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Long-Term Follow-Up of continuous glucose monitoring for diabetic neuropathy
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Abstract
Background: Continuous glucose monitoring (CGM) has transformed glycemic surveillance, and longitudinal evidence links CGM-derived metrics, particularly time-in-range and glycemic variability, to the trajectory of diabetic neuropathy [6,13].
Objective: This review synthesizes long-term follow-up evidence on CGM use and diabetic neuropathy, examining how sustained glucose control and variability relate to nerve conduction, symptom burden, and neuropathy progression.
Methods: We synthesized randomized CGM trials, prospective cohort studies with multi-year follow-up, and mechanistic literature addressing glycemic variability, time-in-range, and diabetic neuropathy in type 1 and type 2 diabetes.
Findings: Sustained CGM use improves time-in-range and reduces variability relative to self-monitored glucose [7,8], and DCCT/EDIC follow-up shows that early sustained control durably lowers neuropathy incidence over decades [20,21]; CGM-derived variability correlates with nerve conduction slowing independent of mean glycemia [17,18].
Conclusions: Long-term CGM use supports glycemic stability that plausibly slows neuropathy progression, but dedicated trials linking CGM metrics directly to neuropathy endpoints remain limited; practice should combine CGM-guided variability reduction with standardized neuropathy screening [26,27].
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1. Introduction

Diabetic peripheral neuropathy remains the most common chronic complication of diabetes, affecting roughly half of people living with the disease for more than two decades and accounting for the large majority of non-traumatic lower-limb amputations [1,2]. Its pathophysiology converges on metabolic, vascular, and inflammatory injury to peripheral axons, with hyperglycemia-driven oxidative stress and microvascular insufficiency to the vasa nervorum forming the core pathway linking glycemic exposure to nerve injury [3,4,5]. Its relationship to glycemia has been established since the Diabetes Control and Complications Trial (DCCT) showed that intensive insulin therapy reduced the incidence of clinical neuropathy by roughly 60% over 6.5 years in type 1 diabetes [6]. What the DCCT could not resolve, because self-monitored glucose sampled only a handful of points per day, was how much of that effect came from mean glycemia as opposed to glucose excursions between measurements. Continuous glucose monitoring (CGM), capturing values every one to five minutes over years of near-continuous wear, has reopened that question with a resolution self-monitoring never offered.

Randomized trials of real-time and intermittently scanned CGM consistently show that sustained CGM use raises time-in-range and lowers glycemic variability relative to self-monitoring, independent of any change in mean HbA1c [7,8,9]. Because oxidative stress from acute glucose fluctuations has been proposed as a driver of microvascular injury distinct from sustained hyperglycemia alone [10,11], CGM offers a plausible route by which glycemic stability, not level alone, could modify neuropathy's long-term course. This review synthesizes long-term follow-up evidence linking CGM-derived metrics, principally time-in-range and variability, to diabetic peripheral and autonomic neuropathy outcomes.

2. Methods

We synthesized peer-reviewed randomized controlled trials of CGM technology, prospective cohort studies with multi-year neuropathy follow-up, and epidemiological and mechanistic studies addressing glycemic variability, time-in-range, and diabetic peripheral or autonomic neuropathy in type 1 and type 2 diabetes. Sources included the DCCT/EDIC cohort and its neuropathy-specific analyses, pivotal CGM randomized trials (DIAMOND, GOLD, HypoDE, IN CONTROL, WISDM), International Consensus statements defining CGM-derived glycemic metrics, glycemic-variability cohort studies with nerve conduction endpoints, Cochrane-level syntheses of intensive glycemic control trials [12], and American Diabetes Association position statements on diabetic neuropathy. Because few trials were designed with neuropathy as a primary CGM endpoint, we drew on studies reporting HbA1c, time-in-range, or variability indices as exposures and nerve conduction velocity, symptom scores, or adjudicated neuropathy diagnosis as outcomes, supplemented by mechanistic literature on glucose variability and nerve injury.

3. Results

Continuous glucose time-in-range and incident neuropathy

Time-in-range, defined by international consensus as the percentage of CGM readings between 70 and 180 mg/dL, has emerged as the primary clinically actionable CGM metric and correlates closely with HbA1c while additionally capturing excursion patterns HbA1c cannot [13,14]. In the DIAMOND trial, adults with type 1 diabetes on multiple daily injections randomized to CGM achieved significantly greater time-in-range and reduced hyperglycemic and hypoglycemic exposure than the self-monitoring group over 24 weeks, with gains sustained at extended follow-up [7,15]. The parallel GOLD trial in Sweden found comparable benefits in a crossover design, reinforcing that the effect generalizes across health systems and device generations [8]. Extrapolated across the multi-year windows over which neuropathy develops, such time-in-range gains would be expected, under the dose-response relationship established in the DCCT, to translate into materially lower cumulative neuropathy risk
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period [7,8].

Long-term glycemic variability and nerve conduction studies

Glycemic variability, distinct from mean glycemia, has an independent evidence base linking it to microvascular nerve injury. In a landmark ten-year follow-up of adults with type 1 diabetes, Bragd and colleagues found that variability calculated from self-monitored glucose predicted later microvascular complications, including neuropathy, after adjustment for mean HbA1c [17]. CGM-derived variability indices extend this relationship with denser sampling: cohorts using CGM-calculated coefficient of variation and mean amplitude of glycemic excursions find that higher variability associates with slower nerve conduction velocities and greater symptom burden independent of concurrent HbA1c, consistent with variability acting through oxidative-stress pathways distinct from chronic hyperglycemia [10,11]. The SEARCH for Diabetes in Youth study, following youth-onset diabetes cohorts over extended follow-up, found substantial peripheral neuropathy prevalence even in this population and identified glycemic exposure as a principal modifiable risk factor [18].

Comparison of monitoring modalities and

neuropathy-relevant outcomes

Table 1: Long-term follow-up evidence across major CGM randomized trials and glycemic-variability cohort studies relevant to diabetic neuropathy risk [7,8,9,19,17,18].[image: Table 1: Long-term follow-up evidence across major CGM randomized trials and glycemic-variability cohort studies relevant to diabetic neuropathy risk [7,8,9,19,17,18].]
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incidence despite comparable mean HbA1c [17].

Table 1 summarizes long-term follow-up evidence across the major CGM randomized trials and glycemic-variability cohort studies, contrasting the monitoring modality, follow-up duration, and neuropathy-relevant glycemic outcome each contributes. The pattern across these studies is consistent: every trial directly comparing CGM to self-monitored blood glucose shows superior time-in-range and reduced variability under CGM, while every cohort study relating variability or time-in-range to nerve outcomes finds an independent association with neuropathy measures, even though no single study to date randomizes CGM use against a hard, multi-year incident-neuropathy endpoint [9,19].

4. Discussion

CGM metrics versus HbA1c in predicting neuropathy progression

The strongest direct evidence that sustained glycemic control changes long-term neuropathy trajectory remains the DCCT/EDIC cohort, whose participants have now been followed for more than three decades. Martin and colleagues showed that the neuropathy risk reduction achieved by early intensive therapy in the DCCT persisted throughout EDIC follow-up despite convergence of HbA1c between the original treatment groups, a phenomenon termed metabolic memory that implicates early glycemic exposure, including its variability, as a durable determinant of nerve health [20]. Nathan and the DCCT/EDIC Research Group's 30-year synthesis confirmed that this legacy effect extends across essentially every microvascular complication studied, with neuropathy among the complications showing the clearest persistent separation between original treatment arms [21]. Table 2 contrasts HbA1c-based and CGM-metric-based approaches to predicting neuropathy progression, drawing on Cochrane-level synthesis of intensive glycemic control trials and CGM-era cohort data [22,23].

Because CGM captures the excursion pattern that HbA1c averages away, several groups have proposed that CGM-derived variability indices could eventually outperform HbA1c as neuropathy-risk predictors, though this remains an emerging rather than established claim. Tesfaye and colleagues' EURODIAB analysis had already shown, in the pre-CGM era, that glycemic control alongside modifiable cardiovascular risk factors jointly predicted incident neuropathy in a large European cohort, establishing the multifactorial template that CGM-era variability research has since refined with denser glucose sampling [24]. Malik and colleagues' histopathological work in patients with minimal but progressive neuropathy further supports a mechanistic pathway by which subclinical nerve fiber loss precedes overt symptoms, a window in which sensitive CGM-derived variability signals could plausibly flag risk earlier than symptom-based or HbA1c-based surveillance alone [25]. Guideline bodies, including the American Diabetes Association's position statement on diabetic neuropathy, now recommend structured annual neuropathy screening for all patients with diabetes regardless of glycemic control strategy, explicitly because no single glycemic metric, CGM-derived or otherwise, has yet been shown sufficient to substitute for direct neurological assessment [26,27].

Table 2: HbA1c-based versus CGM-metric-based approaches to predicting long-term diabetic neuropathy progression

[6,20,21,22,12,23].

Metric Source evidence Strength for long-term neuropathy prediction

Mean HbA1c DCCT/EDIC, Cochrane Well-established intensive-control reviews dose-response; captures [6,22,12] average exposure, not excursion pattern Metabolic DCCT/EDIC 30-year Strong, durable across memory follow-up [20,21] decades even after HbA1c (early HbA1c convergence legacy) CGM DIAMOND, GOLD, Correlates with HbA1c; time-in-range consensus definitions captures excursions, long-term neuropathy link inferred CGM-derived Variability cohorts, Independent variability mechanistic reviews [23] nerve-conduction indices association; dedicated outcome trials still lacking Hypoglycemia unawareness and autonomic neuropathy present a further dimension where long-term CGM follow-up has direct clinical relevance. The IN CONTROL and HypoDE trials both demonstrated that CGM substantially reduces severe hypoglycemia exposure in patients with impaired awareness, a population in which autonomic neuropathy is both a cause and a consequence of recurrent hypoglycemic episodes, suggesting CGM may interrupt a bidirectional cycle between glycemic instability and autonomic nerve dysfunction over sustained use [19,9]. The WISDM trial extended this benefit to older adults with type 1 diabetes, a population at particularly high risk of combined autonomic and peripheral neuropathy, showing durable hypoglycemia reduction with real-time CGM over six months of follow-up [28]. Earlier threshold-suspend pump technology in the ASPIRE In-Home study, and a subsequent pilot comparison of real-time and intermittently scanned CGM in patients with impaired hypoglycemia awareness, both showed meaningful reductions in severe and biochemical hypoglycemia that would be expected to lessen the recurrent autonomic insult implicated in progressive cardiovascular and peripheral autonomic neuropathy [29,30]. Real-world registry data from nationwide CGM reimbursement programs similarly show sustained glycemic and quality-of-life benefits extending well beyond the controlled trial window, supporting the plausibility that these gains persist long enough to influence neuropathy trajectories on the multi-year timescale over which nerve injury accumulates [31].

5. Conclusion

Three decades of cohort and, more recently, trial evidence converge on the conclusion that sustained glycemic control, and increasingly the glycemic stability that continuous glucose monitoring makes achievable and measurable, is central to the long-term course of diabetic neuropathy. The DCCT/EDIC legacy-effect data provide the clearest proof that early, sustained control durably lowers neuropathy risk decades later [20,21], while CGM-era trials and variability cohorts consistently show that CGM improves time-in-range and reduces glycemic excursions in ways that correlate independently with nerve conduction and symptom measures [17,7]. What is still missing is a dedicated long-duration randomized trial powered specifically for incident or progressive neuropathy as a primary CGM endpoint; until that evidence exists, the most defensible clinical position is to use CGM to pursue durable time-in-range and low variability as neuropathy-relevant glycemic targets while continuing structured, standardized neuropathy screening as an independent surveillance track rather than a metric CGM can yet replace [13,26].
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