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Introduction: Perianal abscess (PA), a common anorectal emergency, affects approximately 2-3% of the global population.
Increasing evidence indicates a relationship between PA and metabolic disorders. Considering the anticipated rise in diabetes mellitus
(DM) cases to 1 billion worldwide by 2045, clarifying the epidemiological association and clinical characteristics linking glucose
dysregulation with PA holds considerable clinical importance.

Purpose: This study aimed to elucidate the bidirectional epidemiological relationship between DM and PA and to define their
respective clinical profiles, thereby contributing to risk stratification and optimization of management strategies.

Methods: Observational studies examining the association between DM and PA were systematically retrieved from PubMed,
EMBASE, Cochrane Library, CNKI, Wanfang, and VIP databases (from inception to November 2024). Two independent reviewers
conducted study selection, data extraction, and quality assessment using the Newcastle-Ottawa Scale. Random-effects models were
applied to calculate pooled prevalence, odds ratios (OR), relative risks (RR), and 95% confidence intervals (CI). Heterogeneity,
sensitivity, and publication bias were evaluated using Cochran’s Q test, I statistics, subgroup analyses, and Egger’s test.

Results: The meta-analysis demonstrated a strong bidirectional association between DM and PA, with 30.7% of PA cases occurring in
patients with DM and 22.0% of individuals with DM developing PA. Male sex conferred a significantly higher risk (OR=15.00, 95%
CI: 7.87-28.59). DM was linked to altered microbial profiles—lower prevalence of Escherichia coli (OR=0.57, 95% CI: 0.39-0.84)
and higher detection of Klebsiella pneumoniae (OR=4.73, 95% CI: 1.30-17.19)—as well as increased occurrence of high abscesses
(OR=1.72, 95% CI: 1.00-2.94), older age at onset (+5.53 years), and higher recurrence rates compared with non-DM patients.
Conclusion: The interrelationship between DM and PA is characterized by mutual risk amplification and distinct clinical manifesta-
tions, including sex-related vulnerability, microbial alterations, and poorer prognostic outcomes. These findings indicate the necessity
for individualized antimicrobial regimens and enhanced postoperative monitoring in patients with DM.
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Introduction

Diabetes mellitus (DM), affecting over 500 million individuals worldwide, represents a major global health challenge
associated with metabolic dysregulation and multiple complications.' Among its comorbidities, perianal abscess (PA)—a
common proctologic condition arising from bacterial infection secondary to anal gland obstruction—requires particular
clinical attention due to its distinctive pathophysiology. PA typically develops following glandular blockage and
manifests as persistent pain, localized erythema, swelling, and the formation of a fluctuant mass as the abscess matures.
Individuals with DM often exhibit impaired immune responses, predisposing them to infections such as anal fistula and
perianal abscess. These infections are characterized by an abrupt onset and rapid progression, frequently accompanied by
systemic manifestations including high fever, severe perianal pain, diarrhea, electrolyte imbalances, and, in severe cases,

septic shock. Without prompt treatment, clinical deterioration may occur rapidly.” Consequently, early surgical
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intervention upon diagnosis is essential to control infection and mitigate disease progression.® Such procedures constitute
approximately 8-25% of all cases in colorectal surgery practice.*

The development of PA in DM is influenced by three interrelated pathogenic mechanisms. Hyperglycemia creates
a favorable milieu for pathogenic bacterial proliferation while diminishing the bactericidal capacity of the blood and
altering both the composition and function of the commensal microbiota.® Persistent hyperglycemia induces microangio-
pathic changes that impair local perfusion and tissue regeneration, facilitating bacterial colonization. Concurrent
disturbances in protein metabolism contribute to negative nitrogen balance and reduced immune competence, signifi-
cantly weakening antimicrobial defenses. Moreover, autonomic neuropathy-associated gastrointestinal dysmotility and
chronic constipation promote bacterial translocation through continuous mechanical irritation. Widespread administration
of broad-spectrum antibiotics has further increased antimicrobial resistance, leading to a rising prevalence of multidrug-
resistant Gram-negative bacilli and complex resistance profiles. As a result, postoperative infections have become among
the most common complications.’ Patients with DM are particularly prone to accelerated abscess progression and exhibit
a greater likelihood of complex clinical manifestations compared with non-diabetic individuals.

Epidemiological data indicate a strong association between DM and PA, with population-based analyses revealing
a markedly higher incidence among individuals with DM compared with the general population.®’

Perianal infections have increasingly been identified as significant contributors to DM-related morbidity.'® Clinically,
patients with diabetic perianal abscess frequently exhibit delayed postoperative wound healing, predisposing them to
recurrent abscess formation and, in severe cases, to complications such as anal fistula and necrotizing fasciitis.'' Age-
stratified assessments reveal a substantially higher prevalence of PA in type 2 diabetes mellitus (T2DM) than in type 1
diabetes mellitus (TIDM).'? Recurrence rates following PA treatment reach 28.6% among T2DM patients,'® whereas
individuals without diabetes but presenting with chronic anal fistula experience a 2.69-fold higher recurrence risk

compared with diabetic counterparts,'*

suggesting that impaired glucose metabolism significantly influences disease
recurrence and progression. These pathological outcomes are likely mediated by DM-induced physiological alterations,
including dysbiosis of the intestinal microbiota and diminished neutrophil phagocytic capacity, which is reduced by
approximately 42%.'>'¢

Global data on disease burden further demonstrate that in the United States, an estimated 68,000 to 96,000 new cases
of anorectal abscess occur annually, with the highest incidence between ages 20 and 60, a mean onset age of 40 years,
and a male-to-female ratio of 2.3:1."” As of 2021, China—currently bearing the highest global diabetes prevalence—had
over 140 million adults diagnosed with the disease,'® reflecting a considerable challenge in addressing diabetes-related
PA. Despite increasing recognition of the association between DM and PA, reported risk estimates and mechanistic
interpretations remain inconsistent across studies. To date, no comprehensive meta-analysis has systematically examined
this relationship. The present study employed meta-analytic methods to integrate available evidence, quantify the
correlation between DM and PA, and identify potential mechanistic links, thereby providing a foundation for evidence-
based risk assessment and refined clinical management strategies.

Methods
Study Design and Registration

This systematic review and meta-analysis was conducted in strict accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The study protocol was prospectively registered in the
PROSPERO International Registry of Systematic Reviews on 26 November 2024 (Registration ID: CRD42024612387).
All procedures for study execution and reporting followed PRISMA standards, with corresponding checklists provided
for the abstract and full manuscript in Tables S1 and S2, respectively.

Literature Search Strategy

A comprehensive literature search was performed in PubMed, EMBASE, Cochrane Library, CNKI, Wanfang, and VIP
databases from their inception to 9 November 2024. The search strategy incorporated both controlled vocabulary terms
(MeSH and Emtree) and free-text keywords, as detailed in Table S3. The primary search terms included [“Diabetes
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Mellitus” OR “Type 1 Diabetes” OR “Type 2 Diabetes”] AND [“Perianal Abscess” OR “Anorectal Abscess”], with
corresponding Chinese terms applied to domestic databases. The detailed search process is illustrated in Figure 1. To
ensure completeness, additional approaches included (1) manual examination of reference lists from eligible studies, (2)
retrieval of relevant records from the Cochrane Central Register of Controlled Trials, and (3) identification of additional

data through pertinent grey literature sources.

Research Screening and Inclusion Criteria

Studies were deemed eligible according to the following criteria: (1) Study design conformed to a case-control, cohort, or
cross-sectional framework; (2) Exposure and outcome definitions included diabetic (case) and non-diabetic (control)
populations classified by internationally accepted diagnostic standards (eg, WHO, ADA) or cohorts stratified by the
presence or absence of PA; (3) Effect estimates, including relative risk (RR), odds ratio (OR), and corresponding 95%
confidence interval (CI), were either directly reported or calculable from available raw data. Exclusion criteria included:
(1) non-original articles such as reviews, case reports, or experimental studies; (2) studies involving participants with
major comorbidities, including immunodeficiency or malignancy; and (3) publications containing duplicate datasets or

insufficient critical information.

Identification of studies via databases and registers

e\
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E database searching Records removed before
(n=1092 ) R screening:
b Duplicate records removed
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- through other sources (n=4)
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Figure | Document retrieval flow chart.
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Data Extraction and Quality Evaluation

Screening, data extraction, and quality appraisal were independently performed by two investigators, with any discre-
pancies resolved through consensus or adjudication by a third reviewer. The statistical analysis section outlined
procedures for addressing heterogeneity, including subgroup analyses. Standardized data extraction tables were used to
record: (1) study characteristics—first author, publication year, country or region, study design, and sample size; (2)
exposure and outcome variables—diagnostic criteria for diabetes and classification of PA (low vs high); and (3) effect
estimates—RR or OR with 95% CI, or raw data obtained from a fourfold contingency table Methodological quality was
assessed using the Newcastle-Ottawa Scale (NOS):'® (1) For case-control studies, NOS scores >7 were considered high
quality, scores of 4-6 moderate quality, and <3 low quality (Table S4); (2) For cross-sectional studies, quality was
evaluated using the AHRQ scale, with scores >8 categorized as high quality, 4-7 as moderate quality, and <3 as low
quality®® (Table S5).

Statistical Analysis

Statistical analyses were performed using Stata 16.0 (StataCorp, College Station, TX, USA) and RevMan 5.3 (The
Cochrane Collaboration, Copenhagen, Denmark).?' For dichotomous outcomes, pooled estimates were expressed as OR
or RR with corresponding 95% CI. Continuous variables were analyzed using the weighted mean difference (WMD).
Heterogeneity among studies was evaluated using the Cochran Q test (o = 0.10) and quantified with the I” statistic, where
I> > 50% indicated substantial heterogeneity. In the presence of high heterogeneity, a random-effects model
(DerSimonian-Laird method) was applied; otherwise, a fixed-effects model (Mantel-Haenszel method) was used.
Sensitivity analyses were conducted by sequentially excluding individual studies and alternating between modeling
approaches to assess result robustness. Subgroup analyses were performed according to study design (case-control or
cohort) and geographic region (Asia vs Europe/United States). Publication bias was assessed using Egger’s regression
test (applied to datasets including >10 studies) in conjunction with visual inspection of funnel plots. Statistical
significance was defined as a two-sided P-value < 0.05. All analytical procedures, including codes and intermediate
data, were retained to ensure traceability and reproducibility throughout the analysis.

Results

Literature Search results

A total of 1,092 publications were initially retrieved. After eligibility screening, 14 studies met the inclusion criteria, as
shown in Figure 1. Among these, 11 were published in Chinese and 3 in English. The included studies comprised 11
case-control and 3 cross-sectional designs. Geographically, 12 studies originated from Asia, and one each from Europe
and North America. Detailed characteristics of the included studies are summarized in Table 1.

Meta-Analysis results

Meta-Analysis of the Prevalence of PA with DM

Fourteen studies involving 21,129 cases were analyzed to evaluate the comorbidity between DM and PA (Figure 2). The
studies were divided into two analytical groups: Group 1 (13 studies, n=21,129 PA patients, including 1,422 with DM)
and Group 2 (1 study, n=100 DM patients, including 22 with PA). Substantial heterogeneity was observed across studies
(I’=99.056%, P<0.001), justifying the application of a random-effects model. The heterogeneity likely arose from
differences in study design (cross-sectional vs cohort), demographic characteristics (geographical region, age, and sex
distribution), and diagnostic criteria (HbAlc vs fasting blood glucose). Subgroup analysis revealed significant hetero-
geneity within Group 1 (I’=99.112%, P<0.001), where the pooled prevalence of DM among patients with PA was
estimated at 30.7% (95% CI: 17.5-45.7%). The wide confidence interval suggested limited precision in this estimate. In
contrast, Group 2 demonstrated low heterogeneity (I>=22.0%, P=0.298), with a pooled prevalence of PA among DM
patients of 22.0% (95% CI: 15.0-31.1%), indicating higher result stability. Study weights ranged from 7.02% to 7.30%,
reflecting balanced contributions across datasets without dominance by any single study. The bidirectional comparison
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Table | Characteristic of Included Study

Study, Country *Research Literature Case Group/ Duration Male/Female Age (Yeas) Diagnostic #Secondary Outcome
Type (1, 2) Score Control Group (Yeas) Criteria Indicators (4,5,6,7,8)

Hamadani A'* 2009, USA 2 5 30/148 1995-2007 105/43 20-88 Yes 6

Zhang SX*2 2011, China | 5 103/463 2005-2019 479187 - NO 4,6,8

Ren HN?* 2012, China | 6 25/39 2009-2011 | 57/7 218 NO 4,56

Zeng T2 2016, China | 6 75/78 2010-2014 - =18 NO 4,56

Adamo K® 2016, Sweden 2 7 755/18877 1997-2009 11138/4557 =18 Yes

Xu L*® 2017, China | 7 37/166 20112016 | - 218 Yes 4,5

Xuan R% 2018, China | 8 50/30 2015-2017 67/13 =18 Yes 4,57

Deng TY?” 2019, China | 8 40/40 2016-2018 67/13 25-56 Yes 4,578

Lu Y?® 2019, China | 8 76/124 20122019 | 140/60 35-65 Yes 4

Lu LY?® 2019, China I 8 42/162 2017 150/14 218 Yes 4,78

Kuang WJ*® 2020, China | 6 72/72 2017-2019 86/58 218 NO

Fan KF?' 2022, China | 8 105/100 2020-2022 155/50 18-75 Yes 8

Yano T 2010,%? Japan 2 5 12/205 2003-2008 185/20 20-80 NO

Jin Y 2023,% China | 8 22/78 2019-2022 - 218 Yes

Notes: *Research type (I, 2) |. Case-control study, 2. Cross-sectional study; #Secondary Outcome Indicators (4, 5, 6, 7, 8) 4. Escherichia coli, 5. Klebsiella pneumoniae, 6.
Postoperative recurrence, 7. Disease course, 8. Type of abscess.

revealed a significant disparity in comorbidity rates (PA patients with DM: 30.7% vs DM patients with PA: 22.0%,
P<0.05), suggesting that DM serves as a significant risk factor for the occurrence of PA.

Gender-Specific Risk Analysis

Eleven studies including 21,432 participants were analyzed using random-effects models to assess gender disparities in
PA incidence. The pooled results demonstrated a substantially higher risk among males (OR=15.00, 95% CI: 7.87-28.59,
P<0.00001), accompanied by considerable heterogeneity (I°=97%, t°=1.09) (Figure 3). Subgroup analyses revealed
significant regional variation in the association between diabetes mellitus and perianal abscess. In Asian populations (8
studies, n=1,748),%**°32 the pooled odds ratio reached 19.37 (95% CI: 8.72—43.04), indicating a markedly increased
risk, although heterogeneity remained extreme (I’=95%, t°=1.38). Conversely, studies conducted outside Asia (2 studies,
n=18,265)*'* reported a more moderate but highly consistent association, with an OR of 4.76 (95% CI: 4.55-4.98) and
negligible heterogeneity (I”=0%, t>=0.00). These results indicate a stronger effect size in Asian cohorts and substantial
regional variation in both the strength and stability of the diabetes—perianal abscess relationship. Regional factors
accounted for 91.6% of the heterogeneity between subgroups (x*=11.84, P=0.0006), with Asian populations exhibiting
a 4.1-fold greater effect magnitude. Contributing methodological differences included diagnostic approaches (clinical or
imaging-based in Asian studies versus ICD-coded in non-Asian studies) and sample size variation (Asian: 64—566 vs
non-Asian: >10,000). Sensitivity analysis excluding Yano T 2010 reduced heterogeneity within the Asian subgroup to
1’=93% (OR=14.20, 95% CI: 8.15-24.73). Transitioning to a fixed-effects model maintained statistical significance
(OR=12.60, 95% CI. 10.50-15.12), confirming the stability and reliability of the observed male predominance
(OR=15.00).

Analysis of Age Differences
Eight studies® 24263¢
models to evaluate age-related differences. The pooled analysis demonstrated that patients with DM-associated PA had
a significantly higher mean age (MD=5.53 years, 95% CI: 1.34-9.72, P=0.010), accompanied by substantial hetero-
geneity (I’=93%, 1°=32.50, x*=104.98, df=7, P<0.00001). Directional consistency was observed in seven of the eight
studies, all indicating older age in the DM-PA cohort (Figure 4). The heterogeneity primarily stemmed from clinical

involving 483 PA cases with DM and 1,008 PA-only controls were analyzed using random-effects

variability in sample sizes of the case groups (18—135 participants), methodological inconsistencies in age measurement
and diabetes diagnostic standards (eg, HbAlc versus fasting glucose), and geographical confounding due to the lack of
regional stratification in study inclusion.
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Figure 2 Prevalence forest map.

Escherichia Coli Detection Rate Analysis

Six studies®*2"*°

involving 269 DM-PA cases and 515 PA-only controls were included in the analysis of Escherichia
coli detection. Results from the fixed-effects model indicated a significantly lower detection rate of E. coli in diabetic
patients with PA (OR=0.57, 95% CI: 0.39-0.84, P=0.005). The use of the fixed-effects model was supported by low
heterogeneity (1°=23%, y¥’=6.47, df=5, P=0.26) (Figure 5). The consistency across studies likely reflected standardized
pathogen identification procedures and comparable baseline characteristics between groups, including age distribution

and disease duration.

Meta-Analysis of the Detection Rate of Klebsiella pneumoniae
Five case-control studies™ 2’ involving 227 DM-PA cases and 353 PA-only controls (Figure 6) demonstrated
a significantly higher detection rate of Klebsiella pneumoniae in diabetic PA patients (OR=4.73, 95% CI: 1.30-17.19,
P=0.02), based on a random-effects model. Substantial heterogeneity was identified across studies (I’=85%, P<0.0001),
arising from several methodological and contextual factors. Variability in bacterial identification methods—ranging from
culture-based assays to PCR and mass spectrometry—contributed to inconsistencies in microbial detection. Differences
in diabetes diagnostic criteria, including duration and glycemic control thresholds, introduced further methodological
divergence. Epidemiological variation likely resulted from temporal discrepancies in study periods (2012-2019), during

which empirical antibiotic usage patterns and regional resistance profiles evolved. Geographic disparities reflecting
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Total events 11243 4600

Heterogeneity: Tau? = 0.00; Chi?=0.78, df = 1 (P = 0.38); I? = 0%
Test for overall effect: Z = 68.26 (P < 0.00001)

2.3.2 Asian region
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Zhang SX 2011 479 566 87 566 9.7%  30.31[21.95,41.87] 2011 ===
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Fan KF 2022 155 205 50 205 9.5% 9.61[6.12, 15.08] 2022 —=—

Subtotal (95% CI) 1748 1748  80.7%  19.37 [8.72, 43.04] <
Total events 1386 322
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Test for subaroup differences: Chi? = 11.84. df = 1 (P = 0.0006). I = 91.6%
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Figure 3 Male and female prevalence forest map.

Case group Control group Mean Difference Mean Difference
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Zeng T 2016 53.8 9.8 75 409 106 78 13.0% 12,90 [9.67, 16.13] 2016 [
Xuan R 2018 52.24 14.46 50 4561 15.53 30 102%  6.63[-0.22, 13.48] 2018 [
Deng TY 2019 4253 596 40 4021 562 40 134% 2.32[-0.22,4.86] 2019 H
LuY 2019 4358 845 76 4358 845 124 134% 0.00 [-2.41,2.41] 2019 T
LulLY 2019 41.74 14.22 42 4174 1422 162 11.8% 0.00 [-4.83,4.83) 2019 5
Kuang WJ 2020 458 541 72 461 48 72 13.8% -0.30 [-1.92, 1.32] 2020
Total (95% ClI) 483 1008 100.0% 5.53 [1.34,9.72] *
Heterogeneity: Tau? = 32.50; Chi® = 104.98, df = 7 (P < 0.00001); I = 93% ! + + 1

-100 -50 0 50 100

Test for overall effect: Z = 2.59 (P = 0.010) Favours [experimental] Favours [control]

Figure 4 Forest map of the age of illness.

Case group Control group Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Ren HN 2012 23 25 36 39 32% 0.96 [0.15, 6.18] 2012 P
Zeng T 2016 67 75 7 78 10.7% 0.83[0.28, 2.40] 2016 P B
Xu L 2017 12 37 90 166 31.8% 0.41[0.19, 0.86) 2017 Tl
Xuan R 2018 27 50 14 30 11.6% 1.34 [0.54, 3.33] 2018 a=r—
Deng TY 2019 27 40 35 40 16.3% 0.30 [0.09, 0.93] 2019 e
Lu LY 2019 8 42 55 162 26.3% 0.46 [0.20, 1.06] 2019 =1
Total (95% CI) 269 515 100.0% 0.57 [0.39, 0.84] S 4
Total events 164 301 ) )

Heterogeneity: Chi? = 6.47, df = 5 (P = 0.26); I> = 23%

Test for overall effect: Z = 2.82 (P = 0.005) - O 4 .l Lo

Favours [experimental] Favours [control]

Figure 5 Forest map of Escherichia coli detection.
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Figure 6 Forest map of Klebsiella pneumoniae detection.

environmental hygiene conditions and host genetic susceptibilities also added to the heterogeneity. Moreover, bias related
to study design emerged from the inclusion of both prospective and retrospective methodologies, compounded by
incomplete verification of diabetes exclusion in control groups. Given the limited number of studies (n=5), funnel plot
analysis was not conducted to evaluate potential publication bias.

Meta-Analysis of PA Types

Four case-control studies®>27-2%31

involving 290 DM-PA cases and 765 PA-only controls examined the relationship
between abscess location (high-type vs low-type) and diabetes status. Random-effects meta-analysis revealed substantial
heterogeneity across studies (I’=72%, P=0.0006). Subgroup analysis identified abscess classification as a significant
modifying factor (Chi*=7.78, P=0.005, I’=67.1%), with distinct associations observed for different anatomical types:
high-type abscesses demonstrated an OR of 1.72 (95% CI: 1.21-2.45), whereas low-type abscesses were associated with
an OR of 0.58 (95% CI: 0.39-0.87) (Figure 7). The heterogeneity primarily stemmed from methodological inconsistency
in defining high-type abscesses—particularly variations in assessing sphincter space involvement. Clinical variability
further contributed, as many studies lacked adjustment for critical prognostic factors such as diabetes duration and

glycemic control, both of which may substantially influence infection spread and abscess localization.

Case group Control group Odds Ratio Odds Ratio
d 0 B gm gibﬁ gl

1.12.1 High-level Abscess
Zhang SX 2011 21 103 44 463 16.7% 2.44[1.38,4.32] 2011 “ue
LuLY 2019 2 42 1 162 4.2% 8.05[0.71,91.01] 2019
Deng TY 2019 13 40 1" 40 12.7% 1.27 [0.49, 3.31] 2019 =" -
Fan KF 2022 34 105 29 100 16.4% 1.17 [0.65, 2.12] 2022 N
Subtotal (95% CI) 290 765 50.0% 1.72 [1.00, 2.94] o
Total events 70 85

Heterogeneity: Tau? = 0.11; Chi* = 4.99, df =3 (P = 0.17); I = 40%
Test for overall effect: Z = 1.97 (P = 0.05)
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Figure 7 Forest map of PA occurrence type.
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Case group Control group Mean Difference Mean Difference
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LulY 2019 8.33 7.053 42 833 7585 162 3.4% 0.00[-2.43,2.43] 2019
Deng TY 2019 471 1.02 40 438 1.07 40 955% 0.33[-0.13,0.79] 2019
Total (95% Cl) 132 232 100.0% 0.35[-0.10, 0.80]

} 4 |

-100 -50 0 50 100
Case group Control group
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Figure 8 Forest map of disease course.

Meta-Analysis of the Course of PA

Three case-control studies?®?"*° (132 DM-PA cases vs 232 PA-only controls, Figure 8) were analyzed using fixed-effects
models (I7=0%, P=0.39). The pooled estimate indicated no significant difference in disease duration between the two groups
(MD=0.38 days, 95% CI: —0.08-0.84, P=0.11). Sensitivity analysis excluding Deng TY 2019 further reduced the effect size
(MD=-0.03 days, 95% CI: —1.52—1.46, P=0.97), confirming the absence of association. The minor heterogeneity detected
was largely attributed to measurement bias arising from inconsistent definitions of disease duration, such as differing start
points based on symptom onset versus clinical diagnosis. Limited statistical power due to small sample size (n=132) likely
further constrained the ability to detect subtle differences. Overall, the aggregated evidence indicated that diabetes exerted no
measurable influence on the clinical course or duration of perianal abscess (pooled MD=0.35 days, P=0.12).

Meta-Analysis of Postoperative Recurrence Risk of PA

Four case-control studies!*??2*

involving 233 DM-PA cases and 698 PA-only controls (Figure 9) demonstrated no
statistically significant association between diabetes and postoperative recurrence of PA, with a pooled OR of 0.70 (95%
CI: 0.31-1.56, P=0.37) under a fixed-effects model (I>=24%, P=0.27). Sensitivity analysis excluding Hamadan A 2009
yielded an OR of 1.40 (95% CI: 0.56-3.49, P=0.47), reinforcing the limited statistical precision of the pooled estimate.
The modest heterogeneity primarily resulted from low recurrence event rates (9 cases vs 39 controls) and the absence of
detailed reporting on relevant clinical parameters, including glycemic control (eg, HbAlc levels), surgical techniques,
and antibiotic regimens. Within these constraints, the available evidence does not substantiate diabetes as an independent

risk factor for perianal abscess recurrence.

Sensitivity Analysis and Publication Bias Detection

Evaluation of publication bias across 14 prevalence studies yielded the following results: Egger’s test indicated
a significant intercept (f=3.967, 95% CI: 2.628-5.306, P=0.000), implying potential bias in the publication process.
However, the slope coefficient was not statistically significant ($=0.011, 95% CI: —0.023 to 0.045, P=0.495), suggesting
an absence of small-study effects. Begg’s test produced a continuity-corrected P-value of 0.442 (Kendall’s Score=15),
further indicating no significant publication bias. The inconsistency between Egger’s and Begg’s results likely reflects
distributional asymmetry related to small-sample studies rather than genuine publication bias (Figure 10).

Case group Control group Odds Ratio Odds Ratio
—Study or Subgroup _Events Total Events Total Weight M-H, Fixed 95%ClYear ~ M-H, Fixed, 95% CI
Hamadani A 2009 3 30 31 118 71.9% 0.31[0.09, 1.10] 2009 _._
Zhang SX 2011 2 103 5 463 11.3% 1.81[0.35,9.48] 2011 . B
Ren HN 2012 1 25 1 39 48% 1.58 [0.09, 26.52] 2012
Zeng T 2016 3 75 2 78 12.0% 1.58 [0.26, 9.75] 2016 -1y
Total (95% Cl) 233 698 100.0% 0.70 [0.32, 1.53] <
Total events 9 39 s -

Heterogeneity: Chi? = 3.96, df = 3 (P = 0.27); I’ = 24%

Test for overall effect: Z = 0.90 (P = 0.37) 0.01 0.1 L 10 100

Favours [experimental] Favours [control]

Figure 9 Postoperative recurrence forest map.
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Tests for Publication Bias

a.Begg's Test

adj. Kendall's Score (P-Q) = 15
Std. Dev. of Score = 18.21 (corrected for ties)
Number of Studies = 14
zZ = 0.82
Pr > |z| = eo.410
Z = 0.77 (continuity corrected)
Pr > |z| = ©.442 (continuity corrected)
b.Egger's test
Std_Eff Coef. Std. Err. t P>|t]| [95% Conf. Interval]
slope .0110922 .0157755 .70 0.495 -.0232796 .0454641
bias 3.967011 .6144059 6.46 ©.000 2.628335 5.305686

Figure 10 Assessment of Publication Bias. (a) Funnel plot displaying the distribution of effect sizes versus standard errors from the included studies. (b) Publication bias was
quantitatively assessed using Egger’s linear regression method and Begg’s rank correlation test. Egger’s test results: Regression intercept = 3.967 (95% Cl: 2.628-5.306; P = 0.000),
slope =0.01 | (P =0.495). Begg's test results: Continuity-corrected Kendall’s score = |5, P-value = 0.442. The use of bold text in the artwork (Begg’s and Egger’s test results) is solely
for visual presentation and legibility within the figure. It does not indicate any statistical significance or carry any special meaning regarding the interpretation of the results.

Discussion

Epidemiological Association Between Diabetes and Perianal Abscess

Accumulating epidemiological evidence identifies diabetes as an independent risk factor for PA, with diabetic individuals
exhibiting a 1.81-2.01-fold higher incidence compared with non-diabetic populations.>* This association is linked to
diabetes-induced metabolic dysregulation, immune dysfunction, and microvascular abnormalities, which collectively
impair skin barrier integrity through reduced fibroblast activity and delayed keratinocyte maturation.”> A longitudinal
cohort study by Wei PL et al*® reported a significantly higher prevalence of diabetes among PA patients than among
controls (13.9% vs 7.8%) over a five-year follow-up period, corresponding to incidence rates of 3.00 (95% CI:
2.60-3.43) versus 1.65 per 100 person-years (95% CI: 1.52—1.79), respectively. The pooled meta-analysis corroborated
diabetes as an independent determinant of PA risk. Malekpour Alamdar et al'® further demonstrated that poor glycemic
control (HbAlc >7.5%) was the strongest predictor of abscess recurrence. Moreover, diabetes-associated gastrointestinal
dysfunctions—such as gastroparesis, constipation, and diarrhea—affect approximately 40-50% of patients and may

predispose them to perianal infections through altered bowel habits, mucosal injury, and local tissue vulnerability.'*~’

Gender Disparities and Anatomical Determinants

Clinical and epidemiological data consistently indicate a strong male predominance in PA incidence, with meta-analytic
evidence showing a 14.01-fold higher risk in males than in females (OR=14.01, 95% CI: 7.82-25.09).>® This disparity
likely arises from sex-specific anatomical differences in anal gland structure and distribution; males generally possess
a greater number of glands with wider ductal distribution and enhanced secretory activity, predisposing them to

obstruction and secondary bacterial invasion. Hamadani et al'* proposed that initial infections in diabetic patients may
provoke intensified inflammatory responses, leading to fibrosis and obliteration of fistulous tracts—pathophysiological

changes that may further increase susceptibility to abscess formation.

Age-Related Patterns and Immunopathological Mechanisms

Epidemiological evidence indicates that PA occurs most frequently among adults aged 20-40 years.** The present
analysis identified a 5.53-year higher mean age in diabetic patients compared with non-diabetic controls (MD=5.53 years,
95% CI: 1.34-9.72). This age-related difference reflects cumulative metabolic deterioration characterized by progressive
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B-cell dysfunction and immunosenescence. Age-associated insulin resistance and impaired glucose regulation jointly
increase diabetes susceptibility, while thymic involution and lymphocyte depletion—particularly reductions in T and
B cell populations—significantly weaken immune surveillance. Chronic hyperglycemia further diminishes host defense
capacity by impairing leukocyte phagocytic activity and disrupting immunoglobulin synthesis, resulting in reduced
antimicrobial efficacy. The hyperglycemic milieu thereby produces a dual pathogenic effect: diminished immune
clearance coupled with accelerated bacterial proliferation through glucose-enhanced microbial metabolism. This bidirec-
tional interaction establishes a self-perpetuating cycle that markedly increases the susceptibility of older diabetic
individuals to perianal infections.

Pathogen Distribution Patterns in Diabetic Patients

Distinct alterations in microbial composition are observed in diabetic patients with PA, reflecting characteristic shifts in
predominant pathogens.***' Although Escherichia coli remains the most frequently isolated organism in general
anorectal abscess cases (35-48%),*>** meta-analytic evidence indicates significant pathogen redistribution in the diabetic
population. Diabetic cohorts exhibited a 4.73-fold higher detection rate of Klebsiella pneumoniae (OR=4.73, 95% CI:
1.30-17.19) and a reduced prevalence of Escherichia coli (OR=0.58, 95% CI: 0.34—1.00), consistent with the observa-

127#** and Liu et al.** This microbial shift is linked to diabetes-associated neutrophil dysfunction and

tions of Deng et a
impaired phagocytic activity,*® further intensified by the frequent use of broad-spectrum antibiotics, which promotes the
selection and persistence of resistant Klebsiella strains.*”** Hyperglycemia may additionally enhance Klebsiella patho-
genicity through plasmid-mediated activation of serotype K1/K2 capsular polysaccharide synthesis.*” Concurrent
intestinal dysbiosis in diabetic individuals—characterized by reduced microbial diversity and increased gut permeabil-
ity—favors Klebsiella proliferation by expanding its ecological niche.*® Although Xuan et al*® reported no significant
difference between diabetic and non-diabetic groups (p>0.05), this inconsistency likely stems from methodological

variability and limited sample size.

Risk of Deep Space Infections and Disease Progression
Diabetic individuals demonstrate a markedly greater tendency toward complex abscess formation, with meta-analysis
indicating a 72% higher risk compared with non-diabetic counterparts (OR=1.72, 95% CI: 1.00-2.94).

The increased susceptibility to ischiorectal and pelvirectal infections arises from diabetes-specific pathophysiological
alterations. Chronic hyperglycemia induces microangiopathy characterized by thickening of perianal microvascular
basement membranes, resulting in lumen stenosis exceeding 40%, impaired tissue perfusion, and localized hypoxia
conducive to deep-seated bacterial proliferation.*> In addition, neuropathic sensory deficits in diabetic patients lead to
delayed symptom perception, postponing clinical diagnosis by an average of 2.3 days relative to non-diabetic
individuals.’® The accumulation of advanced glycosylation end-products further disrupts glycocalyx integrity by altering
extracellular matrix composition, enabling infection spread through weakened tissue barriers. Although overall hospita-
lization duration did not significantly differ between groups, subgroup analysis revealed a 1.8-fold increase in wound
healing time among patients with poorly controlled diabetes (HbAlc >8%). This delay in tissue repair is attributable to
hyperglycemia-mediated suppression of angiogenic signaling—most notably a reduction in VEGF expression exceeding
60%—and enhanced bacterial collagenase activity, collectively hindering the restoration of normal tissue structure.*’

Postoperative Recurrence Risk Controversies

Our Meta-analytic results revealed no significant overall association between diabetes and abscess recurrence (OR=0.70,
95% CI: 0.32—-1.53); however, subgroup analysis indicated that poorly controlled diabetes (HbAlc >7.5%) increased
recurrence risk by 2.15-fold (95% CI: 1.34-3.44)." This apparent inconsistency likely reflects substantial heterogeneity
(I’=72%) and limited sample sizes across the included studies. A four-year cohort by Malekpour Alamdari'? reported
a 28.6% recurrence rate among T2DM patients, whereas Hamadani et al'>'* observed a higher recurrence rate in non-
diabetic populations. The underlying mechanisms linking diabetes to recurrence are multifactorial and operate through
three interrelated biological pathways. Persistent hyperglycemia (blood glucose >180 mg/dL) induces metabolic dysre-
gulation by elevating tissue glucose concentrations, supplying an abundant substrate pool that enhances bacterial growth.
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Concurrent immunovascular dysfunction further aggravates this effect, as hyperosmolar conditions suppress leukocyte
phagocytic activity—reducing functional capacity by 40-60%—and inhibit angiogenesis through VEGF downregulation
exceeding 50%.”' Neuropathic comorbidities also diminish nociceptive sensitivity, delaying recognition of postoperative
complications and prolonging bacterial persistence in infected tissues. Although improvements in surgical drainage
techniques have been associated with a 22-35% reduction in recurrence risk,> metabolic instability remains a key
obstacle in diabetic patients. Perioperative stress-induced glycemic fluctuations, particularly in individuals with pre-
operative HbAlc >7.5%, further disrupt postoperative healing dynamics. Current evidence remains inconclusive regard-
ing recurrence mechanisms independent of diabetes, underscoring the necessity for large-scale prospective investigations
incorporating inflammatory biomarkers (CRP >5 mg/L, WBC >11x10°/L) and variations in surgical management
strategies.

Study Limitations and Methodological Considerations

Interpretation of the current findings requires acknowledgment of several methodological limitations. The heterogeneity
observed across studies, reflected by I? values ranging from 24% to 85%, largely arises from inconsistencies in study
design—spanning case-control, cohort, and cross-sectional methodologies—and from variations in demographic and
clinical characteristics among geographically distinct populations. Although sensitivity analyses reduced certain bias
risks, residual confounding persists due to discrepancies in diagnostic standards, including variable HbAlc thresholds
and differences in treatment regimens. Additional sources of bias stem from unmeasured confounders, as essential
diabetes-related variables—such as disease duration (unreported in 68% of studies), subtype classification (TIDM vs
T2DM), and glycemic variability—were insufficiently detailed, hindering the capacity to perform a meaningful dose-
response evaluation. Publication bias also warrants consideration; Egger’s test indicated significant funnel plot asym-
metry (P=0.032), suggesting potential small-study effects that may have inflated risk estimates, though the limited
statistical power of the meta-analysis (fewer than 10 studies) constrains definitive interpretation. Furthermore, the
external validity of the results is restricted by demographic imbalance, as Asian cohorts accounted for only 23% of
the total study population, thereby limiting the generalizability of the findings across diverse ethnic and regional contexts.

Limitations and Future Directions

This meta-analysis is constrained by several limitations. Considerable heterogeneity among the included studies and the
absence of critical confounding variables—such as diabetes duration and detailed indices of glycemic control—limit the
ability to establish definitive causal relationships. Future investigations should adopt rigorously designed, multicenter
prospective cohort approaches to address these methodological shortcomings. Advancement in this research domain
requires a multidimensional strategy. Studies should move beyond reliance on single-point HbAlc assessments by
integrating continuous glucose monitoring systems to evaluate dynamic glycemic parameters, including standard devia-
tion of blood glucose and time-in-range metrics. Such approaches would enable refined analyses of the impact of short-
term glucose variability on perianal abscess onset, recurrence, and therapeutic outcomes. Moreover, longitudinal
investigations incorporating serial assessments of mediating factors—such as gut microbiota composition, neutrophil
functional capacity, and inflammatory biomarkers including IL-6 and TNF-a—are necessary to elucidate the biological
mechanisms linking dysglycemia to perianal infection progression. Parallel prospective studies should systematically
capture data on potential effect modifiers, including antibiotic protocols, surgical methods, diabetes subtypes, and
nutritional status. Integration of these variables into predictive models may yield validated risk stratification tools for
identifying diabetic patients at elevated risk of severe or recurrent perianal abscess. Such research will be instrumental in
translating associative evidence into clinically applicable strategies for precision prevention and individualized
management.

Conclusion

This meta-analysis demonstrates a significant bidirectional epidemiological relationship between diabetes mellitus and
perianal abscess, reflecting a complex interdependence rather than a coincidental association. Diabetes serves not only as
a substantial risk factor for the onset of perianal abscess but also alters its clinical presentation and microbiological
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characteristics. The results indicate that diabetic patients with perianal abscess display distinctive susceptibility patterns,
including a pronounced male predominance, delayed disease onset, and a microbial transition from Escherichia coli to
Klebsiella pneumoniae as the predominant pathogen. Additionally, diabetes is associated with a higher likelihood of
developing complex high-type abscesses. Although diabetes was not identified as an independent determinant of overall
recurrence, poor glycemic control remains a major prognostic factor, significantly increasing recurrence risk and
prolonging wound healing. These findings highlight the necessity for heightened clinical vigilance and timely interven-
tion in diabetic individuals presenting with perianal symptoms. Comprehensive management should integrate strict
perioperative glucose regulation, pathogen-targeted antimicrobial therapy, and structured long-term monitoring to
mitigate adverse outcomes and reduce disease recurrence. Further large-scale prospective investigations are required to
clarify the underlying causal pathways and to determine the influence of glycemic variability on long-term prognosis,
thereby advancing the formulation of personalized therapeutic strategies for this challenging comorbidity.
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