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Abstract 

Continuous Glucose Monitors (CGMs) are wearable forms of technology that have been traditionally used in 

diabetes management in order to improve glycemic control and reduce glycemic variability. More recently, 

CGMs have expanded into the field of endurance sports, particularly among long-distance runners who rely 

heavily on carbohydrate intake to support training and performance demands. This systematic review explores 

the long-term metabolic effects of frequent high carbohydrate intake in non-diabetic athletes, particularly since 

carbohydrate loading is essential for optimizing endurance performance. This study analyzes existing literature 

through a structured review of current evidence on continuous glucose monitors in diabetic and non-diabetic 

populations. Particular emphasis was placed on the potential of CGMs to enhance metabolic awareness and 

optimize nutritional strategies in endurance runners. 
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1. Introduction 

Continuous glucose monitors are increasingly being explored beyond their traditional role in diabetes 

management. Due to the repetitive carbohydrate loading in endurance running, CGMs can provide real-time 

data and feedback to help athletes better understand their metabolic response during exercise and during 

carbohydrate loading phases two-three days before an endurance race. While transient increases in glucose 

levels between 140-180mg/dL occur following glucose consumptions during half and full marathons, these 

fluctuations highlight the importance of real-time metabolic monitoring [1,2]. 

When it comes to half and full marathon running, carbohydrates are critical energy sources for running and 

competition. Glycogen is a stored form of glucose that is essential for energy production in contracting skeletal 

muscles. However, due to the limited endogenous glycogen stores (liver: ~ 80-100g and skeletal muscle: 300-

400g), its depletion is often associated with fatigue during half and full marathon running. With this in mind, 

endurance runners are recommended to consume 8-12 of carbohydrates per kg of body weight per day for 2–3 

days prior to a race. The American College of Sports Medicine guidelines for carbohydrate consumption are per 

hour of exercise and recommends consuming 60 g carbohydrates for the first 2.5 hours of exercise and to 

consume up to 90 g of carbohydrates when exercise lasts more than 2.5 hours [2,3]. 

Despite the established role of carbohydrate loading in optimizing endurance, the frequent consumption of 

carbohydrates may have unintended metabolic consequences. The growing concern is that, over time, repetitive 

carbohydrate loading can lead to glucose dysregulation. However, carbohydrate loading is essential for 

maintaining energy availability and delaying fatigue during high-volume training [1,2]. The long term impact of 

CGM usage in relation to repeated carbohydrate loading and glycemic control on non-diabetic endurance 

runners remains an emerging area of research. 

2. Background 

Continuous glucose monitors allow users to track glucose trends in real time, providing immediate insight into 

how diet and activity influence blood sugar levels [4,5]. This wearable tool is an emerging area of interest, 

particularly within endurance running athletes. Due to the demands of running long distances, endurance 

athletes must undergo consistent carbohydrate loading in their training to effectively sustain high mileage 

running. However, frequent carbohydrate loading can lead to long term glucose dysregulation, especially if the 

athlete is already predisposed to diabetes. 

3. Methods 

A structured literature review was conducted to evaluate the role of CGMs in metabolic health and the potential 

application in endurance athletes. A thorough literature review was gathered from databases including PubMed, 

Google Scholar, and MEDLINE for relevant studies surrounding this topic. Search terms for this review 

included carbohydrate loading, continuous glucose monitoring, endurance athletes, and glycemic variability. 
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3.1 Inclusion Criteria 

Studies that included randomized controlled trials, cohort studies, and review articles that evaluated CGM use in 

diabetic or non-diabetic populations were included. Studies specifically involving endurance exercise as well as 

endurance running were prioritized. Reported outcomes related to glycemic control, metabolic health, or 

exercise physiology were also gathered. 

3.2 Exclusion Criteria 

Studies that did not include finger stick readings and the inclusion of CGM data in diabetes management, along 

with non-human studies were excluded from this review. A total of 10 studies met inclusion criteria for this 

literature review emphasizing CGM usage. Data extracted key findings related to glycemic outcomes or 

performance-related measures. Findings were synthesized with attention to the strength and limitations of the 

available literature review. 

4. Results 

Literature evidence suggests that CGMs provide continuous and individualized metabolic feedback that can 

reveal glycemic changes during carbohydrate loading phases needed for endurance running. Although most 

CGM research has been emphasized for diabetes management, studies have been shown to prove the 

effectiveness of  CGMs in non- diabetic users and endurance training. CGMs can be helpful when optimizing 

fueling strategies to help endurance athletes during their various strategies of carbohydrate loading and 

endurance training. 

4.1 CGM Use in Diabetic Populations 

Throughout multiple randomized controlled trials and cohort studies, CGM use was consistently associated with 

improved glycemic control. The authors in [5, 6] demonstrated reductions in HbAlc and decreased glycemic 

variability in patients with type 1 and type 2 diabetes, as further illustrated in Figure 1. 
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Figure 1: The first graph shows how HbA1c decreased from 8.6% to 7.5% over three months following CGM 

use in patients with type 1 and type 2 diabetes. The second graph demonstrates an increase in Time in Range 

(TIR)-the percentage of time blood glucose levels remain within a target, healthy range-after initiation of CGM 

4.2 CGM Use in Endurance and Non-Diabetic Populations 

Although a limited number of studies have directly evaluated CGM use in endurance athletes, Figure 2 

demonstrates that CMs can be used during ultramarathon events (running events greater than 26 miles) to assess 

individualized carbohydrate requirements and monitor glucose trends in real time [7]. 

 

Figure 2: Scatter plots showing the positive relationship between glucose level and running speed. The intake of 

energy (A) and carbohydrate (B) were calculated based on consumed foods and consumed fluids 

5. Discussion 

This literature review highlights the established role of CGMs in diabetes management while examining their 

emerging role in endurance athletes. Strong evidence supports CGM use in diabetic populations, particularly for 
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improving glycemic control and reducing HbA1c variability [5,8]. However, there is limited targeted research to 

translate these findings to non-diabetic endurance athletes. 

Endurance athletes rely heavily on carbohydrate fueling to sustain endurance performance. The literature 

obtained in this review has demonstrated a positive relationship between carbohydrate availability and 

endurance capacity [1,2]. Yet, the long-term metabolic implications of repeated carbohydrate loading is not yet 

fully understood. This literature review has suggested that high carbohydrate exposure may influence insulin 

sensitivity [9,10]. However, direct evidence in endurance athletes is still limited. 

Emerging research data suggests that CGMs can provide real-time insight into glucose fluctuations during 

endurance running. As noted, figure two, demonstrated that CGMs can be used to assess individualized 

carbohydrate requirements during ultramarathon endurance running [7]. While these findings highlight a 

potential application for CGMs to athletes, this study is limited by small sample sizes of runners. 

Additionally, long-term outcome data surrounding CGM usage for prediabetes prevention and endurance 

athletes is still early in its evaluation and additional longitudinal data is needed for further review. Future 

research should establish athlete-specific glycemic benchmarks, incorporate CGMs into longitudinal metabolic 

health data, and investigate how real-time feedback influences nutritional decision making and behavioral 

modification in endurance athletes.Despite these limitations, CGMs may offer a valuable tool for individualized 

metabolic monitoring. Real-time glucose feedback could support more informed nutritional decision-making, 

especially during periods of high training load and particularly relevant for athletes with a family history of 

diabetes [10]. As research evolves, wearable technology such as CGMs may help support evidence-based 

nutrition and metabolic strategies to improve athletic performance and long-term health. 

6. Conclusion 

Through literature review, it has been shown that CGMs hold an important role in not only improving metabolic 

health and can be positively translated into athletic performance and optimization. By utilizing CGMs, athletes 

who are at risk for pre diabetes can better manage glucose fluctuations and implement preventive nutritional 

strategies in their daily training to meet the metabolic demands of endurance running. There is still limited data 

and generalizability surrounding this study and more longitudinal research is recommended. As wearable 

technology advances, research bridging sports medicine, endocrinology and digital advancements can help 

improve overall health optimization for future research. 
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