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ABSTRACT

Background: Diabetic peripheral neuropathy (DPN) is a prevalent and debilitating
complication of type 2 diabetes mellitus (T2DM), characterized by progressive
sensory and motor deficits. These impairments significantly increase the risk of falls,
which are a major cause of injury, disability, and reduced quality of life in this
population. Objective: This narrative review aims to synthesize current clinical
evidence on the association between DPN and fall risk, identify key mechanisms
contributing to instability, and highlight tools and strategies for fall prevention. Key
Findings: DPN contributes to falls through multiple pathways, including sensory
loss, proprioceptive dysfunction, gait abnormalities, postural instability, and
neuropathic pain. Clinical studies confirm a significantly higher fall incidence in
individuals with DPN compared to diabetic patients without neuropathy. Validated
tools such as the monofilament test, vibration perception threshold, and Timed Up
and Go (TUG) test are effective in assessing fall risk. Preventive strategies including
glycemic control, balance training, foot care, and assistive devices show promise but
are underutilized. Limitations in current literature include reliance on cross-
sectional designs, inconsistent definitions, and lack of inclusive or long-term data.
Conclusion: DPN is a critical yet under-addressed risk factor for falls in adults with
T2DM. Routine fall risk screening and comprehensive, multidisciplinary
management approaches should be integrated into diabetic care to reduce fall-
related morbidity and improve functional outcomes.

INTRODUCTION

playing a key mediating role [4]. As T2DM progresses,
chronic hyperglycemia leads to microvascular damage and

Type 2 diabetes mellitus (T2DM) is a rapidly growing
global health concern affecting over 537 million adults
worldwide, with projections indicating a rise to 643
million by 2030 [1]. Among its many complications,
diabetic peripheral neuropathy (DPN) is one of the most
common and debilitating, affecting nearly 50% of
individuals with long-standing diabetes [2]. DPN primarily
involves sensory nerve damage, which disrupts
proprioception and balance, significantly elevating the risk
of falls—especially in older adults [3].

Falls represent a major source of injury, disability, and
hospitalization among individuals with diabetes.
Compared to non-diabetic counterparts, adults with
diabetes are at a twofold higher risk of falling, with DPN
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metabolic disturbances that impair nerve function. The
resulting sensory loss, muscle weakness, and postural
instability contribute directly to impaired balance and
increased fall susceptibility [5].

DPN is often insidious in onset, with many patients
unaware of the progressive sensory deficits affecting their
feet and lower limbs. Reduced vibratory and pressure
sensation, as well as delayed reaction times, compromise
gait and increase the likelihood of stumbling on uneven
surfaces [6]. Moreover, patients with DPN often exhibit
altered gait patterns, including shorter steps, slower
speed, and widened base of support, which are
compensatory adaptations to maintain stability [7]. These
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biomechanical changes, while protective in some contexts,
can paradoxically predispose individuals to falls under
certain environmental or physiological stressors.

In addition to physical impairments, cognitive decline,
polypharmacy, and comorbidities such as visual
disturbances and vestibular dysfunction further amplify
the fall risk in diabetic populations [8]. The psychosocial
consequences of falling—including fear of falling again,
reduced mobility, and social withdrawal—can severely
impact the quality of life and functional independence of
patients with T2DM [9].

Despite the high prevalence and clinical significance of
falls in diabetic patients, the specific contribution of DPN
to fall risk remains under-recognized in routine care.
Current diabetes management guidelines emphasize
glycemic control and cardiovascular risk reduction, often
overlooking fall risk assessments and preventive strategies
in patients with neuropathy [10]. Early identification of
DPN and implementation of  fall-prevention
interventions—such as balance training, foot care
education, and assistive devices—can play a crucial role in
minimizing disability and improving patient outcomes.

This narrative review aims to explore the association
between diabetic peripheral neuropathy and the risk of
falls in adults with type 2 diabetes. By synthesizing current
evidence on the pathophysiological mechanisms, clinical
features, and risk factors contributing to falls in this
population, the review emphasizes the need for integrated
screening and intervention approaches in diabetes care.

Pathophysiology of Diabetic Peripheral Neuropathy
Diabetic peripheral neuropathy (DPN) is one of the most
common and debilitating microvascular complications of
type 2 diabetes mellitus (T2DM), characterized by a
progressive loss of nerve fiber function. The
pathophysiological mechanisms underlying DPN are
multifactorial and complex, involving metabolic, vascular,
and inflammatory processes that collectively lead to nerve
injury [11].

The development of DPN begins with chronic
hyperglycemia, which induces metabolic disturbances
such as increased formation of advanced glycation end
products (AGEs), activation of the polyol pathway, and
enhanced oxidative stress. These metabolic alterations
lead to intracellular accumulation of sorbitol, depletion of
myo-inositol, and impaired Na+/K+ATPase activity in
neurons [12]. Oxidative stress, in particular, plays a critical
role by generating reactive oxygen species (ROS) that
damage cellular structures, including DNA, proteins, and
lipids [13].

In addition to metabolic injury, hyperglycemia
contributes to microvascular dysfunction by impairing
endothelial nitric oxide production, increasing vascular
permeability, and promoting capillary basement
membrane thickening. This leads to reduced blood flow
and oxygen delivery to peripheral nerves, a phenomenon
termed endoneurial hypoxia [14]. Chronic ischemia and
reduced neurotrophic support result in demyelination and
axonal degeneration, particularly affecting the longest
nerves first—typically those innervating the feet and lower
limbs [15].
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The immune-inflammatory axis is also implicated in
DPN pathogenesis. Hyperglycemia triggers systemic low-
grade inflammation characterized by increased levels of
pro-inflammatory cytokines such as TNF-q, IL-6, and CRP.
These mediators enhance vascular damage and sensitize
nociceptors, contributing to neuropathic pain in many
patients [16]. Moreover, dysfunction in mitochondrial
energy metabolism and impaired calcium homeostasis
further aggravate neuronal apoptosis and degeneration
[17].

DPN predominantly affects sensory neurons but may
also involve motor and autonomic fibers. Sensory damage
is most common, leading to impaired detection of
vibration, pressure, and temperature. As large-fiber
neuropathy  progresses, proprioception declines,
compromising balance and coordination. Small-fiber
involvement leads to burning pain, tingling, and altered
thermal perception [18]. Motor nerve damage, although
less frequent, results in distal muscle weakness and
atrophy, contributing further to gait instability [19].

These pathological changes manifest clinically in the
“stocking-glove” distribution of symptoms, typically
beginning in the toes and progressing proximally. The
combination of sensory loss, altered proprioception, and
muscular imbalance creates a high-risk environment for
falls, particularly in older adults with T2DM [20].

The diagram below summarizes the cascade of events
from hyperglycemia to nerve damage and functional
impairment:
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Understanding the multifactorial nature of DPN is critical
for clinicians, as it not only guides therapeutic
interventions but also highlights the importance of early
detection and comprehensive management strategies.
Despite advances in glycemic control and pharmacological
therapies, prevention of DPN progression remains
challenging, reinforcing the need for ongoing research and
patient education.

Mechanisms Linking Diabetic Peripheral Neuropathy
to Falls

Diabetic peripheral neuropathy (DPN) contributes to falls
through multiple physiological and biomechanical
mechanisms. The interplay of sensory deficits, motor
impairments, and autonomic dysfunction results in
compromised balance, delayed protective responses, and
altered gait patterns—all of which elevate the risk of falling
in adults with type 2 diabetes [21].

Sensory Impairment and Proprioceptive Loss

One of the primary mechanisms is large fiber sensory loss,
particularly involving proprioception. Proprioceptive
input from mechanoreceptors in the lower limbs helps
maintain balance during movement and while standing. In
DPN, damage to these fibers blunts the ability to perceive
foot placement, joint angles, and surface irregularities,
increasing instability [22]. As patients lose the capacity to
detect ground contact and adjust posture accordingly, the
likelihood of stumbling and losing balance rises
significantly [23].

Gait Abnormalities and Muscle Weakness

DPN leads to changes in gait, such as reduced step length,
slower walking speed, and a wider base of support. These
alterations are often compensatory but reflect an
underlying loss of coordination and confidence [24].
Weakness in the intrinsic muscles of the foot and distal leg
muscles due to motor nerve involvement further
diminishes push-off power and reduces balance during
transitions like turning or stepping up [25].

Muscle atrophy—especially in the anterior tibialis and
peroneal groups—leads to “foot drop” and increases the
chance of tripping. These biomechanical impairments
disrupt the smooth execution of walking and make
patients more reliant on vision or external support for
maintaining balance [26].

Altered Postural Reflexes

Postural control is an integrated function involving input
from the visual, vestibular, and somatosensory systems.
DPN disrupts the somatosensory pathway, and patients
often develop delayed or ineffective postural responses to
perturbations, especially during dual-task situations or in
the presence of environmental hazards [27].

Clinical studies using tools like the Timed Up and Go
(TUG) test and posturography platforms show
significantly reduced stability and greater sway in patients
with DPN compared to those without neuropathy [28].

Pain and Fear of Falling

Neuropathic pain, a common symptom in DPN, can
interfere with concentration and walking efficiency. It may
cause individuals to adopt protective, but unsteady,
postures. Additionally, fear of falling can lead to reduced
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mobility, deconditioning, and further loss of strength and
balance—creating a vicious cycle [29].

Autonomic Dysfunction

Autonomic nerve damage in DPN may result in orthostatic
hypotension, leading to dizziness and an increased
likelihood of falling, particularly upon standing. Sudden
drops in blood pressure can impair cerebral perfusion and
compromise alertness and balance in elderly patients [30].

Together, these mechanisms create a
multidimensional risk profile for falls in patients with DPN.
Understanding these underlying physiological disruptions
can help clinicians tailor effective prevention strategies,
including balance training, strength rehabilitation, and gait
assistance technologies.

Visual summary of major mechanisms by which
diabetic peripheral neuropathy contributes to
increased fall risk in adults with type 2 diabetes.

Sensory Impairment and
Proprioceptive Loss
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Gait Abnormalities and
Muscle Weakness
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Altered Postural
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Pain and Fear of Falling

Evidence from Clinical Studies

Several clinical studies have examined the relationship
between diabetic peripheral neuropathy (DPN) and
increased risk of falls in adults with type 2 diabetes
mellitus (T2DM). Evidence from both cross-sectional and
longitudinal research consistently demonstrates that DPN
significantly contributes to postural instability, gait
abnormalities, and ultimately, falls.

In a large prospective study by Allet et al. Involving
over 100 patients with T2DM, individuals with DPN
exhibited significantly lower balance scores and greater
postural sway compared to diabetic patients without
neuropathy [31]. These findings were consistent across
both static and dynamic postural assessments,
emphasizing the central role of sensory deficits in fall risk.

Another cross-sectional study by Richardson et al.
Showed that over 50% of patients with DPN had a history
of at least one fall within the past year, compared to just
18% in non-neuropathic diabetic patients [32]. The
presence of impaired vibration perception and
monofilament test failure were strongly associated with

Page | 192

@@@ @) Copyright © 2025. IJBR Published by Indus Publishers
CEEMEN This work is licensed under a Creative Commons Attribution 4.0 International License.



Association Between Diabetic Peripheral Neuropathy and Risk of Falls...

Table 1
Summary of Key Clinical Studies Examining DPN and Fall
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increased fall episodes. These sensory testing tools have
thus become standard in fall-risk screening for diabetic
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Furthermore, the Fremantle Diabetes Study, a longitudinal
observational cohort, found that patients with moderate to
severe neuropathy had a more than twofold increased risk
of recurrent falls over a 2-year follow-up period [33].
Importantly, the study also highlighted that DPN severity—
measured using the Michigan Neuropathy Screening
Instrument (MNSI)—was an independent predictor of fall
frequency, even after adjusting for age, comorbidities, and
vision impairment.

Functional performance tests such as the Timed Up
and Go (TUG), Berg Balance Scale, and gait velocity
measurements have been widely utilized in clinical trials
to objectively quantify fall risk in patients with DPN. One
randomized controlled trial conducted by Menz et al.
Assessed the effect of neuropathic symptoms on balance
confidence and walking ability. It found that DPN was
associated with increased double-support time and
reduced swing phase during walking, which are known
predictors of instability [34].

In addition to balance and gait issues, several studies
have linked neuropathic pain to impaired physical
function. A study by Vinik et al. Observed that patients
experiencing painful DPN reported significantly reduced
quality of life and were more likely to limit movement,
which inadvertently increased their fall risk due to
muscular deconditioning and joint stiffness [35].

Another recent systematic review pooled data from 11
studies and concluded that adults with DPN were
approximately 1.9 times more likely to fall than those
without DPN. Moreover, interventions targeting
proprioception and strength training showed promising
results in fall prevention among this high-risk population
[36].

Together, these studies provide robust evidence that
DPN is not just a sensory complication of diabetes but a
critical risk factor for falls. The consistent association
observed across diverse populations and assessment
methods underscores the need for routine DPN screening
in diabetic care to proactively address fall risk.

IJBR Vol.3 Issue.6 2025 @@@

Fall Risk Assessment Tools in Diabetic Peripheral
Neuropathy

Effective assessment of fall risk in individuals with diabetic
peripheral neuropathy (DPN) is crucial for timely
intervention and prevention. Various clinical tools and
objective tests are used to identify balance deficits, sensory
impairment, and functional limitations in this population.
These tools aid in both risk stratification and in monitoring
responses to interventions.

Michigan Neuropathy Screening Instrument (MNSI)
The MNSI is a widely validated screening tool that includes
both a questionnaire and physical examination. It
evaluates symptoms like numbness, tingling, and pain, and
checks for ankle reflexes, vibration sensation, and
monofilament sensitivity. MNSI scores correlate with the
severity of DPN and are predictive of gait instability and
increased fall risk [37].

10g Semmes-Weinstein Monofilament Test

This tool is a standard bedside method for detecting loss of
protective sensation. A 10-gram monofilament is applied
to several points on the foot; inability to feel the pressure
at specific sites is indicative of significant sensory
neuropathy. Patients failing this test have been shown to
have a 1.7-2.1 times greater fall risk [38].

Vibration Perception Threshold (VPT)

Using a biothesiometer or tuning fork, vibration
perception is tested on bony prominences like the hallux
or malleolus. Higher VPT values are associated with
greater sensory loss. Studies have demonstrated a strong
association between elevated VPT and impaired balance,
as well as increased fall frequency in DPN patients [39].

Timed Up and Go (TUG) Test

The TUG is a functional mobility test in which a person
rises from a chair, walks 3 meters, turns around, returns,
and sits down. A time greater than 13.5 seconds indicates
increased fall risk. TUG is particularly useful in DPN
populations, as it reflects lower limb strength, gait
coordination, and postural control [40].

Berg Balance Scale (BBS)

The BBS is a 14-item scale assessing static and dynamic
balance tasks such as standing, reaching, and turning.
Scores below 45 out of 56 suggest elevated fall risk. BBS
has been shown to reliably detect balance deficits in older
adults with DPN and is used frequently in clinical
rehabilitation settings [41].
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Dynamic Gait Index (DGI) and Functional Gait
Assessment (FGA)

These tools assess gait under various conditions (e.g.,
changing speed, stepping over obstacles). Both scales are
sensitive in detecting subtle gait abnormalities caused by
neuropathy and are often used in diabetic foot care and fall
prevention programs [42].

Computerized Posturography

Although more costly and typically used in research
settings, this tool quantifies postural sway, center of
pressure displacement, and sensory integration. Patients
with DPN show greater sway and less adaptive postural
strategies under altered sensory conditions, making this
method highly sensitive for fall-risk evaluation [43].

Table 2
Summary of Key Clinical Studies Examining DPN and Fall
Risk

. Fall-Risk
Tool Measures Scoring Cutoff Strength
Monofilament Tactlle. Felt/Not >.2 sites = Simple and fast
sensation felt risk
TUG Func.tl.onal Al >13.5sec  Validated, quick
mobility (sec)
Balance <45 = .
BBS tasks 0-56 risk Comprehensive
VPT Vibration Voltage >25V = Objective
sense threshold  risk measure
MNSI Symptoms - Score (0~ 22 = Widely used
+ signs 8) abnormal

Preventive and Management Strategies

Preventing falls in individuals with diabetic peripheral
neuropathy (DPN) involves a multidimensional approach
targeting glycemic control, physical function, footwear,
pain management, and education. These strategies aim to
mitigate the underlying neurological deficits and improve
stability.

Glycemic Control

Maintaining optimal blood glucose levels helps prevent the
progression of DPN and its complications. The DCCT and
UKPDS studies demonstrated that tight glycemic control
significantly reduces the incidence of neuropathy and
related functional impairments [44], [45].

Balance and Strength Training

Exercise programs that include lower limb strengthening,
balance exercises, and proprioceptive retraining are
effective in improving gait and reducing fall risk in patients
with DPN. Allet et al. Found that such interventions led to
significant improvements in gait speed and balance among
patients with moderate neuropathy [46].

Footwear and Foot Care

Protective footwear and regular foot assessments are
essential components of fall prevention. Proper shoes
reduce pain, improve balance, and prevent skin
breakdown that could alter gait. Diabetic foot care
guidelines recommend regular foot examinations and
patient education for self-inspection [47].

Pain Management

Neuropathic pain can reduce mobility and increase fall
risk. First-line agents such as duloxetine and pregabalin
not only alleviate pain but also improve sleep and quality

of life, which supports greater physical engagement and
reduces fear of falling [48].

Education and Environmental Modification

Educating patients on fall risk and modifying home
environments (e.g., removing loose rugs, using grab bars)
are low-cost but effective measures. These interventions
help reduce situational hazards, especially for patients
with impaired sensation and balance.

Limitations in Existing Literature

Although numerous studies highlight the association
between diabetic peripheral neuropathy (DPN) and
increased fall risk, several limitations in the current
literature restrict the generalizability and strength of
conclusions.

First, many studies use cross-sectional designs, which
limit causal inference. While associations between
neuropathy severity and fall incidence are well-
documented, the directionality and temporality of this
relationship are often unclear [49]. Longitudinal studies
are relatively few, and those available are limited by short
follow-up periods and small sample sizes.

Second, variability in diagnostic criteria for DPN and
inconsistent use of fall definitions across studies creates
challenges in comparing results. Some studies rely solely
on symptom questionnaires, while others use nerve
conduction studies or objective sensory testing. Similarly,
fall events are often self-reported, which may introduce
recall bias and underestimation [50].

Third, many trials fail to control for confounding
variables such as visual impairment, cognitive decline,
polypharmacy, and depression—factors known to
independently affect fall risk [51]. Without proper
adjustment, it is difficult to isolate the specific contribution
of DPN.

Fourth, most research has been conducted in older,
high-income populations, which limits the applicability to
younger adults with T2DM or individuals in low-resource
settings. There is a need for more ethnically and
geographically diverse studies to reflect real-world
heterogeneity in diabetes care and outcomes [52].

Finally, relatively few studies have evaluated
interventions specifically targeting fall prevention in DPN.
While balance training and foot care have shown promise,
rigorous randomized controlled trials (RCTs) with
standardized outcomes are still lacking.

Future Directions

Future research should prioritize long-term, multicenter
studies that use standardized diagnostic criteria for
diabetic peripheral neuropathy (DPN) and consistent
methods to assess falls. Current research often lacks
uniformity in how DPN is measured and how falls are
reported, making cross-study comparison difficult.

There is also a need for early screening models that are
practical and quick to use in clinical settings. Tools that
combine functional mobility testing, simple sensory
evaluations, and balance assessments should be validated
specifically for DPN populations.

Additionally, new interventions should be tested in
controlled trials. While balance training and foot care are
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widely recommended, there is limited high-quality
evidence on comprehensive, multidisciplinary programs
that also address psychological components like fear of
falling.

Emerging technologies — such as wearable sensors,
smart insoles, and vibration-based feedback devices —
show promise in improving balance and gait stability, but
they require further validation in diverse populations.

Lastly, future studies must be more inclusive of
younger adults with T2DM, underserved populations, and
low-resource settings. Community-level fall prevention
programs that are affordable, culturally sensitive, and
scalable should be explored to broaden the global impact
of DPN management.

CONCLUSION

Diabetic peripheral neuropathy (DPN) is a common yet
often under-recognized complication of type 2 diabetes
that significantly increases the risk of falls in affected
individuals. The interplay of sensory loss, motor
dysfunction, and altered postural control contributes to
gait instability and impaired balance, making fall
prevention a critical aspect of diabetic care.

Clinical evidence consistently shows that individuals
with DPN are more likely to experience recurrent falls,
with sensory impairment and delayed protective reflexes
being the primary contributors. Despite this well-
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