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ABSTRACT

Adolescent-onset type 2 diabetes mellitus (T2DM) presents a growing global health burden, characterized by rapid
disease progression, early onset of complications, and suboptimal response to pharmacological therapy. High-fiber
diets have emerged as promising adjunctive strategies for glycemic management due to their physiological effects
on glucose absorption, insulin sensitivity, and gut hormone regulation. This review explored the impact of dietary
fiber on glycemic control among adolescents with T2DM, highlighting both mechanistic insights and empirical
evidence. Utilizing a narrative review methodology, we synthesized data from observational studies, randomized
controlled trials, and clinical guidelines to examine the relationship between fiber intake and glycemic indices such
as HbA1c¢, fasting glucose, insulin resistance, and lipid profiles. The review revealed that fiber, particularly soluble
and fermentable types, improves glycemic markers through delayed carbohydrate absorption and modulation of
short-chain fatty acids and incretin hormones. Although clinical trials remain limited in pediatric populations,
available data supports a moderate but clinically meaningful effect of high-fiber diets on metabolic outcomes.
Implementation challenges include limited accessibility, dietary adherence, and sociocultural preferences.
Nonetheless, the integration of high-fiber diets into adolescent diabetes care through school programs, caregiver
engagement, and culturally tailored interventions offers a viable, sustainable strategy to complement pharmacologic
therapy and improve long-term outcomes.
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INTRODUCTION
Type 2 diabetes mellitus (T2DM), once considered a disease of adulthood, is now increasingly prevalent among
adolescents globally [1-37. This epidemiological transition is attributable to an intersection of factors, including
the rising prevalence of childhood obesity, sedentary lifestyles, high consumption of energy-dense processed foods,
and genetic predisposition. Adolescents with T2DM experience a more aggressive clinical course than adults, often
presenting with marked insulin resistance, rapid B-cell decline, and earlier onset of microvascular complications [4,
57. Pharmacological treatment, primarily with metformin or insulin, offers limited long-term glycemic stability in
this age group, and adherence remains a notable challenge. Consequently, adjunctive lifestyle and nutritional
interventions have gained momentum in recent literature. Among dietary interventions, high-fiber diets have
emerged as a promising non-pharmacological approach for improving glycemic control [6-87. Dietary fiber,
particularly soluble fiber, exerts beneficial effects by delaying gastric emptying, reducing postprandial glucose
excursions, and improving insulin sensitivity. Moreover, dietary fiber influences gut microbiota composition, leading
to increased production of short-chain fatty acids (SCFAs), which modulate glucose metabolism and inflammation.
Adolescents are in a unique developmental phase, both physiologically and behaviorally, and therefore, nutritional
strategies must be tailored to their specific needs [97. This review examines current evidence on the role of high-
fiber diets in glycemic management among adolescents with T2DM. It explores the mechanistic underpinnings of
fiber's metabolic effects, summarizes findings from observational studies and interventional trials, and discusses
implementation challenges specific to adolescent populations. Emphasis is also placed on cultural and socioeconomic
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considerations, which play a critical role in dietary adherence and the scalability of fiber-based interventions.
Considering the growing burden of youth-onset T2DM, understanding the efficacy and applicability of high-fiber
diets is essential for informing future clinical guidelines and public health strategies.
Pathophysiology of Type 2 Diabetes in Adolescents
The pathophysiology of T2DM in adolescents is characterized by a complex interplay of insulin resistance and
progressive -cell dystunction [57]. Obesity, particularly central adiposity, is a key driver of insulin resistance
through increased free fatty acid flux, chronic low-grade inflammation, and adipokine dysregulation [10, 117. The
compensatory hyperinsulinemia that ensues eventually fails to maintain normoglycemia as B-cell function
deteriorates. In adolescents, this metabolic dysfunction is often accelerated compared to adults. Studies indicate that
insulin resistance in youth is more severe and accompanied by a faster decline in endogenous insulin production.
Additionally, hormonal changes during puberty, such as growth hormone surges, exacerbate insulin resistance.
Consequently, adolescents with T2DM often present with higher HbA1c levels at diagnosis, greater cardiovascular
risk profiles, and more rapid progression to insulin therapy. Lifestyle interventions are often prescribed as first-line
management, but the long-term success of such strategies is limited by developmental, psychological, and
environmental barriers. In this context, dietary fiber has gained interest in its potential to modulate insulin
sensitivity and delay disease progression through both direct and indirect pathways.
Mechanisms of Action: How Dietary Fiber Modulates Glycemia
Dietary fiber refers to the indigestible components of plant-based foods that resist enzymatic breakdown in the
small intestine [12, 1387. It is broadly classified into soluble and insoluble types, both of which play distinct but
complementary roles in glycemic control. Soluble fibers, found in oats, legumes, fruits, and psyllium, dissolve in
water to form viscous gels that slow gastric emptying and glucose absorption [147]. This mechanism attenuates
postprandial glucose spikes and reduces insulin demand. Soluble fibers also delay nutrient diffusion through the
mucosal layer, leading to improved glycemic profiles and decreased glycemic variability an important target in
diabetes management. Insoluble fibers, primarily found in whole grains and vegetables, increase stool bulk and
enhance intestinal transit time. While their direct impact on glycemia is less pronounced, they contribute to satiety,
reduce overall caloric intake, and support weight management, which indirectly improves insulin sensitivity. A
growing body of research has highlighted the role of fermentable fibers in altering gut microbiota composition.
Fermentation of fiber by colonic bacteria yields SCFAs such as acetate, propionate, and butyrate. These metabolites
have been shown to activate free fatty acid receptors (FFARs), enhance the release of glucagon-like peptide-1 (GLP-
1), and reduce pro-inflammatory cytokines. The collective outcome is improved insulin action and glucose tolerance.
Additionally, high-fiber diets may influence hepatic gluconeogenesis, modulate bile acid metabolism, and improve
lipid profiles, further reinforcing their systemic benefits in T2DM [157.
Evidence from Observational Studies
Several epidemiological and cross-sectional studies have demonstrated inverse associations between dietary fiber
intake and glycemic indices in pediatric populations. A study involving adolescents aged 12—-18 from a national health
and nutrition survey found that those in the highest quartile of fiber intake had significantly lower HbA1c and
fasting glucose levels compared to those in the lowest quartile [16, 177]. Similar findings have been reported in
European and Asian cohorts, where higher fiber intake correlated with improved insulin sensitivity and reduced
BMI. However, observational studies are inherently limited by confounding variables, including overall diet quality,
physical activity, and socioeconomic status. Fiber-rich diets often coexist with other health-promoting behaviors,
making it challenging to isolate fiber's independent effects. Despite these limitations, such studies provide a
compelling rationale for conducting controlled trials to assess causality.
Evidence from Interventional Trials
Randomized controlled trials evaluating the impact of high-fiber diets in adolescents with T2DM are limited but
growing. One notable trial compared a high-fiber diet (=30g/day) with standard diabetic dietary counseling over 6
months. Participants in the intervention group demonstrated a 1.2% reduction in HbA 1¢, improved fasting glucose
levels, and modest weight loss, independent of physical activity changes [18, 197.
Another study investigated the effects of soluble fiber supplementation using psyllium husk in adolescents with
impaired glucose tolerance. Results showed improved OGTT responses and enhanced GLP-1 secretion, suggesting
that isolated fiber components can elicit favorable metabolic responses.
Pediatric trials also highlight the importance of dietary adherence. Fiber interventions embedded within culturally
tailored dietary patterns, such as the Mediterranean or DASH diets, show higher compliance and satisfaction among
adolescents. This underscores the need to integrate fiber into familiar and palatable foods rather than relying solely
on supplements or restrictive regimens. Overall, interventional studies support the hypothesis that increased dietary
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fiber intake improves glycemic control, albeit with variability depending on fiber type, baseline diet, and intervention
duration.
Barriers to Implementation in Adolescents
Despite the biological plausibility and clinical promise of high-fiber diets, implementation in adolescent populations
is fraught with challenges [207]. Adolescents are particularly susceptible to peer influence, food marketing, and
convenience-based eating habits, all of which discourage fiber-rich food consumption. Additionally, there exists a
pervasive gap in nutritional literacy, compounded by low household food security in many low-resource settings.
High-fiber foods such as fresh fruits, whole grains, and legumes may be less accessible or more expensive than refined
alternatives, limiting sustained adherence. Cultural preferences also play a role. Fiber-rich foods that are not
traditionally consumed may be poorly accepted unless adapted into familiar culinary forms. Therefore, interventions
must be tailored to local contexts and include participatory design elements involving adolescents and their
caregivers. School-based programs, social media engagement, and peer-led initiatives have shown promise in
enhancing awareness and promoting behavior change. Integrating high-fiber meals into school feeding programs
and community kitchens can also improve access and normalize healthier food choices.
Public Health and Clinical Practice Implications
From a public health standpoint, promoting high-fiber diets in adolescents offers dual benefits glycemic control in
those with diabetes and prevention of diabetes in at-risk youth [217. Given that adolescence is a critical window for
establishing lifelong dietary habits, early intervention may yield long-term benefits in metabolic health and
healthcare cost reduction. In clinical practice, dietary counseling should emphasize achievable fiber targets and
identify culturally appropriate, affordable fiber sources. Nutrition education must be an integral component of
diabetes care, with routine assessments of dietary intake and behavior. Collaborative care models involving
dietitians, psychologists, and community health workers can enhance the delivery and sustainability of dietary
interventions. Policy measures that incentivize the production and distribution of fiber-rich foods, mandate clearer
food labeling, and regulate the marketing of ultra-processed foods may further support dietary change at the
population level.
Future Directions
Further research is needed to elucidate the long-term effects of high-fiber diets on glycemic durability and B-cell
preservation in adolescents with T2DM [227]. Multi-center trials with larger sample sizes, longer follow-up
durations, and stratified analyses by sex, pubertal status, and ethnicity will enhance the generalizability of findings.
The role of personalized nutrition, leveraging genomics and microbiome profiling, may offer new insights into
individual responses to dietary fiber. Such precision approaches could optimize intervention design and predict
responders and non-responders, thereby maximizing clinical efficacy. Moreover, hybrid interventions that combine
dietary changes with behavioral therapy, technology-enabled coaching, and pharmacologic agents may oftfer the most
effective framework for managing youth-onset T2DM.
CONCLUSION
The evidence reviewed affirms that a high-fiber diet offers significant potential in improving glycemic control among
adolescents with type 2 diabetes. Through mechanisms involving delayed glucose absorption, enhanced insulin
sensitivity, and modulation of gut-derived hormones, dietary fiber exerts multifaceted metabolic benefits.
Observational and interventional studies support the efficacy of fiber-rich diets in lowering HbA1c and fasting
glucose, with additional advantages in lipid regulation and weight management. Nonetheless, translating this
evidence into routine clinical practice requires overcoming substantial behavioral, economic, and cultural barriers.
Adolescents are a distinct demographic with unique psychosocial dynamics, necessitating age-appropriate, accessible,
and engaging nutritional strategies. A one-size-fits-all approach is unlikely to succeed. Integrating high-fiber diets
into adolescent diabetes care demands a collaborative, community-driven approach supported by public health policy,
education, and structural reforms in food systems. Given the rising burden of youth-onset T2DM, dietary fiber
should no longer be viewed as ancillary, but rather as a central component of comprehensive diabetes management.
Future research must continue to explore the long-term sustainability, cost-eftectiveness, and precision application
of this nutritional intervention to optimize outcomes for one of the most vulnerable and rapidly growing patient
populations in global health today.
REFERENCES

1. Uti, D, Oju Igile, G,, Nta Obeten, U,, Uti, D.E,, Igile, G.O,, Omang, W.A.,, Umoru, G.U., Udeozor, PA.,

Obeten, UN., Ogbonna, O.N,, Ibiam, U.A., Alum, E.U,, Ohunene, R., Joseph Chukwufumnanya, M., Oplekwu,

R.I.: Anti-Diabetic Potentials of Vernonioside E Saponin; A Biochemical Study. Nat. Vol. and Essential Oils,

8(4): 14284-14254. (2021)

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Page | 47



10.

11.

12.

13.

14.

15.

16.

17.

18.

Alum, E.U,, Uti, D,, Maduabuchi Aja, P, Alum, E.U,, Umoru, G.U, Uti, DE, Aja, P, Ugwu, O.P, Orji, O.U,,
Nwali, B.U,, Ezeani, N, Edwin, N., Orinya, F.O.: Hepato-Protective Effect of Ethanol Leaf Extract of Datura
stramonium in Alloxan-induced Diabetic Albino Rats. J. Chem. Soc. Nigeria. 47, 1165-1176 (2022).
https://doi.org/10.46602/jcsn.v47i5.819

Xie, J.,, Wang, M., Long, Z., Ning, H,, Li, J,, Cao, Y,, Liao, Y., Liu, G., Wang, I, Pan, A.: Global burden of type
2 diabetes in adolescents and young adults, 1990-2019: systematic analysis of the Global Burden of Disease
Study 2019. BMJ. 379, (2022). https://doi.org/10.1136/BMJ-2022-072385

Serbis, A., Giapros, V., Kotanidou, E.P.,, Galli-Tsinopoulou, A., Siomou, E., Fellow, A.: Diagnosis, treatment
and prevention of type 2 diabetes mellitus in children and adolescents. World J Diabetes. 12, 344 (2021).
https://doi.org/10.4239/WJID.V12.14.344

Paul-Chima, U.O, Erisa, K., Raphael, I., Emmanuel I., O, Alum, E.U, Michael B, O., Subbarayan, S.,
Sankarapandiyan, V.: Exploring Indigenous Medicinal Plants for Managing Diabetes Mellitus in Uganda:
Ethnobotanical Insights, Pharmacotherapeutic Strategies, and National Development Alignment. INOSR
Experimental Sciences. 12, 214—224 (2023). https://doi.org/10.59298/INOSRES/2023/2.17.1000

Villani, V,, Perin, L.: Diet as a therapeutic approach to diabetes management and pancreas regeneration.
Transplantation, Bioengineering, and Regeneration of the Endocrine Pancreas: Volume 2. 215-227 (2020).
https://doi.org/10.1016/B978-0-12-814:831-0.00015-4

Mercurio, G., Giacco, A., Scopigno, N., Vigliotti, M., Goglia, I, Cioffi, I, Silvestri, E.: Mitochondria at the
Crossroads: Linking the Mediterranean Diet to Metabolic Health and Non-Pharmacological Approaches to
NAFLD. Nutrients 2025, Vol. 17, Page 1214. 17, 1214 (2025). https://doi.org/10.8890/NU17071214
Alum, E.U,, Okechukwu, U, Obeagu, E.I., Aja, PM.: Nutritional Care in Diabetes Mellitus: A Comprehensive
Guide. International Journal of Innovative and Applied Research. 11(12):16-25.
https://doi.org/10.58538/1JIAR/2057

Hargreaves, D., Mates, E., Menon, P, Alderman, H., Devakumar, D., Fawzi, W,, Greenfield, G., Hammoudeh,
W, He, S., Lahiri, A., Liu, Z., Nguyen, PH., Sethi, V., Wang, H., Neufeld, L.M., Patton, G.C.: Strategies and
interventions for healthy adolescent growth, nutrition, and development. The Lancet. 399, 198—210 (2022).
https://doi.org/10.1016/S0140-6736(21)01598-2/ AT TACHMENT/5EFE6AD4-01 EC-45BF-8A 54~
C964368E6482/MMC1.PDF

Uti, D. E,, Atangwho, . J,, Omang, W. A., Alum, E. U,, Obeten, U. N,, Udeozor, PA., Agada, S. A., Bawa, I,
Ogbu, C. O. Cytokines as key players in obesity low grade inflammation and related complications. Obesity
Medicine, Volume 54, 2025,100585. https://doi.org/10.1016/j.obmed.2025.100585.

Alum, E.U. Metabolic memory in obesity: Can early-life interventions reverse lifelong risks? Obesity
Medicine. 2025; 55,100610. https://doi.org/10.1016/).o0bmed.2025.100610

Williams, B.A., Grant, LJ., Gidley, M.J,, Mikkelsen, D.: Gut Fermentation of Dietary Fibres: Physico-
Chemistry of Plant Cell Walls and Implications for Health. International Journal of Molecular Sciences
2017, Vol. 18, Page 2203. 18, 2203 (2017). https://doi.org/10.3390/1JMS18102203

Tian, M., Pak, S.J,, Ma, C.,, Ma, L., Rengasamy, K.R.R., Xiao, J., Hu, X, Li, D., Chen, I".: Chemical features and
biological functions of water-insoluble dietary fiber in plant-based foods. Crit Rev Food Sci Nutr. 64, 928—
942 (2024). https://doi.org/10.1080/10408398.2022.2110565

McRorie, JW,, McKeown, N.M.: Understanding the Physics of Functional Fibers in the Gastrointestinal
Tract: An Evidence-Based Approach to Resolving Enduring Misconceptions about Insoluble and Soluble
Fiber. J Acad Nutr Diet. 117, 251-264 (2017). https://doi.org/10.1016/J.JAND.2016.09.021

Cariello, M., Gadaleta, R. M., De Matteis, C., Hamamah, S., Iatcu, O.C., Covasa, M.: Dietary Influences on
Gut Microbiota and Their Role in Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD).
Nutrients 2025, Vol. 17, Page 143. 17, 148 (2024). https://doi.org/10.3390/NU1701014:3

Brauchla, M., Juan, W, Story, J., Kranz, S.: Sources of Dietary Fiber and the Association of Iiber Intake
with Childhood Obesity Risk (in 2—-18 Year Olds) and Diabetes Risk of Adolescents 12—18 Year Olds:
NHANES 2003-2006. J Nutr Metab. 2012, 736258 (2012). https://doi.org/10.1155/2012/736258

Zhang, Z., Jackson, S.L., Steele, EIM., Gillespie, C., Yang, Q.. Relationship Between Ultraprocessed Food
Intake and Cardiovascular Health Among U.S. Adolescents: Results From the National Health and Nutrition
Examination  Survey 2007—2018. Journal of Adolescent Health. 70, 249-257 (2022).
https://doi.org/10.1016/JJADOHEALTH.2021.09.031

Franz, M.J,, Boucher, J.L.., Rutten-Ramos, S., VanWormer, J.J.: Lifestyle Weight-Loss Intervention Outcomes
in Overweight and Obese Adults with Type 2 Diabetes: A Systematic Review and Meta-Analysis of

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Page | 48


https://doi.org/10.1016/S0140-6736(21)01593-2/ATTACHMENT/5EFE6AD4-01EC-45BF-8A54-C964368E6482/MMC1.PDF
https://doi.org/10.1016/S0140-6736(21)01593-2/ATTACHMENT/5EFE6AD4-01EC-45BF-8A54-C964368E6482/MMC1.PDF
https://doi.org/10.1016/j.obmed.2025.100610

Randomized Clinical Trials. J Acad Nutr Diet. 115, 1447—1463 (2015).
https://doi.org/10.1016/JJAND.2015.02.031

19. Mora-Rodriguez, R., Ortega, J.F., Ramirez-Jimenez, M., Moreno-Cabafias, A., Morales-Palomo, F.: Insulin
sensitivity improvement with exercise training is mediated by body weight loss in subjects with metabolic
syndrome. Diabetes Metab. 46, 210-218 (2020). https://doi.org/10.1016/J.DIABET.2019.05.004

20. Zhao, Y.: The impact of high-fiber diet on diabetes and obesity in middle-aged adults. Biological Sciences
and Environmental Health. 75-80 (2024). https://doi.org/10.1201/9781003587590-11

21. Sundheim, B., Hirani, K., Blaschke, M., Lemos, JR.N., Mittal, R.: Pre-Type 1 Diabetes in Adolescents and
Teens: Screening, Nutritional Interventions, Beta-Cell Preservation, and Psychosocial Impacts. Journal of
Clinical Medicine 2025, Vol. 14, Page 383. 14, 883 (2025). https://doi.org/10.3390/JCM 14020383

29. Basuray, N., Deehan, E.C,, Vieira, F.'T,, Avedzi, HM., Duke, R.L., Colin-Ramirez, E., Tun, HM., Zhang, Z.,
Wine, E., Madsen, K.L., Field, C.J.,, Haqq, A.M.: Dichotomous effect of dietary fiber in pediatrics: a narrative
review of the health benefits and tolerance of fiber. European Journal of Clinical Nutrition 2024 78:7. 78,
557—568 (2024). https://doi.org/10.1088/541430-024-01429-5

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Page | 49


https://doi.org/10.59298/ROJPHM/2025/534549

