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Abstract

Gestational diabetes mellitus (GDM) is one of the most common metabolic complications of pregnancy, characterized by
glucose intolerance with onset or first recognition during gestation. The increasing prevalence of GDM parallels rising rates of
obesity, sedentary lifestyles, and poor dietary patterns, posing significant risks to both maternal and fetal health. Conventional
management strategies include dietary modification, physical activity, glucose monitoring, and pharmacotherapy when
necessary. In recent years, growing attention has been directed toward functional foods and bioactive compounds as adjunct
nutritional interventions for GDM management. Functional foods rich in dietary fibre, probiotics, polyphenols, omega-3 fatty
acids, and low-glycemic carbohydrates have demonstrated beneficial effects on glycemic control, insulin sensitivity, lipid
metabolism, inflammation, and oxidative stress. Bioactive compounds such as flavonoids, phenolic acids, carotenoids, and
short-chain fatty acids exert mechanistic effects through modulation of gut microbiota, enhancement of insulin signaling,
reduction of oxidative damage, and regulation of inflammatory pathways. Evidence from observational studies, randomized
controlled trials, and meta-analyses suggests that targeted inclusion of functional foods—such as whole grains, legumes,
fermented foods, fruits, vegetables, and nuts—can improve fasting and postprandial glucose levels while reducing adverse
pregnancy outcomes. This review summarizes current evidence on the role of functional foods and bioactive compounds in the
nutritional management of GDM and highlights their potential as safe, cost-effective, and sustainable strategies to support
maternal metabolic health.
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Introduction prebiotics, and other phytochemicals (Pheiffer, 2024;
Gestational diabetes mellitus (GDM) affects approximately Wiyono et al., 2024) BL 41 Dietary fibres improve
10-20% of pregnancies worldwide and is associated with postprandial glycemic response by slowing carbohydrate
increased risks of preeclampsia, cesarean delivery, digestion and absorption, while also enhancing satiety and
macrosomia, neonatal  hypoglycemia, and future insulin sensitivity (Sun & Wang, 2022; Shen et al., 2024) B
development of type 2 diabetes in both mother and child 401, Polyphenols and other antioxidant compounds reduce
(International Diabetes Federation, 2024; Sweeting et al., oxidative stress and inflammation, which are central to the
2024; Wang et al., 2022) [15 4. 41 Nutritional therapy development of insulin resistance during pregnancy (Zhao et
remains the cornerstone of GDM management, aiming to al., 2023; Gao et al., 2021) O 52 Omega-3 fatty acids
maintain normoglycemia without compromising fetal contribute to improved lipid metabolism and exert anti-
growth (American Diabetes Association, 2026; Cheong et inflammatory effects that support metabolic health (Liu et
al., 2025; Tsirou et al., 2019) > & 41, Beyond macronutrient al., 2023; Jiang et al., 2022) [& 22 238 Additionally,
distribution, increasing emphasis is being placed on diet probiotics and prebiotics modulate gut microbiota
quality and the inclusion of functional foods containing composition, enhancing intestinal barrier function and
biologically active components that provide health benefits reducing metabolic endotoxemia, thereby improving
beyond basic nutrition (Dolatkhah et al., 2019; Assaf-Balut glucose regulation (Kaminska et al., 2022; Suastika et al.,
etal., 2018) (3101, 2024) [8 38 Through these synergistic mechanisms,

functional foods and their bioactive components play a
Functional Foods and Bioactive Compounds pivotal role in the nutritional management of GDM and
Functional foods are foods that provide health benefits support maternal and fetal health outcomes (Garai et al.,

beyond basic nutrition by delivering biologically active 2023; Lin, 2021; Pheiffer, 2024) 11 20311,
constituents capable of modulating physiological processes ) ) )
and reducing disease risk (Martirosyan & Singh, 2022; Dietary Fibre and Low-Glycemic Foods

Healthline, 2020) [3 24 |n the context of gestational Dietary fibre plays a central role in the nutritional
diabetes mellitus (GDM), functional foods serve as an management of gestational diabetes mellitus (GDM) due to
important nutritional tool due to their ability to influence its beneficial effects on glucose metabolism and insulin
metabolic pathways involved in glucose homeostasis and sensitivity (Jones et al., 2025; Shen et al., 2024; Sun &
insulin sensitivity (Lin, 2021; Santangelo et al., 2016) [2.34], Wang, 2022) [17. 3 401 High-fibre foods such as whole
Key bioactive compounds found in functional foods include grains, legumes, vegetables, and fruits delay gastric
dietary fibres, polyphenols, omega-3 fatty acids, probiotics, emptying and slow the digestion and absorption of
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carbohydrates, leading to a gradual rise in postprandial
blood glucose levels (Pheiffer, 2024; Zhang et al., 2006) B
51, Soluble fibres, in particular, form viscous gels in the
gastrointestinal tract that reduce glucose diffusion and
improve peripheral insulin sensitivity, thereby contributing
to better glycemic regulation (Shen et al., 2024; Sun &
Wang, 2022) 5 %1 n addition, fibre-rich diets enhance
satiety and help prevent excessive gestational weight gain,
an important risk factor for poor glycemic control in
pregnancy (Basu et al., 2021; Zhang et al., 2022) [ 51,
Low-glycemic index (GI) foods, which elicit a smaller and
slower increase in blood glucose levels, have been
consistently associated with improved fasting and
postprandial glucose concentrations in women with GDM
(Liu et al., 2023; Wei et al., 2016) [?2 2 481 Clinical
evidence indicates that adherence to low-Gl dietary patterns
can reduce the need for insulin therapy and improve
pregnancy outcomes without compromising fetal growth,
highlighting dietary fibre and low-glycemic foods as
cornerstone components of medical nutrition therapy for
GDM (Di et al., 2025; Yamamoto et al., 2018) [ 49,

Probiotics and Gut Microbiota Modulation

Alterations in gut microbiota during pregnancy have been
linked to insulin resistance and inflammation (Pinto et al.,
2023; Amabebe et al., 2021; Su et al.,, 2021) [ 32 371,
Probiotic-rich functional foods such as yogurt, kefir, and
fermented beverages improve gut microbial balance,
enhance intestinal barrier integrity, and reduce systemic
inflammation (Kaminska et al., 2022; Wan et al., 2022;
Pandiyan et al., 2025) [18 28,29, 441 Clinical trials suggest that
probiotic supplementation may lower fasting blood glucose
and improve insulin sensitivity in women with GDM
(Zhuang et al., 2024; Sun et al., 2024; Ozdemir, 2022) 2739
40, 53]

Dietary fibre plays a central role in the nutritional
management of gestational diabetes mellitus (GDM) due to
its beneficial effects on glucose metabolism and insulin
sensitivity (Jones et al., 2025; Shen et al., 2024) 17 31,
High-fibre foods such as whole grains, legumes, vegetables,
and fruits delay gastric emptying and slow the digestion and
absorption of carbohydrates, leading to a gradual rise in
postprandial blood glucose levels (Pheiffer, 2024; Sun &
Wang, 2022) BL 40 Soluble fibres, in particular, form
viscous gels in the gastrointestinal tract that reduce glucose
diffusion and improve peripheral insulin sensitivity, thereby
contributing to better glycemic regulation (Shen et al.,
2024) B9, In addition, fibre-rich diets enhance satiety and
help prevent excessive gestational weight gain, an important
risk factor for poor glycemic control in pregnancy (Basu et
al., 2021) ¥, Low-glycemic index (GI) foods, which elicit a
smaller and slower increase in blood glucose levels, have
been consistently associated with improved fasting and
postprandial glucose concentrations in women with GDM
(Liu et al., 2023; Wei et al., 2016) [? 2. 41 Clinical
evidence indicates that adherence to low-Gl dietary patterns
can reduce the need for insulin therapy and improve
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pregnhancy outcomes without compromising fetal growth,
highlighting dietary fibre and low-glycemic foods as
cornerstone components of medical nutrition therapy for
GDM (Di et al., 2025; Yamamoto et al., 2018) [® 4],
Research indicates that integrating probiotic foods with
high-fibre diets can synergistically improve metabolic
health during pregnancy (Mu et al., 2023; Deng et al., 2022;
Beldie et al., 2024) [5:8 281, The combination of these dietary
strategies supports gut health, reduces systemic
inflammation, and enhances insulin sensitivity, which are
critical factors in managing GDM effectively (Wan et al.,
2022; Pheiffer, 2024) 1. 441, Healthcare professionals should
consider personalized nutritional plans that incorporate both
probiotics and high-fibre foods to optimize maternal and
fetal health outcomes in pregnancies complicated by GDM
(Cosmai et al., 2025; Kaminska et al., 2022) [7 18],

Research underscores the importance of integrating dietary
strategies into comprehensive GDM management plans
(American Diabetes Association, 2026; World Health
Organization, 2025; Cheong et al., 2025) [ 6 4
Emphasizing the consumption of high-fibre, low-GI foods
can significantly influence maternal glucose levels and
overall pregnancy health (Jones et al., 2025; Di et al., 2025;
Moses et al., 2009) [* 7. 251 Healthcare providers should
tailor nutritional advice to individual needs, considering
cultural preferences and dietary habits, to optimize
adherence and outcomes (Stennett et al., 2023; Liu et al.,
2025; Saenz, 2025) 2L 33 361 Fyrthermore, ongoing studies
continue to explore the gut microbiota's role in metabolic
regulation during pregnancy, which may lead to novel
therapeutic approaches in the future (Pheiffer, 2024; Crusell
etal., 2024; Ye et al., 2024) B,

Polyphenols and Antioxidant Compounds

Polyphenols found in fruits, vegetables, tea, cocoa, and
whole grains exhibit strong antioxidant and anti-
inflammatory properties. These compounds modulate
glucose transporters, enhance insulin signaling, and reduce
oxidative stress—a major contributor to insulin resistance in
pregnancy. Flavonoids and phenolic acids have shown
promising results in improving glycemic and lipid profiles.
6. Omega-3 Fatty Acids and Lipid Metabolism

Omega-3 fatty acids from fish, flaxseed, and walnuts
improve insulin sensitivity and reduce inflammatory
markers. Supplementation during pregnancy has been
associated with improved lipid profiles and reduced insulin
resistance, making them valuable functional components in
GDM dietary management.

Clinical Implications and Future Perspectives
Incorporating functional foods into dietary therapy for GDM
offers a non-pharmacological, culturally adaptable, and
sustainable approach. However, variability in individual
responses, dosage standardization, and long-term safety
require further large-scale randomized trials. Personalized
nutrition approaches integrating functional foods may
represent the future of GDM management.

Table 1: Summary of Previous Studies on Functional Foods and Bioactive Compounds in Gestational Diabetes Mellitus

Functional Food /

Bioactive Compound Author(s) & Year

Study Design

Participants Key Outcomes

Probiotics (Lactobacillus
spp., Bifidobacterium

spp.)

Kijmanawat et al.

(2018) trial

Randomized controlled

Women with
GDM

Reduced fasting glucose, improved insulin
sensitivity
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Dietary fibre (whole
grains, legumes)

Zhang et al. (2006)
1501

Observational study

Pregnant women
at risk for GDM

Higher dietary fiber intake associated with lower
postprandial glucose and reduced risk of GDM
(implying reduced insulin requirement in affected

women)

Omega-3 fatty acids

Liu et al. (2023) 22
23]

Meta-analysis of RCTs

GDM patients

Improved insulin resistance and lipid profile

L . . . Pregnant women Improved glycemic control and reduced
- [46] -
Low-glycemic index diet|Wei et al. (2016) Meta-analysis With GDM macrosomia risk
Polvohenol-rich foods Santangelo et al. Svstematic review | Preanant women Reduced oxidative stress and improved glucose
yP (2016) B34 Y 9 metabolism
Probiotic voaurt Tabatabaeizadeh |Meta-analysis of clinicalf Women with Reduced inflammatory markers and fasting
yog (2023) 42 trials GDM glucose
. Review (drawing from . .
Fermented foods Pandiyan & Marco cohort and intervention | Pregnant women Improved glucose tolerance and gut microbiota

[28, 29]
(2025) studies)

diversity

Functional foods (whole

Hernandez et al. Review of dietary

GDM subjects

Better glycemic control and maternal outcomes

grains, nuts) (2018) 14 intervention studies
Conclusion
Functional foods and bioactive compounds play a

significant role in the nutritional management of gestational
diabetes mellitus by improving glycemic control, insulin
sensitivity, lipid metabolism, and inflammatory status. Their
integration into standard dietary therapy offers a safe,
effective, and holistic approach to managing GDM and
reducing long-term metabolic risks. Continued research
focusing on personalized nutrition, optimal intake levels,
and long-term maternal—offspring outcomes is essential to
fully harness their therapeutic potential.
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