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Abstract

Background Metabolic syndrome (MetS) is a cluster of metabolic abnormalities that increase the risk of
cardiovascular diseases (CVD). Patients with inflammatory bowel disease (IBD) may be at higher risk of developing
MetS due to chronic inflammation, altered adipokine profiles, and the effects of corticosteroid treatment. However,
the prevalence of MetS in IBD patients remains inconsistent across studies. This meta-analysis aims to estimate the
prevalence of MetS in IBD patients and compare its occurrence between Crohn’s disease (CD) and ulcerative colitis
(UQ).

Methods A systematic search was conducted across PubMed, Scopus, Embase, and Web of Science from their
inception up to January 19, 2025. Eligible observational studies reporting MetS prevalence in IBD patients were
included. Meta-analysis was performed using a random-effects model, with heterogeneity assessed via the I statistic.
Comprehensive Meta-Analysis (CMA) software, version 4.0 was used for analysis.

Results The pooled prevalence of MetS in IBD patients was 21.8% (95% Cl: 14.3-31.6%). The prevalence was higher
in UC patients (32.7%, 95% Cl: 16.0-55.5%) compared to CD patients (14.1%, 95% Cl: 8.6-22.3%). Patients with UC had
significantly higher odds of MetS than those with CD (OR=1.38, 95% Cl: 1.03-1.85, P=0.02). Additionally, IBD patients
with MetS were significantly older than those without (MD: 9.89, 95% Cl: 5.12-14.67, P<0.01).

Conclusion In summary, this meta-analysis reveals a notable prevalence of MetS among patients with IBD,
particularly in those with UC, where the prevalence is higher than in CD. The analysis also shows that IBD patients
with MetS tend to be older, suggesting age as a contributing factor. These findings underscore the need for routine
metabolic screening in IBD care, especially in UC and elderly patients.
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Introduction

Metabolic syndrome (MetS) refers to a cluster of inter-
connected metabolic abnormalities—such as central
obesity, insulin resistance, high blood pressure, elevated
triglyceride levels, and low levels of high-density lipo-
protein (HDL) cholesterol—that together heighten the
risk of developing cardiovascular disease (CVD), type 2
diabetes mellitus (T2DM), stroke, and increased over-
all mortality [1-7]. The global prevalence of metabolic
syndrome (MetS) has been steadily increasing in recent
decades, reflecting the widespread adoption of sedentary
lifestyles, poor dietary habits, and the escalating rates
of obesity. This has positioned MetS as a major public
health concern worldwide [7-11].

In parallel, the incidence and prevalence of inflamma-
tory bowel disease (IBD)—which encompasses Crohn’s
disease (CD) and ulcerative colitis (UC)—have also
increased globally, especially in newly industrialized
countries [12—15]. IBD is a chronic, immune-mediated
condition characterized by relapsing inflammation of the
gastrointestinal tract, leading to a wide range of gastro-
intestinal and systemic complications [15-17]. Beyond
the primary intestinal manifestations, IBD patients fre-
quently experience extraintestinal symptoms, includ-
ing metabolic disturbances, hepatic involvement, and
increased cardiovascular risk [18—-21].

Recent research has suggested that individuals with
IBD may be at an elevated risk for developing MetS [22,
23]. The pathophysiological mechanisms linking IBD to
MetS are multifactorial and complex. Chronic low-grade
systemic inflammation—a hallmark of IBD—plays a cen-
tral role in disrupting insulin signaling and lipid metabo-
lism, which may predispose patients to insulin resistance,
dyslipidemia, and visceral adiposity [24-27]. Further-
more, the dysregulation of adipokines such as leptin and
adiponectin, which are altered in both IBD and MetS,
may mediate inflammation-driven metabolic dysfunc-
tion [7, 28-31]. Another contributing factor is long-term
corticosteroid use, a common therapeutic strategy in IBD
management, which is known to adversely affect glucose
metabolism, promote weight gain, and increase the risk
of hypertension and lipid abnormalities [32—35].

Despite the growing interest in this topic, estimates of
the prevalence of MetS in IBD patients remain inconsis-
tent across studies, with results varying depending on the
population studied, diagnostic criteria for MetS, and the
methods used to assess metabolic abnormalities [36—40].
Given these discrepancies and the clinical importance
of identifying metabolic risk in IBD patients, a compre-
hensive synthesis of the existing literature is warranted.
Therefore, the aim of this study is to conduct a system-
atic review and meta-analysis to estimate the overall
prevalence of MetS in patients with IBD. Additionally, we
compare prevalence rates between Crohn’s disease and
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ulcerative colitis. By consolidating evidence from mul-
tiple studies, this analysis aims to provide clinicians with
a clearer understanding of the metabolic burden in IBD
populations and inform strategies for early screening and
intervention.

Methods

This meta-analysis was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines and the Cochrane Handbook
for Systematic Reviews [41, 42] (Table S1). The study pro-
tocol was registered on PROSPERO with the registration
number CRD420250655049.

Search strategy

A comprehensive search was conducted across multiple
electronic databases including PubMed, Scopus, Embase,
and Web of Science, with no restrictions on language or
publication date, from inception up to January 19,2025.
The search terms included multiple keywords including

» o«

“metabolic syndrome,” “IBD;” “inflammatory bowel dis-
ease, " Crohn’s disease,” and " Ulcerative colitis " com-
bined with Boolean operators to ensure a broad search.
The detailed search strategy for each database is provided

in Table S2.

Study selection and eligibility criteria

Studies were included if they met the following criteria:
[1] patients diagnosed with IBD, including CD and UC;
[2] studies that reported the prevalence of MetS in IBD
patients; [3] studies providing quantitative data on MetS
components; [4] observational studies, including cohort,
case-control, or cross-sectional designs. We excluded
studies that did not report relevant data, conference
abstracts, reviews, editorials, or studies on non-human
subjects. Two independent reviewers (P.S, and S.M.H)
(screened the titles and abstracts of identified articles,
followed by full-text assessments to confirm eligibility.
Discrepancies were resolved through discussion or con-
sultation with a third reviewer (E.AS).

Quality assessment

The quality of included studies was independently
assessed by two reviewers (P.S, and S.M.H), using the
Joanna Briggs Institute (JBI) Critical Appraisal Check-
list for observational studies [43—-45]. Disagreements
between reviewers were resolved through discussion
or involvement of a third reviewer (E.AS) to reach a
consensus.

Data extraction

Data were extracted from eligible studies using a stan-
dardized form. Extracted data included: author informa-
tion, year of publication, country, sample size, age, gender
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distribution, disease type (Crohn’s disease or ulcerative
colitis), and MetS criteria (e.g., NCEP ATP III, IDF).

Statistical analyses

Statistical analyses were performed using CMA soft-
ware, version 4.0 [46]. Pooled estimates of the prevalence
of metabolic syndrome in IBD patients were calculated
using a random-effects model to account for between-
study variability. The results were reported with 95%
confidence intervals (Cls). Heterogeneity between stud-
ies was assessed using the I* statistic and Cochran’s Q
test, with I” values greater than 50% and a p-value of <0.1
indicating significant heterogeneity. Meta-regression
analyses were performed to explore potential sources
of heterogeneity, including. Sensitivity analyses were
conducted to assess the robustness of the results by sys-
tematically excluding each study. Publication bias was
evaluated using funnel plots, and Egger’s and Begg’s tests
were conducted to assess asymmetry. A p-value of <0.1
was considered indicative of significant publication bias.

Results

Study selection

A total of 4,687 records were initially identified from the
databases. After removing 2,175 duplicate records, 2,512
records remained for screening. Following the screen-
ing process, 2,484 records were excluded based on irrel-
evant content. Out of the remaining records, 28 reports
were sought for retrieval, and all 28 reports were suc-
cessfully retrieved. These reports were assessed for eligi-
bility, with 8 reports excluded due to insufficient data, 5
reports excluded for not reporting Mets group data, and
3 reports excluded because they reported IBD prevalence
in Mets. Ultimately, 12 new studies were included in the
review (Fig. 1).

Study characteristics

This meta-analysis includes studies that evaluated the
prevalence of MetS in patients with IBD, including both
UC and CD (Table 1). A total of twelve studies were
analyzed, comprising cross-sectional and retrospective
cohort designs [22, 38—-40, 47-54]. These studies were
conducted across various countries, including Japan [40],
Turkey [22], the United States [47, 51, 53, 54], Serbia [39,
50], South Korea [48], Italy [49, 52], and Portugal [38],
covering time frames ranging from a few months to over
a decade.

Sample sizes varied significantly, ranging from 78 [52]
to a large nationwide database of over 1 million IBD cases
(369,466 UC and 772,144 CD) [47]. The mean age of par-
ticipants differed across studies, with some reporting
separate values for UC and CD, while others provided a
single mean age for all IBD patients. Gender distribution
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also varied, with most studies reporting a near-equal
male-to-female ratio.

Several studies reported additional clinical charac-
teristics, including disease duration, body mass index
(BMI), and smoking status. The prevalence of MS among
IBD patients demonstrated substantial variability, rang-
ing from small cross-sectional cohorts with fewer than
20 cases [40] to large administrative datasets identify-
ing over 100,000 cases [47]. These differences highlight
variations in study design, sample size, and clinical set-
tings. All included studies were considered high quality,
based on their evaluation using the JBI Critical Appraisal
Checklists. A detailed quality assessment for each study
is provided in Table S3.

Results of meta-analysis

Total

The prevalence of Mets in patients with IBD included was
21.8% (95% CI: 14.3-31.6%) (Fig. 2A). The results were
accompanied by significant heterogeneity (I* = 97.24%,
P<0.01). The sensitivity analysis demonstrated the stabil-
ity of the results after removing individual studies, show-
ing that the overall estimate remains consistent despite
exclusions (Fig. 2B). The prediction interval analysis sug-
gested that the true effect size in 95% of comparable pop-
ulations falls between 4.00% and 68.00% (Fig. 2C).

Prevalence of Mets in UC and CD

The prevalence of Mets in patients with UC was 32.7%
(95% CI: 16.0-55.5%) (Fig. 3.A). The results were accom-
panied by significant heterogeneity (I* = 97.54%, P<0.01).
The sensitivity analysis demonstrated the stability of the
results after removing individual studies, showing that
the overall estimate remains consistent despite exclusions
(Fig. 3.B). The prediction interval analysis suggested that
the true effect size in 95% of comparable populations falls
between 2.0% and 94.0% (Fig. 3.C).

The prevalence of Mets in patients with CD was 14.1%
(95% CI: 8.6—22.3%) (Fig. 4.A). The analysis revealed sig-
nificant heterogeneity (I* = 92.39%, P<0.01). The sensi-
tivity analysis showed that the overall estimate remained
consistent even after removing individual studies
(Fig. 4.B). The prediction interval analysis indicated that
the true effect size in 95% of comparable populations
ranges from 2.0 to 52.0% (Fig. 4.C).

Patients with UC had significantly higher Mets preva-
lence compared to those with CD (OR=1.38, 95% CL:
1.03 to 1.85, P=0.02) (Fig. 5.A). The sensitivity analy-
sis showed no significant difference between UC and
CD regarding Mets after the removal of M. Carr, 2017;
Sztembis, 2018; and Yorulmaz, 2011 (Fig. 5.B). Publica-
tion bias was not significant based on both Egger’s test
(P=0.26) and Begg’s test (P=0.13). However, the trim
and fill analysis identified two studies on the left side of
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ldentification of new studies via databases and registers
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Fig. 1 Study selection process
the funnel plot, with an OR of 1.26 (95% CI: 0.93 to 1.71)  Discussion

(Fig. 5.C). The prediction interval analysis suggested that
the true effect size in 95% of comparable populations falls
between 0.70 and 2.74 (Fig. 5.D).

Comparison of the age of IBD patient with and without Mets
Patients with Mets were significantly older than those
without Mets, with a mean difference (MD) of 9.89 years
(95% CI: 5.12 to 14.67, P<0.01) (Fig. 6). The I* statistic
was 0.00%, with a P-value of 0.7. Due to the limited num-
ber of studies, evaluation of publication bias, prediction
intervals, and sensitivity analysis was not possible.

This meta-analysis underscores a critical issue in the
management of IBD: the substantial prevalence of MetS
in this patient population. Our findings reveal that over
one-fifth of individuals with IBD meet the criteria for
MetS, reinforcing the notion that chronic inflammation,
metabolic dysregulation, and treatment-related effects
create a unique metabolic phenotype distinct from that
seen in the general population. Notably, UC patients
exhibit a significantly higher prevalence of MetS (32.7%)
compared to those with CD (14.1%), suggesting that
disease-specific mechanisms, including inflammatory
burden, gut microbiota alterations, and pharmacologic
exposure, play a decisive role in metabolic risk.
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Study name Statistics for cach study Event rate and 95% CI Study name Cvent rate (95% Cl) with study removed

Fvent Tower Upper Lower  Upper

rate limit limit Point  limit limit
Yorulmaz, 2011 0254 019 0323 Yorulmaz, 2011 0215 0.137  0.320 i
Sztembis, 2018 0456 0342 0575 —1— Sztembis, 2018 0201 0.132  0.294
Sartini, 2018 0231 0150 0337 Sartini, 2018 0217 0139 0321 !
Njeim, 2024 0107 0.106  0.107 | | Njcim, 2024 0233 0136 0370 |
Nagahori, 2010 0.186  0.122  0.274 Nagahori, 2010 0221 0.141 0328 =
Magr?, 2019 0191 0,140 0255 0220 0140 0330
M. Carr, 2017 0226 0.149 0328 0217 0139 0322 !
Kang, 2020 0.106  0.081 0.138 L 0232 0.145 0350 |
Jovanovic. 2019 0.809  0.714  0.878 - Jovanovic, 2019 0,179 0,126 0.247 !
Fitzmorris, 2015 0,043 0031 0.058 [ | Filzmorris, 2015 0248 0.160  0.363 I
Dragasevic, 2020 0.327  0.244 0423 ——r Dragasevic. 2020 0209 0.135  0.309
Arieiraa, 2018 0130 0.087  0.192 - Ariciraa, 2018 0227  0.145 0338 |
Pooled 0218  0.143 0316 Pooled 0218 0.143 0316 #
0.00 0.20 0.40 0.60 0.80 0.00 0.20 0.40 0.60 0.80
A Meta Analysis B Meta Analysis
Distribution of True Effects
8
.
C 0.00 0.10 0.20 0.30 0.40 0.50 0.60 o0.70 0.80

Event rate

The mean effect size is 0.22 with a 95% confidence interval of 0.14 to 0.32
The true effect size in 95% of all comparable populations falls in the interval 0.04 to 0.68

Fig. 2 Prevalence of Mets in Mets in patients with IBD. A: Forest plot B: sensitivity analysis C: Prediction interval analysis

Several studies have consistently demonstrated a
robust association between MetS and IBD, indicating
that patients with IBD are at an elevated risk for meta-
bolic abnormalities. Epidemiological research under-
scores that IBD patients exhibit a higher propensity for
developing these metabolic disturbances compared to
the general population, thereby increasing their overall
cardiovascular risk.

For instance, Hyun and Cheon explore the interplay
between these conditions, highlighting shared inflam-
matory and metabolic dysfunctions. Although the over-
all prevalence of MetS components may be lower in IBD
patients compared to non-IBD individuals, the chronic
inflammatory state in IBD significantly amplifies cardio-
vascular risks. The authors advocate for early detection
and a multidisciplinary management strategy to address
the metabolic complications associated with IBD, ulti-
mately improving patient outcomes [7, 20]. In a com-
plementary study, Njeim et al. observed that, a higher
metabolic score—reflecting the cumulative presence of
MetS components—correlated strongly with increased
risks of CVD in both UC and CD patients. These findings

underscore the urgent need for comprehensive metabolic
and cardiovascular risk management in IBD [47].

Both MetS and IBD are becoming increasingly preva-
lent worldwide [55, 56]. The pathophysiology of MetS
in IBD is fundamentally driven by chronic systemic
inflammation, which extends beyond the gut to disrupt
metabolic homeostasis [47, 57]. Unlike classic obesity-
associated MetS, in which excess adiposity triggers meta-
bolic dysfunction, IBD-associated MetS appears to be
primarily inflammation-driven, leading to distinct meta-
bolic consequences. Elevated levels of tumor necrosis
factor-alpha (TNF-«), interleukin-6 (IL-6), and C-reac-
tive protein (CRP), hallmark features of IBD-related
inflammation [58-60], have been shown to impair insu-
lin receptor signaling, promote hepatic gluconeogenesis,
and reduce glucose uptake in peripheral tissues, result-
ing in insulin resistance and hyperglycemia Furthermore,
chronic inflammation contributes to endothelial dysfunc-
tion, arterial stiffness, and dyslipidemia, all of which are
well-established precursors to CVD [61-64] (Fig. 7).

Beyond systemic inflammation, adipose tissue dysfunc-
tion further exacerbates metabolic dysregulation in IBD.
Adipose tissue, an active endocrine organ, plays a pivotal
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Study name Event rate (95% CI)

with study removed

LEvent Lower Upper Lower Upper
rate  limit  limit Point  limit  limit
Nagahori, 2010 0.230 0.148 0.339 Nagahori, 2010 0.346 0.151 0.612 i
Yorulmaz, 2011 0.296 0.219 0.385 —— Yorulmaz, 2011 0333 0.138  0.609
Njeim, 2024 0.119 0.118 0.120 | Njeim, 2024 0.380 0.213  0.580 |
Dragasevic, 2020 0.296  0.190 0.430 Dragasevic, 20200.333  0.147 0.591 I
M. Carr, 2017 0.292 0.146 0.498 M. Carr,2017  0.333 0.151 0.583 l
Jovanovic, 2019 0.809 0.714 0.878 - Jovanovic, 2019 0.250  0.148  0.391 |
Sztembis, 2018 0.354  0.233  0.498 Sztembis, 2018  0.323  0.144 0.576
Pooled 0327  0.160 0.555 Pooled 0.327 0.160 0.555 -«+
0.00 020 040 060 0.80 0.00 020 040 0.60 0.80
A B
Meta Analysis Meta Anulysis
Distribution of True Effects
a
-
).00 o0.10 0.20 0.30 0.40 0.50 0.60 0.70 o.80 0.90 1.00

Event rate

The mean effect size is 0.33 with a 95% confidence interval of 0.16 to 0.55
The true effect size in 95% of all comparable populations falls in the interval 0.02 to 0.94

Fig. 3 Prevalence of Mets in Mets in patients with UC. A: Forest plot B: sensitivity analysis C: Prediction interval analysis

role in regulating glucose and lipid metabolism through
adipokine secretion. In IBD, this regulatory function
is altered, with elevated leptin and reduced adiponec-
tin levels—a pattern strongly linked to worsening insu-
lin resistance, visceral adiposity, and lipid abnormalities
[65, 66]. Leptin, a pro-inflammatory adipokine, amplifies
TNF-a production, macrophage activation, and central
obesity, while adiponectin, a protective anti-inflamma-
tory adipokine, is paradoxically reduced, further impair-
ing metabolic homeostasis. These disruptions collectively
contribute to an inflammatory-metabolic state that pre-
disposes IBD patients to MetS, even in the absence of sig-
nificant weight gain [67-69].

Another critical factor is gut microbiota dysbiosis, a
well-documented feature of both UC and CD [70, 71].
The gut microbiome plays an essential role in immune
regulation, energy metabolism, and bile acid processing.
In IBD, a reduction in short-chain fatty acid (SCFA)-
producing bacteria, particularly butyrate, weakens insu-
lin sensitivity and promotes lipid dysregulation [72, 73].
Concurrently, an increase in pro-inflammatory bacte-
rial strains leads to intestinal permeability, systemic

endotoxemia, and chronic immune activation, all of
which contribute to metabolic dysfunction. Moreover,
altered bile acid metabolism in IBD disrupts lipid absorp-
tion and hepatic glucose regulation, further compound-
ing MetS risk [14, 74-77].

Pharmacologic therapies, particularly corticosteroids,
also exert significant metabolic consequences. While
essential for controlling inflammation during acute IBD
flares, long-term corticosteroid exposure is strongly
linked to increased visceral adiposity, dyslipidemia, insu-
lin resistance, and hypertension [78]. Corticosteroids
promote hepatic gluconeogenesis and impair periph-
eral glucose uptake, predisposing patients to steroid-
induced diabetes and metabolic dysfunction [79]. In
contrast, TNF-a inhibitors have shown potential ben-
efits by improving insulin sensitivity through inflamma-
tion reduction [80, 81], although their overall metabolic
impact remains incompletely characterized. These find-
ings underscore the need for careful consideration of
long-term corticosteroid use in IBD management, partic-
ularly in patients with preexisting metabolic risk factors
[82-85].
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Fig. 4 Prevalence of Mets in Mets in patients with CD. A: Forest plot B: sensitivity analysis C: Prediction interval analysis

The significantly higher prevalence of MetS in UC
compared to CD suggests that distinct disease charac-
teristics shape metabolic risk. UC is characterized by
continuous colonic inflammation, which directly influ-
ences gut microbiota composition, immune responses,
and metabolic regulation [86]. Conversely, CD primarily
affects the small intestine, leading to nutrient malabsorp-
tion, altered bile acid metabolism, and energy deficiency,
which may exert different metabolic consequences com-
pared to UC [87, 88] (Fig. 7).

Another key differentiator is systemic inflammatory
burden, which is markedly higher in UC, as evidenced by
persistently elevated CRP, TNF-q, and IL-6 levels. These
inflammatory mediators directly impair insulin signal-
ing, promote endothelial dysfunction, and drive lipid
abnormalities, exacerbating MetS risk [89-91]. Accord-
ing to Njeim et al,, the inflammatory pattern in UC is
markedly different from that in CD. In UC, continuous
inflammation confined to the mucosal layer leads to
elevated levels of inflammatory markers, indicating that
inflammation is more pronounced in UC. This sustained,

mucosal-restricted inflammation may explain the higher
systemic inflammatory burden and metabolic distur-
bances observed in UC patients compared to those with
CD, which is characterized by transmural and discontin-
uous lesions [47] (Fig. 7).

Pharmacologic factors also play a crucial role in shap-
ing this disparity. Corticosteroid therapy is more fre-
quently used in UC, contributing to greater metabolic
burden compared to CD, where biologic therapies such
as TNF-a inhibitors are more commonly employed.
Given their potential benefits in improving insulin sen-
sitivity and reducing inflammation, biologics may confer
a metabolic advantage in CD relative to UC [7, 92, 93].
Surgical interventions further differentiate metabolic
outcomes. Colectomy with ileal pouch-anal anastomosis
(IPAA), a common procedure in UC, has been linked to
altered microbiota composition, nutrient absorption, and
bile acid metabolism, all of which may influence meta-
bolic pathways [94]. In contrast, small bowel resections
in CD often result in malabsorption-driven metabolic
shifts rather than classical MetS phenotypes [95] (Fig. 7).
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Our findings also revealed that age plays a crucial role
in MetS development among IBD patients, with affected
individuals being nearly 10 years older, on average, than
those without MetS. This aligns with well-established
metabolic principles, as aging is inherently linked to
insulin resistance, adiposity redistribution, and increased
systemic inflammation—all of which predispose individ-
uals to MetS [96-98].

In the context of IBD, the metabolic impact of aging
may be further compounded by prolonged exposure to
disease-related inflammation and long-term medication
use. Older IBD patients are more likely to have under-
gone multiple rounds of corticosteroid therapy, experi-
enced cumulative inflammatory insults, and exhibited
declining physical activity levels due to disease-related
fatigue or mobility limitations. These factors may accel-
erate metabolic deterioration, placing older individuals
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at an even greater risk for cardiovascular and metabolic
complications [99-102].

The implications of this age-related MetS risk are sub-
stantial. Given that IBD itself is increasingly recognized
as a systemic disease with extraintestinal manifestations,
clinicians should incorporate metabolic assessments as
part of routine long-term disease monitoring, particu-
larly for older patients who may already be vulnerable to
cardiovascular complications [103].

From a clinical perspective, our findings reinforce the
necessity of integrating metabolic screening into standard
IBD management protocols. Traditionally, IBD treatment
has been focused on controlling gastrointestinal inflam-
mation and preventing disease progression [104], but our
results highlight an urgent need to expand this focus to
include metabolic health. For UC patients—who appear
to be at greater risk of MetS —this means closer lipid
and glucose monitoring, early lifestyle interventions, and
careful consideration of long-term corticosteroid use. In
older IBD patients, tailored metabolic risk assessments
should be incorporated into routine follow-ups, ensur-
ing that cardiovascular and metabolic risks are addressed
alongside gut health.A multidisciplinary approach that
involves gastroenterologists, endocrinologists, dietitians,
and primary care providers is likely the most effective

way to mitigate these risks. Lifestyle interventions,
including personalized nutrition plans, structured physi-
cal activity programs, and weight management strategies,
should be considered part of comprehensive IBD care.

Limitations and future directions

This meta-analysis has several limitations that should
be considered when interpreting the findings. First, sig-
nificant heterogeneity was observed among the included
studies. This can be attributed to substantial variability in
study design, patient characteristics, geographic regions,
and diagnostic criteria used to define MetS. Although we
performed sensitivity analyses and meta-regression, the
sources of heterogeneity could not be fully accounted for.

Second, most studies included in this meta-analysis
were cross-sectional, limiting the ability to establish
causal relationships between IBD and MetS. Longitudinal
cohort studies are needed to determine whether MetS
develops as a consequence of chronic inflammation,
medication effects, or other metabolic alterations in IBD
patients.

Third, confounding factors such as dietary habits,
physical activity, medication use (especially corticoste-
roids and biologics), and genetic predisposition were
not consistently reported, making it difficult to assess
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their impact on MetS development. Future studies
should control for these variables to provide more robust
conclusions.

Fourth, the meta-analysis is based solely on published
observational studies, which introduces the potential
for publication bias. Studies that reported no significant
association between MetS and IBD may be underrepre-
sented in the literature. While Egger’s test, Begg’s test,
and trim-and-fill analysis were performed and showed no
significant bias, the possibility of subtle underreporting
cannot be excluded.

Lastly, while our analysis found that IBD patients with
MetS were significantly older than those without, the
underlying mechanisms linking age and MetS in this
population remain a key knowledge gap. Factors such as
chronic inflammation, long-term corticosteroid use, and
age-related metabolic alterations are likely contributors,
but were not systematically addressed in the included
studies.

To address these limitations, future research should
focus on standardizing MetS diagnostic criteria across
studies to improve comparability. Large-scale, multi-
center longitudinal studies are needed to explore causal
links between IBD and MetS, as most of the current
studies are cross-sectional and do not establish causal-
ity. Additionally, future studies should better control
for confounding factors such as diet, physical activity,
medication use (especially corticosteroids and biologics),
and genetic predisposition, which were inconsistently
reported in the current analysis. Investigating the role
of inflammation control and medication effects on MetS
development in IBD patients would also provide more
insight into the underlying mechanisms. Furthermore, it
is essential to incorporate patient lifestyle factors, includ-
ing diet and exercise, as well as comorbidities, to better
understand modifiable risks. Finally, exploring potential
therapeutic interventions, such as anti-inflammatory
treatments and metabolic-targeted therapies, could help
reduce MetS risk in IBD populations. By addressing these
gaps, future research can enhance our understanding of
the relationship between IBD and MetS and contribute to
improving clinical management and patient outcomes.

Conclusion
This meta-analysis highlights a significant prevalence
of MetS in patients with IBD, particularly in those with
UC. The pooled prevalence of MetS in IBD patients was
21.8%, with UC patients demonstrating a higher preva-
lence compared to those with CD. Additionally, IBD
patients with MetS were significantly older than those
without, suggesting a potential age-related metabolic
risk.

These findings underscore the importance of rou-
tine metabolic screening in IBD patients, particularly
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for those with UC and older individuals. Given the role
of chronic inflammation, gut microbiota dysbiosis, cor-
ticosteroid use, and altered adipokine profiles in MetS
development, multidisciplinary management strate-
gies integrating gastroenterologists, endocrinologists,
and nutritionists may improve patient outcomes. Early
identification and intervention, including lifestyle modi-
fications, targeted pharmacotherapy, and personalized
treatment plans, could help mitigate the long-term car-
diovascular and metabolic risks associated with MetS in
IBD patients. Further research is warranted to explore
the underlying mechanisms linking IBD and MetS, the
impact of different therapeutic interventions, and the
role of inflammation control in reducing metabolic risk.

Abbreviations

BMI Body Mass Index

cD Crohn'’s Disease

Cls Confidence Intervals

CMA Comprehensive Meta—Analysis

CVvD Cardiovascular Disease

CRP C-reactive Protein

IBD Inflammatory Bowel Disease

IDF International Diabetes Federation

IL 6-Interleukin-6

IPAA lleal Pouch—Anal Anastomosis

MetS Metabolic Syndrome

MD Mean Difference

NCEP ATP Il National Cholesterol Education Program Adult Treatment
Panel Ill

N.A Not Available

OR Odds Ratio

PRISMA Preferred Reporting Items for Systematic Reviews and

Meta—Analyses

SCFA Short-Chain Fatty Acids

T2DM Type 2 Diabetes Mellitus

TNF a-Tumor Necrosis Factor Alpha
uc Ulcerative Colitis

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/541043-025-00860-z.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Author contributions

The research concept was originally conceived by E.AS, A.G, KV.J, and NRK.
The study design, including the methodological framework needed to
achieve the outcomes, was managed by SM.H, AG H.B.P and PS. Supervision,
coordination, and manuscript preparation were overseen by E.AS, AP and
A.G. Data collection and processing—encompassing experiments, patient
management, data analysis, and interpretation—were undertaken by KV.J,
PS, SMH, and AE. All authors made substantial contributions to drafting the
manuscript.

Funding
None.

Data availability
No datasets were generated or analysed during the current study.


https://doi.org/10.1186/s41043-025-00860-z
https://doi.org/10.1186/s41043-025-00860-z

Janani et al. Journal of Health, Population and Nutrition

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 March 2025 / Accepted: 1 April 2025
Published online: 09 April 2025

References

1.

Swarup S, Ahmed |, Grigorova Y, Zeltser R. Metabolic syndrome. StatPearls.
Treasure Island (FL): StatPearls publishing copyright © 2025. StatPearls Pub-
lishing LLC, 2025.

Fahed G, Aoun L, Bou Zerdan M, Allam S, Bou Zerdan M, Bouferraa Y et al.
Metabolic syndrome: updates on pathophysiology and management in
2021. Int J Mol Sci. 2022;23(2).

Dhondge RH, Agrawal S, Patil R, Kadu A, Kothari M. A comprehensive review
of metabolic syndrome and its role in cardiovascular disease and type 2
diabetes mellitus: mechanisms, risk factors, and management. Cureus.
2024;16(8):e67428.

Hashemi SM, Kheirandish M, Rafati S, Ghazalgoo A, Amini-Salehi E, Keivanlou
M-H, et al. The association between neutrophil and lymphocyte to high-
density lipoprotein cholesterol ratio and metabolic syndrome among Iranian
population, finding from Bandare Kong cohort study. Lipids Health Dis.
2024;23(1):393.

Huang AA, Huang SY. Shapely additive values can effectively visualize per-
tinent covariates in machine learning when predicting hypertension. J Clin
Hypertens. 2023;25(12):1135-44.

Pigeot I, Ahrens W. Epidemiology of metabolic syndrome. Pflugers Arch.
2025.

Shen Z, Zhang M, LiuY, Ge C, Lu Y, Shen H, et al. Prevalence of metabolic
syndrome in patients with inflammatory bowel disease: a systematic review
and meta-analysis. BMJ Open. 2024;14(3):e074659.

Neeland 1J, Lim S, Tchernof A, Gastaldelli A, Rangaswami J, Ndumele CE, et al.
Metabolic syndrome. Nat Rev Dis Primers. 2024;10(1):77.

Clemente-Suérez VJ, Martin-Rodriguez A, Redondo-Florez L, Lépez-Mora C,
Yanez-Sepulveda R, Tornero-Aguilera JF. New insights and potential thera-
peutic interventions in metabolic diseases. Int J Mol Sci. 2023;24(13).
Hassanipour S, Amini-Salehi E, Joukar F, Khosousi MJ, Pourtaghi F, Ansar MM,
et al. The prevalence of Non-Alcoholic fatty liver disease in Iranian children
and adult population: A systematic review and Meta-Analysis. Iran J Public
Health. 2023;52(8):1600-12.

Amini-Salehi E, Letafatkar N, Norouzi N, Joukar F, Habibi A, Javid M, et al.
Global prevalence of nonalcoholic fatty liver disease: an updated review
Meta-Analysis comprising a population of 78 million from 38 countries. Arch
Med Res. 2024;55(6):103043.

Caron B, Honap S, Peyrin-Biroulet L. Epidemiology of inflammatory bowel
disease across the ages in the era of advanced therapies. J Crohns Colitis.
2024;18(Supplement2):ii3-15.

Aniwan S, Santiago P, Loftus EV Jr, Park SH. The epidemiology of inflammatory
bowel disease in Asia and Asian immigrants to Western countries. United Eur
Gastroenterol J. 2022;10(10):1063-76.

Verdugo-Meza A, Ye J, Dadlani H, Ghosh S, Gibson DL. Connecting the Dots
between inflammatory bowel disease and metabolic syndrome: A focus on
Gut-Derived metabolites. Nutrients. 2020;12(5).

Liu G, LiuT, Zhang Q, Song M, Zhang Q, Shi J, et al. Temporal relationship
between inflammation and metabolic disorders and their impact on cancer
risk. J Glob Health. 2024;14:04041.

Muzammil MA, Fariha F, Patel T, Sohail R, Kumar M, Khan E, et al. Advance-
ments in inflammatory bowel disease: A narrative review of diagnostics,
management, epidemiology, prevalence, patient outcomes, quality of life,
and clinical presentation. Cureus. 2023;15(6):e41120.

Asgharnezhad M, Amini-Salehi E, Faraji N, Hassanipour S, Maroufizadeh S,
Isanazar A, et al. Investigating the activity status of inflammatory bowel
disease and its related factors: A study protocol. gums-cjhr. 2025;10(1):55-62.

(2025) 44:112

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

8.

Page 13 of 15

Levine JS, Burakoff R. Extraintestinal manifestations of inflammatory bowel
disease. Gastroenterol Hepatol (N'Y). 2011,7(4):235-41.

Rogler G, Singh A, Kavanaugh A, Rubin DT. Extraintestinal manifestations of
inflammatory bowel disease: current concepts, treatment, and implications
for disease management. Gastroenterology. 2021;161(4):1118-32.

Hyun HK, Cheon JH. Metabolic Disorders and Inflammatory Bowel Diseases.
Gut and liver. 2025.

Adolph TE, Meyer M, Jukic A, Tilg H. Heavy arch: from inflammatory bowel
diseases to metabolic disorders. Gut. 2024;73(8):1376-87.

Yorulmaz E, Adali G, Yorulmaz H, Ulasoglu C, Tasan G, Tuncer |. Metabolic
syndrome frequency in inflammatory bowel diseases. Saudi J Gastroenterol.
2011;17(6):376-82.

Njeim R, Pannala SS, Zaidan N, Habib T, Rajamanuri M, Moussa E et al.
Prevalence of Metabolic Syndrome and Its Association with Cardiovascular
QOutcomes in Hospitalized Patients with Inflammatory Bowel Disease. Journal
of clinical medicine [Internet]. 2024; 13(22).

Kwon SJ, Khan MS, Kim SG. Intestinal inflammation and Regeneration-
Interdigitating processes controlled by dietary lipids in inflammatory bowel
disease. Int J Mol Sci. 2024;25(2).

Schneeweiss MC, Kirchgesner J, Wyss R, Jin Y, York C, Merola JF, et al. Occur-
rence of inflammatory bowel disease in patients with chronic inflammatory
skin diseases: a cohort study: classification: epidemiology. Br J Dermatol.
2022;187(5):692-703.

Toyama-Sorimachi N. New approaches to the control of chronic inflamma-
tory diseases with a focus on the endolysosomal system of immune cells. Int
Immunol. 2024;37(1):15-24.

Popa AD, Gherasim A, Caba L, Nitd O, Graur M, Mihalache L et al. Cathelicidin:
insights into its impact on metabolic syndrome and chronic inflammation.
Metabolites. 2024;14(12).

Adams CE, Rutherford DG, Jones GR, Ho GT. Immunometabolism and mito-
chondria in inflammatory bowel disease: a role for therapeutic intervention?
Dis Model Mech. 2024;17(10).

Kmie¢ Z. Cytokines in inflammatory bowel disease. Arch Immunol Ther Exp
(Warsz). 1998:46(3):143-55.

Bregenzer N, Hartmann A, Strauch U, Schélmerich J, Andus T, Bollheimer

CL. Increased insulin resistance and B cell activity in patients with Crohn's
disease. Inflamm Bowel Dis. 2006;12(1):53-6.

Martinez-Dominguez SJ, Garcia-Mateo S, Gargallo-Puyuelo CJ, Gallego-Llera
B, Callau P Mendi C, et al. Inflammatory bowel disease is an independent risk
factor for metabolic Dysfunction-Associated steatotic liver disease in lean
individuals. Inflamm Bowel Dis. 2024;30(8):1274-83.

Wangberg H, Mortazavi D, Kitsen J, Sanni A, Leibel S, Geng B. Dose-depen-
dent association between inhaled corticosteroid use and risk of obesity and
metabolic syndrome in asthma. Allergy Asthma Proc. 2022;43(5):446-53.
Savas M, Muka T, Wester VL, van den Akker ELT, Visser JA, Braunstahl GJ,

et al. Associations between systemic and local corticosteroid use with
metabolic syndrome and body mass index. J Clin Endocrinol Metab.
2017;102(10):3765-74.

Dlamini SN, Lombard Z, Micklesfield LK, Crowther N, Norris SA, Snyman T, et
al. Glucocorticoids associate with cardiometabolic risk factors in black South
Africans. Endocr Connect. 2021;10(8):8373-84.

Polyzos SA, Targher G. Role of glucocorticoids in metabolic Dysfunction-
Associated steatotic liver disease. Curr Obes Rep. 2024;13(2):242-55.
Nagahori M, Hyun SB, Totsuka T, Okamoto R, Kuwahara E, TakebayashiT, et
al. Prevalence of metabolic syndrome is comparable between inflamma-
tory bowel disease patients and the general population. J Gastroenterol.
2010;45(10):1008-13.

Jovanovic M, Simovic Markovic B, Gajovic N, Jurisevic M, Djukic A, Jovanovic
|, et al. Metabolic syndrome attenuates ulcerative colitis: correlation

with interleukin-10 and galectin-3 expression. World J Gastroenterol.
2019;25(43):6465-82.

Arieira C, Monteiro S, Xavier S, Dias de Castro F, Magalhaes J, Moreira MJ, et
al. Hepatic steatosis and patients with inflammatory bowel disease: when
transient elastography makes the difference. Eur J Gastroenterol Hepatol.
2019;31(8):998-1003.

Dragasevic S, Stankovic B, Kotur N, Sokic-Milutinovic A, Milovanovic T, Lukic
S, et al. Metabolic syndrome in inflammatory bowel disease: association with
genetic markers of obesity and inflammation. Metab Syndr Relat Disord.
2020;18(1):31-8.

Nagahori M, Hyun SB, Totsuka T, Okamoto R, Kuwahara E, TakebayashiT, et
al. Prevalence of metabolic syndrome is comparable between inflammatory



Janani et al. Journal of Health, Population and Nutrition

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

bowel disease patients and the general population. J Gastroenterol.
2010;45:1008-13.

Cumpston MS, McKenzie JE, Welch VA, Brennan SE. Strengthening sys-
tematic reviews in public health: guidance in the Cochrane Handbook for
Systematic Reviews of Interventions, 2nd edition. J Public Health (Oxf).
2022,44(4).2588-€92.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev. 2015;4(1):1.

Institute TJB. Checklist for Cohort Studies 2017 [Available from: https://jbi.glo
bal/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Cohort_S
tudies2017_0.pdf

Institute TJB. Ckecklist for Case Control Studies 2017 [Available from: https://j
bi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Cas
e_Control_Studies2017_0.pdf

Institute JB. Checklist for Analytical Cross Sectional Studies 2017 [Available
from: https:/jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Che
cklist_for_Analytical_Cross_Sectional_Studies2017_0.pdf

Borenstein M. Comprehensive Meta-Analysis Software. Systematic Reviews in
Health Research2022. pp. 535-48.

Njeim R, Pannala SSS, Zaidan N, Habib T, Rajamanuri M, Moussa E et al.
Prevalence of metabolic syndrome and its association with cardiovascular
outcomes in hospitalized patients with inflammatory bowel disease. J Clin
Med. 2024;13(22).

Kang MK, Kim KO, Kim MC, Park JG, Jang BI. Sarcopenia is a new risk factor of
nonalcoholic fatty liver disease in patients with inflammatory bowel disease.
Dig Dis. 2020;38(6):507-14.

Magri S, Paduano D, Chicco F, Cingolani A, Farris C, Delogu G, et al. Nonalco-
holic fatty liver disease in patients with inflammatory bowel disease: beyond
the natural history. World J Gastroenterol. 2019;25(37):5676.

Jovanovic M, Markovic BS, Gajovic N, Jurisevic M, Djukic A, Jovanovic |, et al.
Metabolic syndrome attenuates ulcerative colitis: correlation with interleu-
kin-10 and galectin-3 expression. World J Gastroenterol. 2019,25(43):6465.
Sztembis J, Filip R, Pekala A, Kiela P, Witas B, Jarmakiewicz S, et al. editors.
Metabolic syndrome occurrence in patients with inflammatory bowel
disease in Poland-preliminary results from the POLIBD study. JOURNAL OF
CROHNS & COLITIS; 2018. OXFORD OX2 6DP, ENGLAND.

Sartini A, Gitto S, Bianchini M, Verga MC, Di Girolamo M, Bertani A, et al. Non-
alcoholic fatty liver disease phenotypes in patients with inflammatory bowel
disease. Cell Death Dis. 2018;9(2):87.

Carr RM, Patel A, Bownik H, Oranu A, Kerner C, Praestgaard A, et al. Intestinal
inflammation does not predict nonalcoholic fatty liver disease severity in
inflammatory bowel disease patients. Dig Dis Sci. 2017;62:1354-61.
Fitzmorris PS, Colantonio LD, Torrazza Perez E, Smith |, Kakati DD, Malik TA.
Impact of metabolic syndrome on the hospitalization rate of Crohn's disease

patients seen at a tertiary care center: a retrospective cohort study. Digestion.

2015,91(3):257-62.

Noubiap JJ, Nansseu JR, Lontchi-Yimagou E, Nkeck JR, Nyaga UF, Ngouo AT,
et al. Geographic distribution of metabolic syndrome and its components in
the general adult population: A meta-analysis of global data from 28 million
individuals. Diabetes Res Clin Pract. 2022;188:109924.

Wang R, Li Z, Liu'S, Zhang D. Global, regional and National burden of inflam-
matory bowel disease in 204 countries and territories from 1990 to 2019: a
systematic analysis based on the global burden of disease study 2019. BMJ
Open. 2023;13(3):e065186.

ZhaoY, Shao W, Zhu Q, Zhang R, Sun T, Wang B, et al. Association between
systemic immune-inflammation index and metabolic syndrome and its com-
ponents: results from the National health and nutrition examination survey
2011-2016. J Translational Med. 2023;21(1):691.

Souza RF, Caetano MAF, Magalhaes HIR, Castelucci P. Study of tumor necrosis
factor receptor in the inflammatory bowel disease. World J Gastroenterol.
2023,29(18):2733-46.

Alhendi A, Naser SA. The dual role of interleukin-6 in Crohn's disease patho-
physiology. Front Immunol. 2023;14:1295230.

Muresan S, Slevin M. C-reactive protein: an inflammatory biomarker and a
predictor of neurodegenerative disease in patients with inflammatory bowel
disease? Cureus. 2024;16(4):e59009.

Shahini A, Shahini A. Role of interleukin-6-mediated inflammation in

the pathogenesis of inflammatory bowel disease: focus on the available
therapeutic approaches and gut Microbiome. J Cell Communication Signal.
2023;17(1):55-74.

(2025) 44:112

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Page 14 of 15

Dotlacil V, Coufal S, Lerchova T, Zarubova K, Kucerova B, Tlaskalova-Hogenova
H, et al. Intestinal tissue levels of anti-TNF alpha, antibodies, and cytokines in
paediatric Crohn disease. Sci Rep. 2025;15(1):1138.

Shahub S, Kumar RM, Lin K-C, Banga |, Choi NK, Garcia NM et al. Continuous
monitoring of CRP, IL-6, and calprotectin in inflammatory bowel disease using
a Perspiration-Based wearable device. Inflamm Bowel Dis. 2024:izae054.
Chen P, Zhou G, Lin J, Li L, Zeng Z, Chen M, et al. Serum biomarkers for inflam-
matory bowel disease. Front Med. 2020;7:123.

Kahraman R, Calhan T, Sahin A, Ozdil K, Caliskan Z, Bireller ES et al. Are
adipocytokines inflammatory or metabolic mediators in patients with
inflammatory bowel disease? Therapeutics and clinical risk management.
2017;13:1295-301.

Kreuter R, Wankell M, Ahlenstiel G, Hebbard L. The role of obesity in
inflammatory bowel disease. Biochim Et Biophys Acta Mol Basis Disease.
2019;1865(1):63-72.

Eder P Adler M, Dobrowolska A, Kamhieh-Milz J, Witowski J. The role of adi-
pose tissue in the pathogenesis and therapeutic outcomes of inflammatory
bowel disease. Cells. 2019;8(6).

Hyun CK. Molecular and pathophysiological links between metabolic disor-
ders and inflammatory bowel diseases. Int J Mol Sci. 2021;22(17).

Yang X, Zhang X, Yang W, Yu H, He Q, Xu H, et al. Gut microbiota in adipose
tissue dysfunction induced cardiovascular disease: role as a metabolic organ.
Front Endocrinol. 2021;12:749125.

Santana PT, Rosas SLB, Ribeiro BE, Marinho Y, de Souza HSP. Dysbiosis in
inflammatory bowel disease: pathogenic role and potential therapeutic
targets. Int J Mol Sci. 2022;23(7).

Lal S, Kandiyal B, Ahuja V, Takeda K, Das B. Gut Microbiome dysbiosis in
inflammatory bowel disease. Prog Mol Biol Trans| Sci. 2022;192(1):179-204.
Zhang Z, Zhang H, Chen T, Shi L, Wang D, Tang D. Regulatory role of short-
chain fatty acids in inflammatory bowel disease. Cell Communication Signal.
2022;20(1):64.

Shin'Y, Han S, Kwon J, Ju S, Choi TG, Kang | et al. Roles of Short-Chain fatty
acids in inflammatory bowel disease. Nutrients. 2023;15(20).

Sultan S, E-Mowafy M, Elgaml A, Ahmed TAE, Hassan H, Mottawea W. Meta-
bolic influences of gut microbiota dysbiosis on inflammatory bowel disease.
Front Physiol. 2021;12:715506.

Scanu M, Toto F, Petito V, Masi L, Fidaleo M, Puca P, et al. An integrative multi-
omic analysis defines gut microbiota, mycobiota, and metabolic fingerprints
in ulcerative colitis patients. Front Cell Infect Microbiol. 2024;14:1366192.
Alshehri D, Saadah O, Mosli M, Edris S, Alhindi R, Bahieldin A. Dysbiosis of gut
microbiota in inflammatory bowel disease: current therapies and potential
for microbiota-modulating therapeutic approaches. Bosnian J Basic Med Sci.
2021;21(3):270-83.

Bai SH, Chandnani A, Cao S. Bile acids in inflammatory bowel disease: from
pathophysiology to treatment. Biomedicines. 2024;12(12).

John K, Marino JS, Sanchez ER, Hinds TD. Jr. The glucocorticoid recep-

tor: cause of or cure for obesity? Am J Physiol Endocrinol Metabolism.
2016;310(4):£249-57.

Li JX, Cummins CL. Fresh insights into glucocorticoid-induced diabe-

tes mellitus and new therapeutic directions. Nat Reviews Endocrinol.
2022;18(9):540-57.

Lim WS, Teoh SE, Tang ASP, Tan BJM, Lee JY, Yau CE et al. The effects of anti-
TNF-a biologics on insulin resistance and insulin sensitivity in patients with
rheumatoid arthritis: An update systematic review and meta-analysis. Diabe-
tes & Metabolic Syndrome: Clinical Research & Reviews. 2024;18(4):103001.
Bazile C, Abdel Malik MM, Ackeifi C, Anderson RL, Beck RW, Donath MY, et al.
TNF-a inhibitors for type 1 diabetes: exploring the path to a pivotal clinical
trial. Front Immunol. 2024;15:1470677.

Barrett K, Saxena S, Pollok R. Using corticosteroids appropriately in inflamma-
tory bowel disease: a guide for primary care. Br J Gen Practice: J Royal Coll
Gen Practitioners. 2018,68(675):497-8.

Paschou SA, Kothonas F, Lafkas A, Myroforidis A, Loi V, Terzi T, et al.

Favorable effect of Anti-TNF therapy on insulin sensitivity in Nonobese,
nondiabetic patients with inflammatory bowel disease. Int J Endocrinol.
2018;2018:6712901.

Farraj KL, Pellegrini JR, Munshi RF, Russe-Russe J, Kaliounji A, Tiwana MS,

et al. Chronic steroid use: an overlooked impact on patients with inflam-
matory bowel disease. JGH Open: Open Access J Gastroenterol Hepatol.
2022,6(12):910-4.

Barkan R, Shpoker L, Abboud R, Nafrin S, llsar T, Ofri L, et al. Factors associated
with corticosteroid use in Crohn's disease and ulcerative colitis patients in


https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Cohort_Studies2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Cohort_Studies2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Cohort_Studies2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Case_Control_Studies2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Case_Control_Studies2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Case_Control_Studies2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Analytical_Cross_Sectional_Studies2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Analytical_Cross_Sectional_Studies2017_0.pdf

Janani et al. Journal of Health, Population and Nutrition

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Israel: A multicenter cross-sectional study. Dig Liver Disease: Official J Italian
Soc Gastroenterol Italian Association Study Liver. 2024;56(5):744-8.
Gajendran M, Loganathan P, Jimenez G, Catinella AP, Ng N, Umapathy C,

et al. A comprehensive review and update on ulcerative colitis(). Dis Mon.
2019,65(12):100851.

Vaisman N, Dotan |, Halack A, Niv E. Malabsorption is a major contribu-

tor to underweight in Crohn’s disease patients in remission. Nutrition.
2006,22(9):855-9.

Santarpia L, Alfonsi L, Castiglione F, Pagano MC, Cioffi |, Rispo A et al. Nutri-
tional Rehabilitation in Patients with Malnutrition Due to Crohn’s Disease.
Nutrients. 2019;11(12).

Cioffi M, Rosa AD, Serao R, Picone |, Vietri MT. Laboratory markers in ulcerative
colitis: current insights and future advances. World J Gastrointest Pathophysi-
ology. 2015;6(1):13-22.

El-Hussuna A, Varghese C, Bhat V, Quist N. Inflammatory response in patients
with Crohn's disease compared with ulcerative colitis: secondary results of a
prospective pilot study. Crohn’s Colitis 360. 2022;4(4):0tac047.

Huang AA, Huang SY. Quantification of the relationship of pyridoxine and
spirometry measurements in the united States population. Curr Develop-
ments Nutr. 2023;7(8):100078.

Barkan R, Shpoker L, Abboud R, Nafrin S, llsar T, Ofri L, et al. Factors
associated with corticosteroid use in Crohn's disease and ulcerative colitis
patients in Israel: A multicenter cross-sectional study. Dig Liver Disease.
2024:;56(5):744-8.

Zhdanava M, Zhao R, Manceur AM, Ding Z, Boudreau J, Kachroo S, et al.
Burden of chronic corticosteroid use among patients with ulcerative colitis
initiated on targeted treatment or conventional therapy in the united States.
JManaged Care Specialty Pharm. 2024;30(2):141-52.

Tsigalou C, Paraschaki A, Bragazzi NL, Aftzoglou K, Bezirtzoglou E, Tsakris

Z, et al. Alterations of gut Microbiome following Gastrointestinal surgical
procedures and their potential complications. Front Cell Infect Microbiol.
2023;13:1191126.

Skouras T, Dodd S, Prasad Y, Rassam J, Morley N, Subramanian S. Brief report:
length of ileal resection correlates with severity of bile acid malabsorption in
Crohn's disease. Int J Colorectal Dis. 2019;34(1):185-8.

(2025) 44:112

96.

97.

98.

99.

101.

103.

Page 15 of 15

Li X, Li C, Zhang W, Wang Y, Qian P, Huang H. Inflammation and aging: signal-
ing pathways and intervention therapies. Signal Transduct Target Therapy.
2023;8(1):239.

Lin YH, Chiou JM, ChenTF, Lai LC, Chen JH, Chen YC. The association between
metabolic syndrome and successful aging- using an extended definition of
successful aging. PLoS ONE. 2021;16(11):e0260550.

Huang AA, Huang SY. Use of machine learning to identify risk factors for
insomnia. PLoS ONE. 2023;18(4):20282622.

Kedia S, Limdi JK, Ahuja V. Management of inflammatory bowel disease in
older persons: evolving paradigms. Intestinal Res. 2018;16(2):194-208.

. Sousa P, Bertani L, Rodrigues C. Management of inflammatory bowel disease

in the elderly: A review. Dig Liver Disease: Official J Italian Soc Gastroenterol
Italian Association Study Liver. 2023;55(8):1001-9.

Cao B, Zhao X, Lu Z, Zhang H. Accelerated biological aging and risk of inflam-
matory bowel disease: A prospective study from 401,013 participants. J Nutr
Health Aging. 2025;29(4):100505.

. Huang AA, Huang SY. Increasing transparency in machine learning through

bootstrap simulation and shapely additive explanations. PLoS ONE.
2023;18(2):20281922.

Bonanad C, Fernandez-Olmo R, Garcia-Blas S, Alarcon JA, Diez-Villanueva P,
Mansilla CR, et al. Cardiovascular prevention in elderly patients. J Geriatric
Cardiology: JGC. 2022;19(5):377-92.

. Matsuoka K, Kobayashi T, Ueno F, Matsui T, Hirai F, Inoue N, et al. Evidence-

based clinical practice guidelines for inflammatory bowel disease. J Gastroen-
terol. 2018;53(3):305-53.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Prevalence of metabolic syndrome in patients with inflammatory bowel disease: a meta-analysis on a global scale
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Search strategy
	﻿Study selection and eligibility criteria
	﻿Quality assessment
	﻿Data extraction
	﻿Statistical analyses

	﻿Results
	﻿Study selection
	﻿Study characteristics
	﻿Results of meta-analysis
	﻿Total
	﻿Prevalence of Mets in UC and CD
	﻿Comparison of the age of IBD patient with and without Mets


	﻿Discussion
	﻿Limitations and future directions

	﻿Conclusion
	﻿References


