantly associated with MetS preva-
lence (f=0.04, P=0.02) (Fig. 4.K). Furthermore, disease
activity, as measured by the Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI), was also a significant
factor (=0.03, P=0.02), indicating that higher disease
activity scores correlated with an increased prevalence of
MetS (Fig. 4.L and Table 3). TNF inhibitor consumption
was another factor which had a significant positive effect

Table 3 Results of meta-regression analysis
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on the prevalence of MetS in patients with AS ($=0.91,
P<0.01) (Fig. 4.M and Table 3).

Discussion

Our meta-analysis provides a comprehensive assess-
ment of the global prevalence of MetS in patients with
AS, revealing an overall pooled prevalence of 15.5%. This
finding highlights a substantial burden of MetS in AS
patients. The presence of MetS in AS is particularly con-
cerning, as it compounds cardiovascular risk and exacer-
bates disease morbidity [40].

The relationship between AS and MetS is likely bidirec-
tional, with chronic inflammation playing a crucial role
in metabolic dysregulation [1]. Systemic inflammation, a
hallmark of AS, has been implicated in insulin resistance,
lipid abnormalities, and endothelial dysfunction, all of
which contribute to MetS development [19, 41, 42]. Fur-
thermore, sedentary behavior due to pain and disability
in AS patients may aggravate metabolic disturbances [43,
44].

Previous studies have reported a higher MetS preva-
lence in AS patients [7, 8, 19, 45]. The genetic interplay
between MetS and AS is substantial, primarily driven by
shared immune-mediated pathways. For instance, Shi et
al. identified a significant genetic overlap between these
conditions, highlighting common genes involved in
metabolic regulation, inflammation, and autophagy [46].
Their findings reinforce a causal link between MetS and
AS, independent of potential confounders.

Our meta-regression analysis revealed a significant
association between BMI and TG levels with MetS preva-
lence, underscoring the role of obesity and dyslipidemia
in this comorbidity. Consistent with our findings, Liu et
al. [8] identified BMI as an independent risk factor for
MetS in AS patients (OR =5.165; 95% CI=1.935-13.787;

Variable Coefficient (B) P value Residual Tau2 Residual 12 Residual H2 R2
Age 0.04 <0.01 0.05 94.18 1717 18.75
BMI 0.09 <001 0.03 76.39 4.24 30.09
WC 0.03 <0.01 0.00 0.00 1 100
ESR 0.018 0.04 0.05 81.57 542 12.10
CRP -0.01 0.12 0.03 73.71 3.80 1091
TG 0.01 <0.01 0.05 7844 4.64 37.02
TC 0.01 0.05 0.1 87.67 8.11 293
HDL -0.01 0.12 0.08 84.87 6.61 0.00
LDL 0.01 0.09 0.10 87.22 7.82 0.00
SBP <0.01 0.72 0.04 7818 4.58 0.00
DBP 0.04 0.02 0.02 67.63 3.09 35.25
BASDAI 0.03 0.02 0.03 7748 444 21.90
TNF inhibitors consumption rate 0.44 045 0.01 61.33 2.59 66.43
Duration of the Disease -0.05 0.18 0.08 86.81 7.58 0.00

BMI: Body Mass Index; WC: Waist Circumference; ESR: Erythrocyte Sedimentation Rate; CRP: C-Reactive Protein; TG: Triglycerides; TC: Total Cholesterol; HDL: High-
Density Lipoprotein; LDL: Low-Density Lipoprotein; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; BASDAI: Bath Ankylosing Spondylitis Disease Activity

Index; TNF inhibitors: Tumor Necrosis Factor inhibitors
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Fig. 4 Bubble plots of the meta-regression analysis of different variables in the prevalence of metabolic syndrome (MetS) in patients with ankylosing

spondylitis. Age (A), Body Mass Index (BMI) (B), Waist Circumference (WC) (C

), Erythrocyte Sedimentation Rate (ESR) (D), C-Reactive Protein (CRP) (E),

Triglycerides (TG) (F), Total Cholesterol (TC) (G), High-Density Lipoprotein (HDL) (H), Low-Density Lipoprotein (LDL) (I), Systolic Blood Pressure (SBP) (J),
Diastolic Blood Pressure (DBP) (K), Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) (L), Duration of the Disease (M), Tumor necrosis factor alpha

(TNF-a) inhibitor consumption (N)

P=0.001). They also reported a higher prevalence of
overweight/obesity in AS patients with MetS (78.3% vs.
31.9%; P<0.001), aligning with previous studies [37, 47].
These findings highlight the critical role of BMI manage-
ment in reducing MetS risk in AS patients.

The underlying mechanisms have been well-docu-
mented, with adipose tissue secreting proinflamma-
tory cytokines (e.g., TNF-a) and adipokines (e.g., leptin,

adiponectin), which disrupt metabolic homeostasis
[21, 48-50]. Furthermore, AS patients often experience
reduced physical activity due to chronic pain and dis-
ability, making them more susceptible to weight gain and
increased BMI, further exacerbating metabolic distur-
bances [43, 51].

Also, TG levels have been implicated in the metabolic
disturbances associated with AS. Maia et al. reported
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that AS patients undergoing anti-TNF-a therapy exhib-
ited significantly higher TG levels than controls, with a
markedly elevated TG-to-HDL ratio (p=0.002), under-
scoring its predictive value for MetS and cardiovascular
risk [7]. Similarly, Azarpazhooh et al. identified the TG/
HDL-C ratio as a key marker of MetS, insulin resistance,
and atherosclerosis severity. Their findings suggest that
an increased TG/HDL-C ratio substantially raises the
risk of MetS, highlighting its clinical relevance in AS and
other chronic inflammatory conditions [52].

Furthermore, in our study age was found to be a signifi-
cant predictor, with older AS patients demonstrating a
higher prevalence of MetS. According to Dominguez and
Barbagallo, aging is a major contributor to the increas-
ing prevalence of MetS, with older individuals showing
higher rates due to factors such as central obesity, insulin
resistance, sarcopenic obesity, and systemic inflamma-
tion. Their review highlights that MetS prevalence rises
from 18.3% in individuals aged 20-39 years to 46.7% in
those over 60 years, emphasizing the impact of aging on
metabolic health [53].

Similarly, Goodpaster et al. conducted a study on 3,035
individuals aged 70 to 79, demonstrating that aging is
directly associated with lower HDL cholesterol levels, ele-
vated blood glucose, and increased blood pressure—key
metabolic abnormalities contributing to MetS [54]. These
findings underscore the role of aging as a critical risk fac-
tor for MetS, particularly in individuals with ankylosing
spondylitis, where its predictive value warrants further
investigation in clinical assessments. Also, Papadakis et
al,, reported a significantly higher prevalence of MetS
in AS patients (34.9% vs. 19.0%, p<0.05) [38]. The study
highlighted a strong age-dependent effect, with MetS
prevalence reaching 50.0% in AS patients over 41 years,
compared to 23.8% in controls (p=0.017), whereas no
significant difference was observed in younger patients
(p=0.401). These findings suggest that AS patients face
an elevated risk of MetS and cardiovascular complica-
tions, particularly with increasing age, emphasizing the
interplay between systemic inflammation and metabolic
disturbances in AS.

Additionally, inflammatory markers revealed distinct
associations with MetS prevalence. While ESR, a marker
of chronic inflammation, was positively correlated with
MetS, CRP, an acute-phase reactant, did not show a sig-
nificant association. This indicates that persistent sys-
temic inflammation, rather than acute inflammatory
episodes, may play a more substantial role in metabolic
disturbances among AS patients [55, 56].

A Study by de Vries MK et al. found that ESR per-
formed better than CRP in assessing disease activity and
predicting treatment response in AS patients receiving
anti-TNF therapy. Among 155 patients, ESR showed the
strongest correlation with BASDAI ($=0.49) compared
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to CRP (B=0.43). Elevated baseline CRP levels had a
high predictive value (81%) for treatment response. These
findings suggest that ESR may be a more reliable marker
for monitoring disease activity, while CRP could help
predict response to therapy [57].

Furthermore, our findings suggest that the BASDAI,
which is commonly used to assess disease activity in AS,
is significantly associated with MetS prevalence. Higher
BASDAI scores indicate increased disease activity and
inflammation, which could contribute to metabolic dis-
turbances [58—60]. This suggests that patients with more
severe AS may have a heightened risk of MetS, empha-
sizing the need for integrated management strategies
that address both inflammatory and metabolic compo-
nents of the disease. Recent studies indicate a significant
correlation between BASDALI scores and various health
parameters, including disability indices and inflamma-
tory markers, highlighting its relevance in clinical prac-
tice [61, 62]. Consistent with our findings, the study by
Papadakis et al. [38] also reported that AS patients with
MetS were older (p=0.005) and exhibited greater disease
activity (BASDAL 5.1 vs. 3.7, p =0.043).

Moreover, DBP was significantly associated with MetS
prevalence, whereas SBP did not exhibit a notable effect.
Elevated blood pressure, including both systolic and
diastolic, is a recognized component of MetS [63, 64].
A study involving 5,809 Koreans without baseline MetS
found that elevated DBP levels were significantly associ-
ated with an increased hazard ratio (HR) for MetS. Spe-
cifically, DBP levels of 71-74 mm Hg and 75-79 mm Hg
were associated with HRs of 1.31 and 1.51, respectively,
compared to the reference group with DBP <70 mm Hg
[65]. This highlights the potential importance of DBP
as a more sensitive cardiovascular risk indicator in AS
patients with MetS, warranting further investigation into
its pathophysiological relevance. This relationship per-
sists even after adjusting for various covariates, indicating
a robust association between DBP and MetS prevalence.

Our subgroup analyses revealed substantial regional
differences in MetS prevalence among AS patients, with
the highest prevalence observed in Africa (37.0%) and the
lowest in Asia (8.0%). However, this high prevalence in
the African region must be interpreted with caution, as it
is based on a single study conducted in Egypt, which may
not be representative of the broader African population
[33]. The limited data raises the potential for selection
bias. Supporting this, obesity rates in Africa differ widely
across the region. In countries like South Africa, preva-
lence can reach as high as 54% among specific groups,
whereas in nations such as Ethiopia and Madagascar,
rates are considerably lower [66—68]. This discrepancy
suggests that the elevated MetS rate reported in the
Egyptian study may reflect unique sample characteristics
rather than a regional trend. Additionally, variability in
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healthcare infrastructure and accessibility—particularly
in the availability of routine metabolic screening—may
contribute to differences in detection and diagnosis of
MetS across regions [69, 70]. Genetic diversity may also
play a role; for instance, the distribution of HLA-B27 sub-
types varies significantly across ethnic groups and may
influence the interplay between inflammatory and meta-
bolic pathways in AS [71-73]. Future multi-center stud-
ies in African populations are essential to provide a more
accurate regional estimate and explore potential environ-
mental and genetic factors unique to this population.

Additionally, the discrepancies in AS criteria contrib-
uted to observed heterogeneity. Among the diagnos-
tic criteria used across studies for AS diagnosis, those
employing the ASAS classification reported the highest
MetS prevalence, whereas studies relying on ICD-9-CM
criteria documented the lowest prevalence. Similarly,
variations in MetS prevalence were evident across dif-
ferent diagnostic definitions. Each set of criteria varies in
terms of the number and type of metabolic components
required, as well as the threshold values applied. For
example, the NCEP-ATP III criteria define MetS as the
presence of any three out of five metabolic abnormalities,
which may result in broader classification and a higher
reported prevalence. In contrast, the JC criteria apply
stricter standards, and produced a substantially lower
prevalence in our analysis [74—76]. For instance, a key
distinction between ATP-III and JC is the emphasis on
central obesity. While JC mandates waist circumference
with ethnicity-specific cutoffs, ATP-III adopts a flexible,
risk-based approach, diagnosing MetS if any three of five
risk factors are present. This makes ATP-III more inclu-
sive, particularly for individuals with metabolic dysfunc-
tion but lower waist circumference. Moreover, ATP-III
exhibits greater sensitivity in detecting cardiovascular
risk and insulin resistance, as it does not strictly depend
on central obesity. Studies indicate that ATP-III identi-
fies more high-risk individuals than JC, especially in non-
obese populations with dyslipidemia and hypertension
[75, 77, 78]. These inconsistencies underscore the critical
need for standardized diagnostic criteria to improve the
accuracy and comparability of MetS prevalence estimates
in AS patients. Selecting a uniform diagnostic approach
will support better risk stratification, improve patient
monitoring, and facilitate more comparable research out-
comes across diverse populations of AS patients. Based
on these observations, we recommend that future studies
consider adjusting diagnostic criteria according to popu-
lation-specific characteristics such as ethnicity, regional
obesity patterns, and metabolic profiles. Such tailored
thresholds could improve diagnostic accuracy, enhance
inter-study comparability, and provide more meaningful
estimates of MetS prevalence in diverse AS populations
[75, 79].
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Given the substantial prevalence of MetS in AS
patients, early screening and management of metabolic
risk factors should be integrated into AS treatment strat-
egies. Lifestyle interventions, including regular physical
activity and dietary modifications, should be prioritized
to mitigate cardiovascular risk. Moreover, the long-term
metabolic impact of biologic therapies, particularly TNF
inhibitors warrants further investigation [7, 8, 14].

Limitations and future directions

Despite the robust methodology employed, our meta-
analysis has several limitations. First, significant het-
erogeneity was observed among studies, likely due to
differences in study populations, diagnostic criteria, and
geographic distribution. Although we addressed this
through extensive subgroup and meta-regression analy-
ses, residual confounding factors may remain.

Second, the cross-sectional nature of the included
studies precludes any conclusions regarding causality
between ankylosing spondylitis and metabolic syndrome.
Longitudinal studies are needed to elucidate these tem-
poral relationships.

Third, while we attempted to evaluate the impact of
biological therapies—particularly TNF inhibitors—on
the prevalence of MetS through meta-regression, only
a limited number of studies reported relevant data. As
such, these results should be interpreted cautiously.
Future research should prioritize collecting and report-
ing data on biologic treatment regimens, especially TNF
inhibitors, to better understand their potential role in
modifying metabolic risk among AS patients.

Fourth, we conducted publication bias assessment for
the sex-based subgroup analysis, incorporating Egger’s
test, Begg’s test, funnel plots, and trim-and-fill methods.
Although we did not find significant publication bias, it
cannot be entirely ruled out due to the relatively small
number of included studies. More well-designed and
transparently reported studies are needed to enhance
the validity of future meta-analyses and allow for a more
robust assessment of potential publication bias.

Fifth, while we explored sex-based differences in MetS
prevalence and found a higher rate in males compared
to females, the difference was not statistically signifi-
cant. However, the limited number of gender-stratified
studies remains a notable gap, and we recommend that
future research further investigate sex-based differences
in MetS risk among AS patients, including potential roles
of sex hormones and age-matched subgroup effects.

Additionally, the relatively small number of included
studies and the lack of representation from certain
regions may limit the generalizability of our findings.
We recommend that future studies include more diverse
populations and standardized diagnostic criteria to
improve global comparability and risk stratification.
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Conclusion

This meta-analysis highlights a significant prevalence
of MetS in patients with AS. The findings suggest that
metabolic abnormalities in AS are influenced by chronic
inflammation, obesity, disease activity, and demographic
factors. Notably, older age, higher BMI, elevated triglyc-
erides, and increased disease activity (BASDAI) were
significantly associated with MetS prevalence, emphasiz-
ing the need for proactive metabolic monitoring in AS
management.

From a clinical perspective, routine metabolic screen-
ing can be incorporated into AS care to identify high-
risk patients early. Given the interplay between systemic
inflammation and MetS, integrating lifestyle interven-
tions with pharmacologic management may provide dual
benefits in controlling both AS symptoms and metabolic
complications. Rheumatologists should work closely with
cardiologists and endocrinologists to optimize cardiovas-
cular risk reduction strategies for AS patients.

To enhance consistency in diagnosis and improve com-
parability across studies, we recommend adopting stan-
dardized or population-adjusted diagnostic criteria for
MetS in AS patients. While criteria such as the JC frame-
work offer clinically practical approaches that account for
ethnic variation in metabolic thresholds, it is essential
that future studies further refine these definitions based
on regional, anthropometric, and metabolic characteris-
tics. Tailoring thresholds in this way can improve diag-
nostic accuracy and better reflect true metabolic risk in
diverse AS populations. Additionally, ongoing research
should continue to explore the long-term effects of bio-
logic therapies and the impact of personalized lifestyle
interventions in reducing MetS prevalence and improv-
ing outcomes for AS patients.
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