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ABSTRACT 
Background: Diabetes mellitus (DM) is a chronic metabolic disorder with rising 

global prevalence that causes diverse neurological and systemic complications. The 

overlap between endocrinology and neurology in DM care requires clear understanding 

of pathophysiology and preventive pharmacological strategies to reduce morbidity and 

mortality. Objective: This review summarizes neurological complications of DM, 

including peripheral and autonomic neuropathies, cerebrovascular disease, and other 

neuro-endocrine manifestations, and synthesizes current evidence on preventive 

medicine and prophylaxis. Methods: A narrative review of PubMed, Scopus, and Web 

of Science (2000–2024) identified fifty peer-reviewed publications selected for 

relevance, methodological quality, and recency. Results: Diabetic peripheral 

neuropathy affects up to 60% of patients with long-standing DM, while cardiac 

autonomic neuropathy is linked to roughly a two-fold rise in cardiovascular mortality. 

Prophylactic measures such as intensive glycemic control, aldose reductase inhibitors, 

alpha-lipoic acid, and SGLT2 inhibitors show measurable neuroprotective effects. 

Conclusion: Preventive approaches addressing glycemic, metabolic, and vascular 

risks significantly limit the development and progression of diabetic neurological 

complications. Early biomarker-based screening and multidisciplinary prophylaxis 

remain key strategies. 
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preventive medicine; prophylaxis; endocrinology; autonomic neuropathy 
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Diabetes mellitus represents one of the foremost public health challenges of the 

twenty-first century. The International Diabetes Federation estimates that 

approximately 537 million adults worldwide are living with diabetes, a figure projected 

to reach 783 million by 2045 [5,6]. Within this epidemiological context, neurological 

complications emerge as among the most prevalent, functionally disabling, and 

economically burdensome sequelae of chronic hyperglycemia. The neurological 

manifestations of DM span a broad clinical continuum—from subclinical peripheral 

nerve conduction abnormalities to overt autonomic failure, painful polyneuropathy, 

and heightened stroke risk—constituting a domain of significant overlap between 

endocrinology and neurology [1,2,3]. 

Diabetic peripheral neuropathy (DPN) is the most common complication of DM, 

estimated to affect 50–60% of patients over the course of their disease [4,11]. Cardiac 

autonomic neuropathy (CAN), meanwhile, substantially elevates cardiovascular 

mortality, with a meta-analysis demonstrating a two-fold increase in all-cause mortality 

among diabetic patients with CAN compared to those without [21]. Beyond the 

peripheral nervous system, chronic hyperglycemia contributes to accelerated 

cerebrovascular atherosclerosis, increased stroke incidence, and impaired cognitive 

function [17]. 

Despite these well-established associations, neurological complications of DM 

remain underdiagnosed and inadequately managed in routine clinical practice. A 

paradigm shift toward early detection, risk stratification, and evidence-based 

prophylaxis is urgently needed. Preventive medicine frameworks that integrate 

glycemic optimization with neuro-protective pharmacotherapy, lifestyle modification, 

and regular neurological surveillance offer the most promising pathway to reducing the 

global burden of diabetic neurological complications [34,35]. 

The endocrinological underpinning of diabetic neuropathy involves complex 

interactions among hyperglycemia-driven metabolic pathways, including polyol 

pathway flux, advanced glycation end-product (AGE) accumulation, protein kinase C 

activation, and oxidative stress—each contributing to neuronal injury through 

mitochondrial dysfunction and microvascular insufficiency [14,15,16]. Understanding 
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these mechanisms is essential for developing targeted prophylactic strategies. This 

review synthesizes current evidence on pathophysiology, epidemiology, diagnostic 

approaches, and preventive and prophylactic interventions for the neurological 

complications of DM. 

MATERIALS AND METHODS 
A systematic narrative review was conducted in accordance with established 

standards for evidence synthesis in clinical medicine. Electronic databases including 

PubMed/MEDLINE, Scopus, Embase, and Web of Science were searched from 

January 2000 through December 2024. The following Medical Subject Headings 

(MeSH) terms and free-text keywords were employed in Boolean combinations: 

'diabetes mellitus,' 'diabetic neuropathy,' 'peripheral neuropathy,' 'autonomic 

neuropathy,' 'cardiac autonomic neuropathy,' 'diabetic complications,' 'neurological 

complications,' 'preventive medicine,' 'prophylaxis,' 'glycemic control,' 

'endocrinology,' 'alpha-lipoic acid,' 'SGLT2 inhibitors,' and 'cerebrovascular disease.' 

Inclusion criteria encompassed: (1) peer-reviewed original research articles, 

systematic reviews, meta-analyses, and authoritative clinical guidelines; (2) studies 

published in English; (3) human subjects aged 18 years or older with type 1 or type 2 

DM; (4) reporting on neurological complications, preventive interventions, or 

prophylactic pharmacotherapy. Exclusion criteria included: conference abstracts 

without full-text publication, case reports with fewer than five subjects, and studies of 

animal models without translational human data. 

Fifty publications meeting predefined inclusion criteria were selected, 

prioritizing large-scale randomized controlled trials, landmark cohort studies 

(including DCCT/EDIC, UKPDS, ACCORD, and STENO-2), and position statements 

from leading diabetes and neurology professional societies. Data were extracted 

regarding complication prevalence, pathophysiological mechanisms, diagnostic 

biomarkers, and therapeutic efficacy of preventive interventions. Epidemiological data 

on complication prevalence were synthesized from multicenter population-based 

studies and pooled analyses, providing the basis for the tabular and graphical 

summaries presented in the Results section. 
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RESULTS 
Table 1. Classification, Prevalence, Biomarkers, and Primary Prevention Strategies for Major 

Neurological and Systemic Complications of Diabetes Mellitus 
Complication 

Type Classification Prevalence 
(%) Onset (years) Key Biomarker Primary 

Prevention 

Distal Symmetric 
Polyneuropathy 

Sensorimotor 50–60 5–10 NCS velocity Glycemic 
control, α-lipoic 
acid 

Cardiac 
Autonomic 
Neuropathy 

Autonomic 25–30 8–15 HRV index ACE inhibitors, 
beta-blockers 

Diabetic 
Retinopathy 

Proliferative / 
NPDR 

28–44 5–7 VEGF level Laser therapy, 
anti-VEGF 

Diabetic 
Nephropathy 

CKD stage I–V 30–40 10–15 Albuminuria, 
eGFR 

SGLT2 
inhibitors, ARBs 

Cerebrovascular 
Disease 

Ischemic stroke 12–18 10–20 HbA1c, CRP Statins, 
antiplatelet 
therapy 

Diabetic Foot 
Syndrome 

Wagner grade 
0–V 

15–25 7–12 ABI, monofilament Offloading, 
wound care 

 
Note: NCS = nerve conduction studies; HRV = heart rate variability; VEGF = vascular endothelial growth factor; eGFR 

= estimated glomerular filtration rate; ABI = ankle-brachial index; ACE = angiotensin-converting enzyme; ARB = 

angiotensin receptor blocker; SGLT2 = sodium-glucose cotransporter-2; CKD = chronic kidney disease; NPDR = non-

proliferative diabetic retinopathy. 
 

 

 
Figure 1. Prevalence of Neurological and Systemic Complications in Type 1 and 

Type 2 Diabetes Mellitus 
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The pooled prevalence data from included studies are summarized in Table 1 

and Figure 1. Distal symmetric polyneuropathy (DSPN) emerged as the most prevalent 

neurological complication, affecting 50–60% of patients with long-standing DM, with 

higher rates observed in type 1 DM cohorts where cumulative glycemic exposure was 

objectively quantified [8,9]. The landmark DCCT/EDIC study demonstrated that 

intensive insulin therapy reduced the incidence of confirmed clinical neuropathy by 

64% in type 1 DM patients over 6.5 years, establishing tight glycemic control as the 

primary prophylactic intervention [8,9]. 

Cardiac autonomic neuropathy was identified in 25–30% of patients across 

included cohort studies, with a two-fold independent increase in all-cause mortality 

compared to diabetic patients without CAN [20,21,22]. Heart rate variability indices, 

including the coefficient of variation of R-R intervals and the Valsalva maneuver ratio, 

were the most consistently employed diagnostic biomarkers across studies [49]. 

Diabetic retinopathy and nephropathy demonstrated strong bidirectional associations 

with peripheral neuropathy, confirming the role of shared microvascular and metabolic 

pathogenic pathways [36]. 

SGLT2 inhibitors (empagliflozin, canagliflozin) and GLP-1 receptor agonists 

(liraglutide) demonstrated significant reductions in composite cardiovascular 

endpoints and renal progression in large randomized controlled trials, with secondary 

benefits on autonomic and microvascular complication trajectories [29,30,31]. Alpha-

lipoic acid (600 mg/day intravenously for three weeks) demonstrated significant 

improvement in total symptom scores in the ALADIN trial, establishing its role in 

symptomatic neuropathy management [25]. The STENO-2 multifactorial intervention 

trial showed a 53% relative risk reduction in cardiovascular events and a significant 

reduction in microvascular complications through intensified targeting of glycemia, 

blood pressure, dyslipidemia, and coagulation simultaneously [34]. 

DISCUSSION 
The findings of this review underscore the multifaceted nature of neurological 

complications in DM and reinforce the centrality of preventive medicine in diabetic 
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care. The pathogenesis of DPN and CAN converges on four canonical hyperglycemia-

driven biochemical pathways: (1) increased polyol pathway activity resulting in 

sorbitol accumulation and osmotic stress; (2) AGE formation impairing axonal 

cytoskeletal integrity; (3) PKC-β activation disrupting neurovascular endothelial 

function; and (4) mitochondrial reactive oxygen species overproduction inducing 

oxidative neuronal injury [14,15,16]. Therapeutic prophylaxis targeting these 

mechanisms has formed the rationale for clinical trials of aldose reductase inhibitors, 

AGE crosslink breakers, and antioxidants, with variable success [46,47]. 

Preventive medicine frameworks for diabetic neuropathy must operate across 

three tiers: primary prevention (pre-empting neuropathy onset through glycemic 

optimization), secondary prevention (halting progression in subclinical neuropathy via 

biomarker-guided therapy), and tertiary prevention (managing symptomatic 

neuropathy to minimize disability). The UKPDS demonstrated that intensive glycemic 

control in newly diagnosed type 2 DM patients reduced microvascular complication 

rates by 25%, validating primary prevention through metabolic control [10,37]. For 

type 1 DM, the DCCT/EDIC study remains the gold standard, demonstrating sustained 

neuroprotection decades after the trial intervention concluded—the so-called 'legacy 

effect' [9]. 

Emerging evidence positions SGLT2 inhibitors as pivotal agents in the 

preventive medicine armamentarium for diabetic complications. Beyond their glucose-

lowering effects, these agents confer hemodynamic, anti-inflammatory, and cardio-

renal protective effects that appear to decelerate microvascular injury [29,30]. 

Similarly, GLP-1 receptor agonists have demonstrated neuroprotective properties in 

preclinical models, with emerging clinical evidence suggesting benefits on autonomic 

function indices [31]. The integration of these novel therapeutic classes into preventive 

protocols represents a substantive advance in diabetic endocrinology. 

The diagnostic landscape for diabetic neuropathy has evolved considerably. Skin 

biopsy for intraepidermal nerve fiber density quantification and corneal confocal 

microscopy have emerged as sensitive tools for early neuropathy detection, enabling 

intervention before irreversible axonal loss occurs [45]. These technologies support a 
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shift toward biomarker-guided, individualized preventive strategies rather than 

uniform population-level screening thresholds. Concurrently, composite scoring 

systems such as the Michigan Neuropathy Screening Instrument (MNSI) provide 

validated clinical tools for systematic surveillance in primary care settings [27]. 

The neuropsychiatric dimensions of diabetic neuropathy—including depression, 

sleep disruption, and reduced quality of life attributable to neuropathic pain—represent 

a domain where preventive medicine interfaces with mental health. Pain severity in 

DPN correlates significantly with anxiety, depression, and functional impairment, 

highlighting the importance of holistic prophylactic strategies that address 

neuropsychological as well as neurophysiological outcomes [41]. Multidisciplinary 

care teams incorporating endocrinologists, neurologists, pain specialists, podiatrists, 

and psychologists deliver superior prophylactic outcomes compared to single-specialty 

management. 

Lifestyle modification remains an underutilized pillar of neuropathy 

prophylaxis. A landmark intervention study by Smith et al. demonstrated that a 

structured exercise and dietary intervention in prediabetic patients with sensory 

neuropathy produced measurable improvements in intraepidermal nerve fiber 

density—the first demonstration of neurological regeneration through lifestyle 

intervention [44]. These findings extend the preventive medicine paradigm beyond 

pharmacological prophylaxis to encompass behavioral and metabolic interventions 

with genuine neuroregenerative potential. 

CONCLUSION 
Neurological complications of diabetes mellitus, encompassing peripheral 

neuropathy, cardiac autonomic neuropathy, and cerebrovascular disease, impose a 

substantial and growing global burden. Their pathogenesis reflects a convergence of 

endocrinological, metabolic, and vascular mechanisms amenable to targeted 

prophylactic intervention. The evidence reviewed herein supports a tripartite 

preventive medicine strategy: intensive glycemic control as the cornerstone of primary 

prophylaxis; early biomarker-guided detection using validated neurophysiological and 

morphological tools; and multifactorial risk factor modification integrating SGLT2 
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inhibitors, antioxidant supplementation, blood pressure optimization, and structured 

lifestyle intervention. Multidisciplinary collaboration between endocrinology and 

neurology is imperative to operationalize these strategies in clinical practice. Future 

research should prioritize neuroprotective biomarker discovery, neuroregeneration-

promoting interventions, and precision medicine approaches that tailor prophylaxis to 

individual risk profiles and complication trajectories. 
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