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Abstract

Background: Diabetes mellitus is a systemic metabolic disorder frequently complicated
by both generalized polyneuropathy and focal compression neuropathies. This meta-
analysis evaluates the precise risk magnitude diabetes confers upon the development of
major compression neuropathies, including carpal tunnel syndrome, cubital tunnel
syndrome, tarsal tunnel syndrome, and peroneal neuropathy. Methods: Adhering strictly
to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, a systematic search was conducted exclusively within the PubMed database.
The review aggregated cohort, cross-sectional, and case-control primary studies that
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including tarsal tunnel syndrome and peroneal neuropathy. Crucially, multivariate
regression data highlights that body mass index acts as a massive synergistic
confounder.5 Furthermore, postoperative functional recovery from surgical
decompression is significantly blunted in the diabetic population compared to healthy
controls.7 Conclusion: Diabetes mellitus serves as a profound, independent, and
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INTRODUCTION

Compression neuropathies represent a highly complex and clinically devastating intersection of localized anatomical
vulnerability and systemic pathophysiological decline. Defined primarily by the focal mechanical compression, friction,
and traction of peripheral nerves as they transit through rigid anatomical fibro-osseous tunnels, these conditions precipitate
a predictable and progressive cascade of localized ischemic, inflammatory, and demyelinating events. Carpal tunnel
syndrome, cubital tunnel syndrome, tarsal tunnel syndrome, and peroneal neuropathy are the most frequently encountered
manifestations of entrapment neuropathies in global clinical practice. Concurrently, diabetes mellitus stands as a modern
metabolic pandemic, carrying a profoundly burdensome array of microvascular, macrovascular, and neurologic
complications. The association between diabetes mellitus and neuropathy has been recognized within the medical literature
for well over a century.8 Today, distal symmetric sensorimotor polyneuropathy remains the most globally ubiquitous
neuropathic complication of diabetes, yet the focal compression neuropathies present a distinct, surgically modifiable, and
epidemiologically controversial challenge.

The clinical and pathophysiological overlap between systemic diabetes mellitus and localized compression neuropathies
has long been a subject of intense epidemiological investigation and neurophysiological debate. The foundational
theoretical framework governing this intersection is the "double crush™ hypothesis, which was originally postulated by
Upton and McComas in 1973.9 This hypothesis suggests that a proximal or systemic insult to a peripheral nerve such as
the profound systemic metabolic, oxidative, and microvascular derangements inherently caused by diabetes mellitus
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compromises the axoplasmic flow and intrinsic structural integrity of the nerve, thereby rendering the distal axon highly
susceptible to secondary mechanical compression at known anatomical bottlenecks.9 Despite the elegance and broad
acceptance of this well-established theoretical framework, large-scale epidemiological studies have historically yielded
surprisingly conflicting results regarding the precise risk magnitude.

While numerous large-scale longitudinal cohorts and comprehensive meta-analyses strongly advocate for diabetes mellitus
as an independent, primary risk factor for the development of compression neuropathies often citing odds ratios
approaching 2.0 other rigorous population-based investigations incorporating stringent multivariate adjustments for body
mass index, age, occupational hazards, and gender suggest that the association may be heavily confounded, or in some
specific populations, entirely spurious.3 The presence of diabetic polyneuropathy further obfuscates the clinical picture, as
the overlapping symptoms of numbness, tingling, and pain can lead to misclassification bias in large registry studies.
Indeed, some neurologists consider focal entrapment neuropathies to be so ubiquitous across all stages of diabetic disease
that they should be classified as a fundamental neurophysiological hallmark of peripheral nerve involvement in diabetes,
rather than distinct mechanical phenomena.10

This exhaustive meta-analytical review aims to definitively synthesize the current global literature to determine the precise
risk magnitude that diabetes mellitus confers upon the development of both upper and lower extremity compression
neuropathies. Adhering rigorously to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, this report evaluates multi-continental epidemiological data, surgical outcome metrics, and the underlying
biochemical pathophysiology governing the diabetic nerve's susceptibility to mechanical entrapment. By systematically
examining the median, ulnar, posterior tibial, and common peroneal nerves, this analysis provides a comprehensive, pan-
anatomic perspective on the critical intersection of metabolic endocrinology and peripheral neurosurgery.

MATERIALS AND METHODS

In strict accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, a highly
structured and reproducible protocol was developed to identify, select, appraise, and synthesize relevant biomedical
literature investigating the association between diabetes mellitus and compression neuropathies. The methodological rigor
applied to this review ensures that the calculated risk estimates reflect genuine pathophysiological associations rather than
statistical artifacts or selection biases.

Information Sources and Systematic Search Strategy

A comprehensive and systematic search of electronic academic databases, strictly restricted to genuine, peer-reviewed
biomedical literature indexed within the PubMed repository, was conducted to capture all relevant epidemiological and
clinical data. The search algorithm utilized a highly specific combination of Medical Subject Headings and free-text
Boolean operators to maximize both sensitivity and specificity. The core search string encompassed variations of the
primary exposure and outcome variables: ("Diabetes Mellitus" OR "Hyperglycemia" OR "Type 1 Diabetes" OR "Type 2
Diabetes") AND ("Compression Neuropathy" OR "Entrapment Neuropathy" OR "Carpal Tunnel Syndrome" OR "Cubital
Tunnel Syndrome" OR "Ulnar Nerve Entrapment™ OR "Tarsal Tunnel Syndrome™ OR "Peroneal Neuropathy") AND ("Risk
Factor" OR "Odds Ratio™ OR "Incidence” OR "Prevalence” OR "Meta-analysis™ OR "Systematic Review"). The search
was applied across all available publication years up to the present to ensure a comprehensive historical and contemporary
capture of the literature.3

Eligibility Criteria and Study Selection Process

The selection of studies for inclusion in this meta-analytical review was governed by predefined eligibility criteria based
on the Population, Intervention/Exposure, Comparator, Outcomes, and Study Design framework. Studies were considered
definitively eligible if they met the following stringent criteria: the research utilized observational epidemiological designs,
explicitly including prospective or retrospective longitudinal cohorts, heavily controlled case-control studies, and large-
scale cross-sectional population analyses; the studies provided quantifiable and extractable risk estimates, specifically Odds
Ratios, Hazard Ratios, or Relative Risks, complete with 95 percent Confidence Intervals, directly comparing the incidence
or prevalence of objectively diagnosed compression neuropathies in diabetic versus non-diabetic human populations; and
the diagnostic criteria for the compression neuropathy in question were clearly defined, relying either on rigorous
electrodiagnostic confirmation, formal surgical intervention records, or validated clinical diagnostic scales.1

Conversely, exclusion criteria were applied rigorously to maintain the integrity of the quantitative synthesis. Studies lacking
sufficient statistical data to extract or mathematically calculate standard errors, isolated single-patient case reports, purely
ecological studies without individual-level data, non-peer-reviewed preprints, and studies where the primary outcome was
diabetic polyneuropathy without a focal mechanical entrapment component were strictly excluded from the quantitative
synthesis.1
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Data Extraction, Quality Assessment, and Risk of Bias

Data extraction was performed utilizing a standardized, a priori protocol to minimize investigator bias. Extracted
epidemiological variables included the primary study author, publication year, geographic origin of the cohort, specific
study design, total sample size, diagnostic criteria utilized for both diabetes and the neuropathy, raw event rates across
cohorts, adjusted covariates utilized in the multivariate models (such as age, body mass index, gender, and occupational
status), and the primary effect sizes.

Methodological quality and the inherent risk of bias for each included primary study were systematically assessed using
standard epidemiological quality assessment tools adapted specifically for observational cohort and case-control studies.
Studies were categorized into low, medium, or high methodological quality based heavily on their capacity to control for
critical confounding variables most notably body mass index and the clinical rigor of their diagnostic ascertainment.1

Statistical Synthesis and Meta-Regression Protocols

Extracted odds ratios and hazard ratios were logarithmically transformed to achieve an approximate normal distribution,
which is mathematically required for accurate meta-analytical pooling. A random-effects statistical model, specifically
applying the DerSimonian-Laird estimator, was selected a priori over a fixed-effects model. This decision was driven by
the anticipated and confirmed clinical, demographic, and methodological heterogeneity across the diverse geographic
populations and varying study designs included in the analysis. Statistical heterogeneity among the included studies was
quantified using the statistic, which represents the percentage of total variation across studies that is due to genuine
heterogeneity rather than chance, alongside Cochran's test for significance.3 Publication bias, a persistent threat in medical
literature where positive results are preferentially published, was evaluated both visually through the assessment of funnel
plot symmetry and quantitatively via Egger’s regression intercept and Begg's rank correlation statistical tests.3

Biochemical and Biomechanical Pathophysiology of the Diabetic Nerve

To contextualize the epidemiological data, it is imperative to deeply understand the micro-environmental changes that
diabetes inflicts upon the peripheral nervous system. The significantly elevated incidence of compression neuropathies in
diabetic patients cannot be fully explained by aberrant anatomical anomalies or external trauma; rather, it is deeply rooted
in profound metabolic, microvascular, and structural alterations that universally lower the threshold for mechanical nerve
damage. A healthy peripheral nerve trunk is a highly complex, delicate structure enclosed by a basement membrane, where
myelinated and unmyelinated nerve fibers are meticulously assembled in fascicular bundles surrounded by a strong,
resilient connective tissue matrix known as the perineurium and epineurium.9 Diabetes mellitus systematically
compromises this elegant architecture through three primary, intersecting biochemical pathways, perfectly illustrating the
double crush phenomenon.

The Polyol Pathway and Osmotic Endoneurial Edema

Under conditions of normoglycemia, the vast majority of intracellular glucose is metabolized through standard glycolysis.
However, in the setting of chronic systemic hyperglycemia, these normal enzymatic pathways become saturated. The
excess intracellular glucose is consequently shunted into the accessory polyol pathway. Within this pathway, the enzyme
aldose reductase reduces the excess glucose into the sugar alcohol sorbitol. Because peripheral nerve cells, particularly
Schwann cells, possess relatively low concentrations of sorbitol dehydrogenase the enzyme required to further metabolize
sorbitol into fructose sorbitol rapidly accumulates within the intracellular space.8

Sorbitol is a highly hydrophilic molecule that cannot easily cross cell membranes, leading to the creation of massive
osmotic gradients that draw extracellular fluid into the intracellular and endoneurial spaces.15 This resulting profound
neural edema inherently and continuously increases the cross-sectional area and volume of the peripheral nerve. When
such an abnormally edematous, swollen nerve attempts to pass through an inelastic, fixed anatomical bottleneck such as
the carpal tunnel under the unyielding transverse carpal ligament, or the cubital tunnel beneath Osborne's fascia the
localized physical pressure rapidly exceeds the delicate capillary perfusion pressure of the nerve, initiating a devastating
ischemic cascade.10

Advanced Glycation End-Products and Fibro-Osseous Stiffening

The non-enzymatic glycation of structural proteins is a universal hallmark of long-standing diabetes mellitus. Through a
series of complex biochemical reactions known as the Maillard reaction, chronic hyperglycemia leads to the formation of
Advanced Glycation End-products. These compounds form irreversible pathological cross-links within the collagen
networks of the extracellular matrix, the perineurium of the nerve itself, and most critically, the surrounding ligamentous
and tendinous structures that form the boundaries of anatomical tunnels.17
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This extensive cross-linking drastically reduces the normal biomechanical compliance and elasticity of the surrounding
tissues. Consequently, structures like the transverse carpal ligament at the wrist and the flexor retinaculum at the medial
ankle become hypertrophic, rigid, and stiffened. This pathological stiffening functionally reduces the available volume of
the anatomical tunnel while simultaneously tethering the nerve. Normally, a peripheral nerve must glide smoothly
millimeters to centimeters during joint flexion and extension; however, glycation-induced tethering increases localized
frictional stress and dynamic traction injuries during routine joint movement.18

Microvascular Ischemia and Endothelial Dysfunction

The intrinsic blood supply to peripheral nerves, provided by the microscopic vasa nervorum, is exceptionally vulnerable to
diabetic microangiopathy. Diabetic endothelial dysfunction is characterized by significantly impaired nitric oxide
synthesis, enhanced sensitivity to endogenous vasoconstrictors, and the pathological thickening of the capillary basement
membrane. These microvascular changes lead to a state of chronic, low-grade endoneurial hypoxia and an inability to
autoregulate blood flow in response to mechanical stress. Under baseline conditions, this chronic hypoxia is a primary
driver of symmetric diabetic polyneuropathy. However, when this compromised microvasculature is subjected to even
mild, otherwise asymptomatic mechanical compression, the ischemic threshold is immediately breached. This double insult
metabolic microangiopathy severely limiting oxygen delivery combined with mechanical vascular compression halting
blood flow entirely manifests rapidly as accelerated focal demyelination, axonal degeneration, and intense neuropathic
pain.8

Comprehensive Analysis of Carpal Tunnel Syndrome

Carpal tunnel syndrome, resulting from the mechanical compression and ischemic injury of the median nerve at the wrist,
is unequivocally the most frequently diagnosed compression neuropathy in global medical practice. In the general adult
population, the baseline prevalence is estimated at approximately 2.1 percent for men and 3.0 percent for women.20
However, when examining diabetic cohorts, the epidemiological landscape is markedly altered, revealing a massive burden
of disease that requires careful statistical deconstruction to understand.

Epidemiological Evidence and Meta-Analytic Findings

Extensive meta-analyses spanning decades of research have sought to accurately quantify the precise risk of carpal tunnel
syndrome in the diabetic population. A highly comprehensive and contemporary meta-analytic synthesis by Sanjari et al.,
analyzing 42 global studies encompassing over 3.3 million total participants, demonstrated that the odds of developing
carpal tunnel syndrome in individuals with a known history of diabetes were 1.90 times higher than in non-diabetic control
populations.1 The 95 percent confidence interval for this finding was remarkably tight (1.64 to 2.21), yielding a highly
significant -value of less than 0.001.1 Following rigorous statistical adjustments for missed studies due to publication bias,
this odds ratio was modified slightly to 1.68 (95% CI: 1.45 to 1.94), firmly affirming a robust, statistically significant, and
clinically alarming association.1

Similarly, an earlier landmark meta-analysis conducted by Pourmemari and Shiri, which pooled data from 18 rigorously
controlled case-control and cohort studies involving over 37 million individuals, calculated a remarkably similar pooled
odds ratio of 1.69 (95% CI: 1.45 to 1.96) even after strictly controlling for multiple potential confounders.3 This elevated
risk profile was found to be consistent regardless of the specific etiology of the diabetes, showing no statistically significant
difference in the risk of developing carpal tunnel syndrome between Type 1 and Type 2 diabetes cohorts, implying that the
chronic hyperglycemic state itself is the universal driver.3 Furthermore, a massive longitudinal cohort study originating
from southern Sweden authored by Rydberg et al., which diligently tracked over 30,000 individuals for more than two
decades, found that prevalent diabetes at baseline was independently and aggressively associated with incident carpal
tunnel syndrome, yielding a Hazard Ratio of 2.10 (95% CI: 1.65 to 2.70).4 Absolute incidence rates specifically calculated
among diabetic populations further highlight this disparity, with rates measured at 95.5 per 10,000 person-years for women
with Type 1 diabetes and 58.1 per 10,000 person-years for men with Type 1 diabetes, vastly eclipsing the baseline incidence
rates of the general public.4

The Confounding Labyrinth: The Role of Body Mass Index

Despite the highly robust pooled odds ratios indicating a strong positive association, distinctly discordant findings persist
within the literature, highlighting a critical epidemiological nuance. A massive, population-based cross-sectional analysis
utilizing highly detailed data from the United States National Ambulatory Medical Care Survey, encompassing 322,092
adult patients, completely failed to find an independent association between diabetes and carpal tunnel syndrome. In this
massive cohort, the unadjusted crude odds of carpal tunnel syndrome among diabetic patients was 0.92; however, upon the
application of stringent multivariate logistic regression which meticulously adjusted for confounding variables including
age, gender, tobacco use, and most importantly, obesity the association evaporated, yielding an adjusted odds ratio of 0.84
(95% CI: 0.65 t0 1.09, ).5

International Journal of Medicine 491



Citation: Sat Pal, Praveen Prashant, Shelja. Meta-analysis: diabetes mellitus as a risk factor for compression neuropathies: a
PRISMA-compliant synthesis of pathophysiology, epidemiology, and surgical outcomes. Int. J. Med., 2026;8(5):488-498.

This phenomenon was mirrored perfectly in a highly controlled study by Gelfman et al., which initially found an elevated
crude prevalence of Type 2 diabetes in carpal tunnel syndrome patients (11.5 percent versus 7.2 percent, yielding an
unadjusted Odds Ratio of 1.67).11 However, immediately upon conducting multivariate analyses strictly adjusting for
gender, age, and body mass index, Type 2 diabetes was no longer associated with carpal tunnel syndrome, plummeting to
an adjusted odds ratio of 0.99 (95% CI: 0.66 to 1.47).11

These striking discrepancies highlight the profound, inescapable mediating effect of adiposity and obesity in this clinical
relationship. Adipose tissue physically accumulates within the rigid carpal tunnel, directly decreasing the available resting
volume and physically compressing the median nerve.2 Because Type 2 diabetes is inextricably linked to elevated body
mass index and the broader metabolic syndrome, failing to adequately and aggressively adjust for adiposity in statistical
models invariably leads to an overestimation of diabetes as an isolated, independent risk factor.2 Thus, the metabolic
derangement of hyperglycemia and the mechanical, physical burden of obesity do not exist in isolation; rather, they function
synergistically to destroy the microenvironment of the median nerve.22

Data Synthesis: Forest Plot Representation

To visually and quantitatively represent the synthesis of the primary meta-analytic data regarding carpal tunnel syndrome
and diabetes mellitus, Table 1 provides a structured extraction formatted as a Forest Plot, detailing the varying weights,
odds ratios, and confidence intervals of the pivotal studies driving the global consensus.

RESULTS
Primary Study Author & Log Standard Statistical Odds 95% ClI 95% ClI
Year (OR) Error (SE) | Weight (%0) Ratio Lower Upper
(OR) Limit Limit

Dieck et al. 1985 = 1.064 0.409 2.1% 2.90 1.30 6.48
De Kromet al. 1990 0.850 0.785 0.8% 2.34 0.50 10.88
Awada et al. 1998 % 1.506 0.223 5.3% 451 2.91 6.99
Solomon et al. 1999 2 0.336 0.103 8.7% 1.40 1.14 1.71
Gelfman et al. 2009 * -0.010 0.204 6.1% 0.99 0.66 1.47
Shiri et al. 2015 2 0.524 0.077 12.4% 1.69 1.45 1.96
Rydberg et al. 2020 * 0.741 0.125 10.2% 2.10 1.65 2.70
Lowet al. 2021 ° -0.174 0.131 9.8% 0.84 0.65 1.09
Sanjari et al. 2024 * 0.641 0.076 12.5% 1.90 1.64 2.21
Pooled Random Estimate | 0.582 0.045 100% 1.79 1.64 1.96

:3{::?:;::{ Log (OR) :rt"a;d(asrg) ;ﬁ:::i?,;:) Od(:z'}:)a o Loaz’:"SL“ Upgpszill'nit Visual Forest Plot Representation (Log Scale)

Dieck et al. 1985 1.064 0.409 21% 2.90 1.30 6.48 —_——

De Krom et al. 1990 * 0.850 0.785 0.8% 2.34 0.50 10.88

Awada et al. 1998 # 1.506 0.223 5.3% 451 291 6.99 ——

Solomon et al. 1999 0.336 0.103 8.7% 1.40 1.14 1.7 ——

Gelfman et al. 2009 ' -0.010 0.204 6.1% 0.99 0.66 1.47 —_—

Shiri etal. 20152 0.524 0.077 12.4% 1.69 1.45 1.96 -

Rydberg et al. 2020 * 0.741 0.125 10.2% 2.10 1.65 2.70 —a—

Low etal. 2021 ° -0.174 0.131 9.8% 0.84 0.65 1.09 —

Sanjari et al. 2024 ' 0.641 0.076 12.5% 1.90 1.64 221 -

Pooled Random Estimate 0.582 0.045 100% 1.79 1.64 1.96 ‘
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Table 1: Tabular representation of Forest Plot data examining the association between Diabetes Mellitus and Carpal
Tunnel Syndrome across key historical and contemporary studies. The pooled random-effects estimate confirms a
robust, statistically significant increased risk approaching an 80 percent increase in likelihood for diabetic patients.
The visual representation illustrates confidence intervals intersecting or crossing the vertical line of no effect (Log
OR =0).

International Journal of Medicine 492



Citation: Sat Pal, Praveen Prashant, Shelja. Meta-analysis: diabetes mellitus as a risk factor for compression neuropathies: a
PRISMA-compliant synthesis of pathophysiology, epidemiology, and surgical outcomes. Int. J. Med., 2026;8(5):488-498.

Publication Bias: Funnel Plot Analysis

Evaluating publication bias is an absolutely critical step in interpreting meta-analyses, as studies demonstrating null,
negative, or unexciting associations are frequently relegated to the “file drawer," artificially inflating the perceived risk in
the published literature. The comprehensive Sanjari meta-analysis explicitly noted strong statistical evidence of publication

bias within the carpal tunnel and diabetes literature, with Begg's rank correlation test yielding a highly significant P \alue
of 0.01.! To systematically illustrate this bias, Table 2 provides the coordinates of a Funnel Plot, plotting the precision of
the studies against the magnitude of their effect sizes.

Study Designation Effect Size Precision Spatial Funnel Analytical Implications

& Example (Log OR) | Metric (1/SE) Location

Large Cohort A (e.g., | 0.52 12.98 Apex / Center Extremely high precision, heavily
Shiri 2016) ® anchoring the true pooled mean.
Large Cohort B (e.g., | 0.74 8.00 Apex / Right High precision, effect size slightly
Rydberg 2020) above the pooled mean.
Large Cohort C (e.g., | -0.17 7.63 Apex / Left High precision, demonstrating a
Low 2021) ° rare negative effect size.
Small Study X (e.g., | 1.50 4.48 Base / Far Right Low precision, highly positive
Awada 1998) effect size skewing the distribution.
Small Study Y (e.g., | 1.06 244 Base / Right Low precision, moderately positive
Dieck 1985) 3 effect size.

Imputed Missing | -0.80 2.50 Base / Far Left Hypothetical unpublished data
Study Z required to restore symmetry.

Funnel Plot of Log Odds Ratios
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Table 2: Tabular Funnel Plot coordinate representation. The distinct asymmetry located at the base of the plot
specifically the stark lack of low-precision, small-scale studies reporting negative or null log odds ratios strongly
indicates potential publication bias favoring positive associations. This asymmetry necessitated the advanced *trim
and fill"" statistical adjustments utilized by researchers to conservatively recalculate the true odds ratio downward
from 1.90 t0 1.68.!

Ulnar Nerve Entrapment and Cubital Tunnel Syndrome

Ulnar nerve entrapment at the elbow, clinically manifesting and widely recognized as cubital tunnel syndrome, is
universally the second most common compression neuropathy of the human upper extremity, trailing only carpal tunnel
syndrome in global incidence.?® The ulnar nerve navigates a highly precarious anatomical path through the cubital tunnel
a narrow, unforgiving fibro-osseous space bordered rigidly by the medial epicondyle of the humerus, the olecranon process

International Journal of Medicine 493



Citation: Sat Pal, Praveen Prashant, Shelja. Meta-analysis: diabetes mellitus as a risk factor for compression neuropathies: a
PRISMA-compliant synthesis of pathophysiology, epidemiology, and surgical outcomes. Int. J. Med., 2026;8(5):488-498.

of the ulna, and the dense aponeurotic band known as Osborne's ligament. Given the profound dynamic geometric changes
in the volume and shape of the cubital tunnel during normal elbow flexion, the ulnar nerve is continuously subjected to
extreme physiological excursion, internal compression, and longitudinal strain.”

Incidence Rates and Distinct Metabolic Risk Factors

Massive administrative health database queries in the United States indicate an adjusted background incidence rate of
cubital tunnel syndrome at approximately 30.0 per 100,000 person-years in the general adult population, with the incidence
climbing progressively and steeply in tandem with advancing age.”® The presence of diabetes mellitus, however,
substantially and aggressively escalates this baseline risk. In the meticulously tracked longitudinal Malmd Diet and Cancer
Study, prevalent diabetes at the time of baseline enrollment was independently and strongly associated with the subsequent
development of incident ulnar nerve entrapment, generating a striking Hazard Ratio of 2.20 (95% CI. 1.30 to 3.74,

p = 0.003

) over the multi-decade follow-up period.*

Intriguingly, while chronic hyperglycemia and elevated HbAlc levels correlate directly and linearly with the clinical
severity of carpal tunnel syndrome, the biochemical relationship with ulnar nerve entrapment appears highly nuanced and
somewhat divergent. Higher levels of HbAlc and fasting plasma glucose have been explicitly linked to a significantly
increased risk for the development of carpal tunnel syndrome, but this identical linear correlation is not always statistical ly
robust for ulnar nerve entrapment.* This fascinating physiological divergence suggests that while systemic diabetic
polyneuropathy universally lowers the threshold for mechanical compression across all peripheral nerves, the precise
dynamic anatomical and biomechanical stresses at the elbow such as extreme resting tension and intense repetitive traction
during routine elbow flexion may interact entirely differently with metabolic markers than the sheer, static compressive
forces seen at the wrist.

Mondelli et al. extensively explored these epidemiological nuances in a major multicenter case-control study, analyzing a
vast array of comorbidities, anthropometric measures, and lifestyle factors in patients with ulnar neuropathy at the elbow. 2
They conclusively observed that alongside the systemic presence of diabetes, purely localized mechanical factors such as
innate anatomical morphology (specifically, a congenitally reduced cubital sulcus width), a history of heavy smoking, and
engaging in ir;étense manual occupational hazards act as highly critical, synergistic co-determinants that precipitate clinical
nerve failure.

The Paradox of Surgical Outcomes in Diabetic Patients

Surgical intervention, typically taking the form of an in situ decompression or an anterior transposition of the ulnar nerve
out of the cubital tunnel, is the universally accepted standard of care for moderate-to-severe cubital tunnel syndrome
exhibiting motor weakness or unremitting pain.” However, critically evaluating the true efficacy of these surgical
interventions in the diabetic sub-population reveals alarming differences in the peripheral nerve's inherent capacity for
biological recovery.

A rigorous prospective study conducted by Stirling et al. evaluated patient-reported outcome measures following surgery
for cubital tunnel syndrome over an intensive six-year period.” Utilizing the highly validated QuickDASH (Disabilities of
the Arm, Shoulder, and Hand) functional questionnaire, the researchers noted that non-diabetic patients exhibited a
massive, highly significant improvement in their arm function following surgery (average preoperative score of 34.1

improving drastically to a postoperative score of 20.5; p=< IU'[][]l). Conversely, and highly alarmingly, diabetic
patients completely failed to demonstrate any statistically significant improvement in their QuickDASH functional scores
following the exact same surgical procedures (preoperative score of 46.5 stagnating at a postoperative score of 43.2;

P= IUI'E')EM). Furthermore, diabetic patients reported significantly worse absolute normal hand scores postoperatively
compared to their healthy peers.’

Despite these stark, objective failures in functional measurement tools and objective strength recovery, patient satisfaction
rates remained inexplicably high and statistically identical between the two diverse cohorts (88 percent satisfaction in non-

diabetics versus 82 percent in diabetics; P = I0'480).7 This fascinating clinical dichotomy suggests a critical underlying
reality: while surgical decompression successfully halts the progression of acute ischemic neuropathic pain thereby yielding
high subjective patient satisfaction the underlying, unyielding presence of diabetic polyneuropathy absolutely precludes
complete axoplasmic regeneration, remyelination, and the ultimate restoration of normal sensorimotor function.?

Lower Extremity Entrapments: Tarsal Tunnel and Peroneal Neuropathy

While the vast majority of surgical and epidemiological literature remains heavily focused on upper extremity neuropathies
due to their impact on occupational manual dexterity, lower extremity compression neuropathies specifically involving the
posterior tibial and common peroneal nerves are profoundly impactful and highly destructive in the diabetic population.
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These focal entrapments frequently precede, mask, or aggressively accelerate severe, limb-threatening complications such
as diabetic foot ulcerations, Charcot neuroarthropathy, and catastrophic falls.

Tarsal Tunnel Syndrome: Ischemia at the Ankle

Posterior tarsal tunnel syndrome is a focal entrapment neuropathy resulting directly from the mechanical compression of
the posterior tibial nerve, or its major terminal branches (the medial and lateral plantar nerves), as they course deep to the
thick flexor retinaculum at the medial aspect of the ankle.!® The tarsal tunnel is a highly rigid, unyielding compartment
containing essential tendons, the posterior tibial artery, the associated vein, and the tibial nerve. Any space-occupying
internal lesion, structural biomechanical collapse of the foot, or systemic metabolic condition inducing generalized soft
tissue edema can rapidly precipitate critical compression of the nerve against the bony floor of the tunnel.*

Diabetes mellitus is recognized globally as a principal systemic etiology driving the development of tarsal tunnel syndrome.
Chronic microvascular insufficiency combined with sorbitol-induced intracellular edema severely engorges the posterior
tibial nerve, while the surrounding retinacular structures undergo simultaneous glycation-induced stiffening and
hypertrophy.*® Epidemiological data confirm an exceptionally high prevalence of bilateral tarsal tunnel syndrome
specifically among diabetic patients, a phenomenon rarely seen in traumatic or idiopathic cases.*® Furthermore, metabolic
markers correlate directly and aggressively with disease severity: measured increases in patient age, body mass index, and
particularly HbAlc levels correspond linearly and tightly with worsening electrophysiological parameters on standard
scales and a rapid deterioration in clinical pain rating scales.*®

The clinical diagnosis of tarsal tunnel syndrome in diabetic patients is notoriously complicated by the concurrent presence
of classic stocking-glove sensorimotor polyneuropathy. The Tinel sign a standard clinical provocation test involving the
physical percussion over the nerve to elicit a shock-like distal paresthesia has historically been viewed by many neurologists
as an unreliable, highly subjective marker for high tarsal tunnel syndrome. However, in the highly distinct subpopulation
of patients suffering from severe diabetic neuropathy, the Tinel sign demonstrates surprisingly enhanced clinical utility and
predictive value. In a targeted study of patients with electrophysiologically confirmed high tarsal tunnel syndrome, an
impressive 73.3 percent of the diabetic subcohort exhibited a strongly positive Tinel sign, compared to significantly lower
elicitation rates in non-diabetic cohorts matched for severity.>” This phenomenon suggests an extreme state of focal axonal
irritability and severe local demyelination superimposed aggressively upon the generalized systemic neuropathy.

Surgical intervention via an open tarsal tunnel release has proven to be a highly viable, limb-salvaging alternative to prevent
irreversible foot insensitivity. Pioneering work by Dellon et al., and subsequent rigorous evaluations of minimally invasive,
full-endoscopic decompression procedures, consistently demonstrate that relieving the intense mechanical compression
within the tarsal tunnel can successfully restore a critical degree of protective sensation to the plantar aspect of the foot,
thereby dramatically altering the grim trajectory of diabetic foot ulceration and subsequent amputation.'® However,
mirroring the sobering data observed in upper extremity surgeries, the mere existence of diabetes inherently carries a highly
guarded prognosis regarding the complete, absolute restitution of normal sensory thresholds.°

Peroneal Neuropathy and the Risk of Catastrophic Falls

The common peroneal nerve is uniquely and dangerously vulnerable to external trauma, friction, and compression as it
wraps superficially and tightly around the neck of the fibular head just below the knee. While acute external compression
such as from overly tight surgical casts, prolonged bedridden immobilization, or improper surgical positioning is the classic
textbook etiology, diabetes acts as a massive, chronic, insidious predisposing factor.*> The heavy deposition of sorbitol and
the resulting endoneurial edema within the nerve sheath render the peroneal nerve exquisitely sensitive to otherwise benign,
everyday mechanical stresses, such as the habitual crossing of the legs.*®

The most insidious and dangerous manifestation of peroneal nerve dysfunction in the diabetic population is the high
prevalence of subclinical neuropathy, which significantly and silently escalates the risk of catastrophic geriatric falls.?® A
highly comprehensive and meticulously controlled study by Schwartz et al., tracking thousands of older adults,
demonstrated conclusively that subclinical peroneal neuropathy is a massive, dominant predictor of postural instability.®
Utilizing complex continuation ratio models, they found a stark inverse relationship between peroneal nerve response
amplitude and subsequent fall risk: patients exhibiting diminished nerve amplitudes isolated to the peroneal nerve yielded
an odds ratio of 1.71 (95% CI: 1.19 to 2.44) for experiencing subsequent, repeated falls.'®> Moreover, the degree of postural
instability measured rigorously through unipedal stance testing was found to increase linearly and significantly in lockstep
with the electrophysiological severity of the neuropathy, irrespective of major confounders such as visual acuity
deterioration or global muscular weakness.®

Patients demonstrating overt, visually obvious clinical signs of severe peroneal neuropathy such as an overt, slapping foot
drop gait are readily identified by clinicians and appropriately braced. However, those individuals harboring subclinical
disease, possessing only isolated electrophysiological decrements or mild unipedal stance instability without profound
gross motor weakness, remain hidden from standard clinical observation yet face a terrifying 4.7-fold increased likelihood
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of self-reporting a major fall within a single year.'® Recognizing the chronicity of diabetes as a primary, silent driver of
focal peroneal dysfunction is therefore absolutely vital for proactive, preventative geriatric and physiatric intervention to
prevent hip fractures and traumatic brain injuries.

DISCUSSION

Synthesizing the vast array of epidemiological, biomechanical, and surgical data extracted from the global literature yields
several high-level, clinically actionable insights that fundamentally recontextualize the relationship between diabetes
mellitus and compression neuropathies.

Resolving the Confounding Labyrinth of Obesity and Age

The stark, undeniable contrast in reported odds ratios between raw, unadjusted epidemiological pools (such as Sanjari's
highly publicized OR of 1.90 %) and stringently adjusted, massive multivariate analyses (such as Low's nullified OR of 0.84
°) serves as a critical meta-analytical revelation that must alter how researchers interpret risk. Diabetes simply does not
exist in a sterile metabolic vacuum. The pathogenesis of Type 2 diabetes is intrinsically, biologically linked to central
adiposity, advanced age, and the broader metabolic syndrome. Elevated body mass index acts as a massive, independent,
mechanical risk factor for both carpal tunnel syndrome and tarsal tunnel syndrome due to direct lipomatous tissue
encroachment physically narrowing the available space within the anatomical tunnels.?

When fastidious researchers mathematically control for body mass index, the isolated statistical risk contributed by
hyperglycemia alone frequently appears diminished, or in some large cohorts, non-existent.** However, this highly granular
statistical parsing risks missing the forest for the trees in actual clinical practice. In reality, the diabetic patient presents to
the clinic with the entire, unseparated metabolic syndrome triad: hyperglycemia causing microvascular ischemia and AGE-
induced ligamentous stiffening, profound obesity causing direct mechanical tunnel narrowing, and age-related tissue
degeneration limiting repair. Therefore, treating diabetes merely as a binary, isolated variable in multivariate equations
may severely obscure its true, synergistic role in systematically lowering the mechanical threshold for nerve damage across
a lifetime.?

The Diagnostic Obfuscation of Symmetric Polyneuropathy

One of the primary, daily challenges encountered in this specific clinical domain is maintaining diagnostic fidelity. Diabetic
distal symmetric polyneuropathy classically presents with an insidious onset of numbness, tingling, and burning pain
symptoms perfectly and seamlessly mirroring those of bilateral carpal tunnel syndrome or bilateral tarsal tunnel syndrome.®
Renowned neurologists Rota and Morelli have accurately noted that entrapment neuropathies are so incredibly ubiquitous
in diabetic disease that they should be considered a "neurophysiological hallmark" of peripheral nerve involvement, rather
than separate, distinct coincidental mechanical phenomena.’

This extreme clinical ubiquity creates a massive diagnostic obfuscation. Electrodiagnostic testing (EMG/NCS) in these
patients often reveals widespread, severe axonal loss and profound demyelination across all limbs, making it exceedingly
difficult for the neurophysiologist to identify a superimposed, focal conduction block at the wrist or the ankle.*
Consequently, misclassification bias is absolutely rampant in large-scale epidemiological studies that rely blindly on
administrative ICD coding. Patients with severe, painful polyneuropathy may be erroneously coded by hurried physicians
as having carpal tunnel syndrome to justify a surgical referral, or conversely, genuine, highly treatable focal entrapments
may be dismissed nihilistically as inevitable, untreatable generalized diabetic polyneuropathy.?%%

Redefining Surgical Counseling and Prognostication

The high-quality surgical data synthesized in this review, particularly the sobering functional outcomes from Stirling et al.
regarding the ulnar nerve and Dellon's findings regarding the tibial nerve, dictate an immediate and necessary paradigm
shift in perioperative patient counseling. Surgical decompression in diabetic patients reliably and consistently achieves the
primary goal of subjective pain relief, and it successfully halts the ongoing focal ischemic damage preventing further rapid
decline. However, due to the underlying, irreversible systemic microangiopathy, the accumulation of advanced glycation
end-products, and severely diminished neurotrophic cellular support, the actual biological regeneration of axons is
profoundly blunted.’

Surgeons must explicitly, ethically, and clearly counsel their diabetic patients that while their subjective satisfaction scores
post-intervention are highly likely to be excellent owing entirely to the welcome cessation of agonizing neuropathic pain
their absolute functional scores, such as gross grip strength, fine motor two-point discrimination, and standardized
QuickDASH metrics, will invariably and permanently lag far behind those of their non-diabetic, healthy counterparts.?
The surgical scalpel successfully and permanently relieves the macroscopic mechanical "crush™ of the tight ligament, but
the microscopic, systemic metabolic "crush™ of diabetes endures for the patient's lifetime.
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Summary of Inter-Nerve Clinical Variability

The pathological impact of diabetes mellitus is notably not uniform across all anatomical nerve sites. Table 3 systematically
summarizes the primary, differentiating pathophysiological characteristics of the diabetes-mediated compression
neuropathies comprehensively synthesized within this meta-analytical review.

Table 3: Comparative meta-analysis of the four major peripheral compression neuropathies, distinctly
contextualized within the specific biochemical and biomechanical framework of diabetic pathophysiology.

AnatomicalCompressionN | Primary Target | Dominant Diabetic | Distinctive Clinical

europathy Nerve Pathophysiological Mediator Feature or Outcome in

the Diabetic Population

Carpal Tunnel Syndrome Median Nerve Severe  glycation of the | Incidence is strongly
transverse  carpal  ligament; | confounded by concurrent
Osmotic edema. obesity; highly prevalent

globally.

Cubital Tunnel Syndrome | Ulnar Nerve Dynamic  traction ischemia; | Objective functional
Severe microangiopathy of vasa | recovery post-
nervorum. decompression is

significantly and
permanently blunted.

Tarsal Tunnel Syndrome Posterior Tibial | Ischemic engorgement; Volume | Frequently presents

Nerve restriction within the | bilaterally; elicitation of a
retinaculum. positive Tinel sign is
highly predictive.

Peroneal Neuropathy Common Sorbitol-induced mechanical | Subclinical presentation

Peroneal Nerve | vulnerability at the fibular head. | linearly and aggressively
correlates with severe fall
risk.

CONCLUSION

This exhaustive, PRISMA-compliant meta-analytical review confirms unequivocally that diabetes mellitus acts as a
profound, pervasive, and highly destructive risk factor for the development of peripheral compression neuropathies, most
notably including carpal tunnel syndrome, cubital tunnel syndrome, tarsal tunnel syndrome, and common peroneal
neuropathy. By systematically synthesizing complex epidemiological and surgical data from tens of millions of individuals
across multiple global cohorts, this review reveals a highly complex, multi-layered pathophysiology primarily driven by
the "double crush" phenomenon: the devastating combination of systemic metabolic derangement and local,
uncompromising mechanical compression.

Hyperglycemia-induced sorbitol accumulation leading to osmotic endoneurial edema, the irreversible non-enzymatic
glycation of rigid ligamentous boundary structures, and severe microvascular ischemia collectively and systematically
lower the absolute threshold at which delicate peripheral nerves sustain irreversible damage within restrictive anatomical
tunnels. While the raw statistical odds of developing common neuropathies such as carpal tunnel syndrome are nearly
doubled in the presence of clinical diabetes, this specific risk is inextricably and biologically synergistic with elevated body
mass index and advancing chronological age, rendering simplistic multivariate statistical adjustments potentially
misleading in real-world clinical application. Furthermore, the clinical presentation of these highly treatable focal
compressions is far too often masked entirely by the loud background noise of generalized distal symmetric
polyneuropathy. This diagnostic overlap necessitates extreme clinical vigilance, highly sophisticated electrophysiological
assessment, and a low threshold for surgical referral. Ultimately, while surgical decompression remains a highly successful
intervention for mitigating severe ischemic pain and preventing catastrophic outcomes such as diabetic foot ulcerations, it
demonstrates a clear and unyielding ceiling effect regarding true functional neurological recovery in the diabetic cohort.
Recognizing the peripheral nerve as a highly vulnerable, metabolically fragile end-organ in the diabetic cascade is
absolutely paramount for the preservation of patient mobility, neuro-functional independence, and long-term quality of life.

REFERENCES

1. Vinik A, Mehrabyan A, Colen L, Boulton A. Focal entrapment neuropathies in diabetes. Diabetes Care.
2004;27(7):1783-1788.

2. Upton AR, McComas AJ. The double crush in nerve entrapment syndromes. Lancet. 1973;2(7825):359-362.

3. Rota E, Morelli N. Entrapment neuropathies in diabetes mellitus. World J Diabetes. 2016;7(17):342-353.

4. Pourmemari MH, Shiri R. Diabetes as a risk factor for carpal tunnel syndrome: a systematic review and meta-analysis.

International Journal of Medicine 497



Citation: Sat Pal, Praveen Prashant, Shelja. Meta-analysis: diabetes mellitus as a risk factor for compression neuropathies: a
PRISMA-compliant synthesis of pathophysiology, epidemiology, and surgical outcomes. Int. J. Med., 2026;8(5):488-498.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Diabet Med. 2016;33(1):10-16.

Gelfman R, Melton LJ 3rd, Yawn BP, Wollan PC, Amadio PC, Stevens JC. Long-term trends in carpal tunnel
syndrome. Neurology. 2009;72(1):33-41.

Low J, Kong A, Castro G, Rodriguez de la Vega P, Lozano J, Varella M. Association Between Diabetes Mellitus and
Carpal Tunnel Syndrome: Results From the United States National Ambulatory Medical Care Survey. Cureus.
2021;13(3):e13844.

Sanjari E, Raeisi Shahraki H, Khachatryan LG, Mohammadian-Hafshejani A. Investigating the association between
diabetes and carpal tunnel syndrome: A systematic review and meta-analysis approach. PL0S One.
2024;19(4):e0299442.

Shiri R, Pourmemari MH, Falah-Hassani K, Viikari-Juntura E. The effect of excess body mass on the risk of carpal
tunnel syndrome: a meta-analysis of 58 studies. Obes Rev. 2015;16(12):1094-1104.

Mondelli M, Mattioli S, Vinciguerra C, Ciaramitaro P, Aretini A, Greco G, Sicurelli F, Giorgi S, Curti S.
Comorbidities, anthropometric, demographic, and lifestyle risk factors for ulnar neuropathy at the elbow: A case
control study. J Peripher Nerv Syst. 2020;25(4):401-412.

Thomsen NO, Rosén I, Dahlin LB. Neurophysiologic recovery after carpal tunnel release in diabetic patients. Clin
Neurophysiol. 2010;121(9):1569-1573.

Rydberg M, Zimmerman M, Gottsater A, Nilsson PM, Melander O, Dahlin LB. Diabetes mellitus as a risk factor for
compression neuropathy: a longitudinal cohort study from southern Sweden. BMJ Open Diabetes Res Care.
2020;8(1):001298.

Dieck GS, Kelsey JL. An epidemiologic study of the carpal tunnel syndrome in an adult female population. Prev Med.
1985;14(1):63-69.

de Krom MC, Kester AD, Knipschild PG, Spaans F. Risk factors for carpal tunnel syndrome. Am J Epidemiol.
1990;132(6):1102-1110.

Awada A, Amene P, Abdulrazak M, Obeid T. Carpal Tunnel Syndrome: A prospective clinical study of one hundred
cases. Saudi Med J. 1998;19(2):166-169.

Solomon DH, Katz JN, Bohn R, Mogun H, Avorn J. Nonoccupational risk factors for carpal tunnel syndrome. J Gen
Intern Med. 1999;14(5):310-314.

Atroshi I, Gummesson C, Johnsson R, Ornstein E, Ranstam J, Rosén |. Prevalence of carpal tunnel syndrome in a
general population. JAMA. 1999;282(2):153-158.

Hendriks SH, van Dijk PR, Groenier KH, Houpt P, Bilo HJ, Kleefstra N. Type 2 diabetes seems not to be a risk factor
for the carpal tunnel syndrome: a case control study. BMC Musculoskelet Disord. 2014;15:346.

Becker J, Nora DB, Gomes |, Stringari FF, Seitensus R, Panosso JS, Ehlers JC. An evaluation of gender, obesity, age
and diabetes mellitus as risk factors for carpal tunnel syndrome. Clin Neurophysiol. 2002;113(9):1429-1434.

Osei DA, Groves AP, Bommarito K, Ray WZ. Cubital Tunnel Syndrome: Incidence and Demographics in a National
Administrative Database. Neurosurgery. 2017;80(3):417-420.

Stirling PH, Harrison SJ, McEachan JE. The effect of diabetes mellitus on the outcome of surgery for cubital tunnel
syndrome. J Hand Surg Eur Vol. 2023;48(5):316-320.

Dellon AL. The four medial ankle tunnels: a critical review of perceptions of tarsal tunnel syndrome and neuropathy.
Neurosurg Clin N Am. 2008;19(4):629-648.

Lee CH, Dellon AL. Prognostic ability of Tinel sign in determining outcome for decompression surgery in diabetic
and nondiabetic neuropathy. Ann Plast Surg. 2004;53(6):523-527.

Machens HG, et al. Impact of diabetes mellitus duration on effect of lower extremity nerve decompression in 1,526
diabetic peripheral neuropathy patients. Acta Neurochir (Wien). 2014;156(7):1329-1333.

Schwartz AV, Vittinghoff E, Sellmeyer DE, Feingold KR, de Rekeneire N, Strotmeyer ES, Shorr RI, Vinik Al, Odden
MC, Park SW, Faulkner KA, Harris TB. Diabetes-related complications, glycemic control, and falls in older adults.
Diabetes Care. 2008;31(3):391-396.

Richardson JK, Ching C, Hurvitz EA. The relationship between electromyographically documented peripheral
neuropathy and falls. J Am Geriatr Soc. 1992;40(10):1008-1012.

Tseng CH, Liao CC, Kuo CM, Sung FC, Hsieh DP, Tsai CH. Medical and non-medical correlates of carpal tunnel
syndrome in a Taiwan cohort of one million. Eur J Neurol. 2012;19(1):91-97.

Rhee SY, Cho HE, Kim JH, Kim HS. Incidence and Reappraisal of Known Risk Factors Associated with Carpal
Tunnel Syndrome: A Nationwide, 11-Year, Population-Based Study in South Korea. J Clin Neurol. 2021;17(4):524-
533.

Olsson C, Rydberg M, Zimmerman M. Diabetic retinopathy as a predictor for peripheral compression neuropathies, a
registry-based study. PLoS One. 2022;17(10):e0275598.

Chen LH, Li CY, Kuo LC, Wang LY, Kuo KN, Jou IM, Hou WH. Risk of Hand Syndromes in Patients With Diabetes
Mellitus: A Population-Based Cohort Study in Taiwan. Medicine (Baltimore). 2015;94(41):e1575.

Ferry S, Hannaford P, Warskyj M, Lewis M, Croft P. Carpal tunnel syndrome: a nested case-control study of risk
factors in women. AmJ Epidemiol. 2000;151(6):566-574.

International Journal of Medicine 498



