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Abstract 

Gestational diabetes mellitus (GDM), one of the most common metabolic complications of gestation, 
affects approximately 10–15% of pregnancies and represents a significant challenge for obstetrics and 
diabetologists in the attempt of reducing adverse maternal and fetal outcomes. Medical nutrition 
therapy remains the cornerstone of GDM management, alongside lifestyle modification and 
pharmacological treatment in presence of unachieved glycemic targets. However, current dietary 
recommendations primarily emphasize nutrient composition and caloric intake, often without fully 
considering the temporal aspects of food intake. Chrono-nutrition is an emerging field that 
investigates the interaction between meal timing, circadian rhythms, and metabolic regulation. 
Increasing evidence indicates that glucose metabolism and insulin sensitivity exhibit marked diurnal 
variations, which may be further amplified in women with GDM, resulting in time-dependent 
differences in postprandial glycemic responses. The narrative review summarizes current evidence 
on the role of chrono-nutrition in GDM by integrating mechanistic insights with findings from 
observational and interventional human studies. Although the available literature is limited by 
heterogeneity and a paucity of well-designed randomized controlled trials, the convergence of 
biological plausibility and emerging clinical data supports chrono-nutrition as a low-risk refinement 
of standard medical nutrition therapy. Incorporating temporal aspects of eating into dietary 
counseling may enhance glycemic management and contribute to more physiologically aligned and 
personalized nutritional strategies for pregnancies complicated by GDM.  

Keywords: gestational diabetes mellitus; chrono nutrition; meal timing; circadian rhythm; glycemic 
control; pregnancy nutrition 
 

Introduction 

Gestational diabetes mellitus (GDM) affects a substantial proportion of pregnancies worldwide 
and represents a major contributor to maternal and neonatal morbidity, being associated with 
increased risks of hypertensive disorders of pregnancy, cesarean delivery, abnormal fetal growth, 
and neonatal metabolic complications [1-6]. This condition is of increasing interest to healthcare 
systems because of its association with adverse health outcomes in adulthood, particularly an 
elevated risk of cardiometabolic diseases [7,8]. Beyond pregnancy, women with a history of GDM 
exhibit a significantly increased lifetime risk of developing type 2 diabetes mellitus and 
cardiovascular disease, while their offspring are predisposed to obesity and metabolic dysfunction 
later in life, highlighting the intergenerational impact of dysglycemia during gestation [7-10]. 
Achieving optimal glycemic control during pregnancy therefore represents a primary therapeutic 
objective to reduce both short- and long-term adverse outcomes.  

Medical nutrition therapy (MNT) is universally recommended as the first-line treatment for 
GDM and constitutes the foundation of clinical management across international guidelines [1,11-
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13]. Conventional dietary counseling primarily focuses on carbohydrate quality, macronutrient 
balance, glycemic index, and caloric adequacy to support fetal growth, while limiting maternal 
hyperglycemia [11-13]. However, despite appropriate nutritional counseling and adherence, a 
substantial proportion of women with GDM require pharmacological therapy, suggesting that key 
determinants of glycemic regulation may not be fully addressed by current nutrition-based 
approaches alone [11-13].  

Chrono nutrition integrates principles of circadian biology into nutritional science by examining 
how the timing and daily distribution of food intake interact with endogenous circadian rhythms to 
influence metabolic regulation [14]. In non-pregnant populations, chrono nutrition-related 
behaviors—such as late eating, irregular meal timing, and circadian misalignment—have been 
associated with impaired glucose tolerance, insulin resistance, and increased cardiometabolic risk 
[14,15]. This framework may be particularly relevant in pregnancy, a physiological state 
characterized by profound endocrine, metabolic, and circadian adaptations, including progressive 
insulin resistance and altered diurnal paĴerns of glucose metabolism, which may amplify the 
metabolic consequences of mistimed nutrient intake [15,16]. 

Circadian Regulation of Glucose Metabolism in Pregnancy  

Circadian rhythms are endogenous ~24-hour cycles that regulate metabolic, hormonal, and 
behavioral processes and are coordinated by a central pacemaker located in the suprachiasmatic 
nucleus (SCN) of the hypothalamus, which synchronizes peripheral clocks expressed in key 
metabolic tissues, including the liver, pancreas, adipose tissue, gastrointestinal tract, and placenta 
[17–21]. While the central clock is mainly entrained by the light–dark cycle, peripheral metabolic 
clocks are strongly modulated by behavioral cues, with feeding timing acting as one of the most 
potent zeitgebers, as depicted in Figure 1 [22,23]. 

 

Figure 1. Circadian regulation of metabolic homeostasis. The suprachiasmatic nucleus synchronizes peripheral 
metabolic clocks, while feeding timing acts as a major behavioral zeitgeber. Circadian control of genes regulating 
insulin secretion and glucose metabolism generates diurnal variation in insulin sensitivity; circadian 
misalignment impairs glucose tolerance and promotes insulin resistance. 

At the molecular level, circadian clocks regulate the rhythmic expression of genes involved in 
insulin secretion, insulin signaling, hepatic gluconeogenesis, glucose transport, and lipid metabolism 
[22,24]. Consequently, glucose tolerance and insulin sensitivity exhibit pronounced diurnal variation, 
even in healthy individuals, with reduced insulin sensitivity typically observed during the biological 
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night [23,25]. Circadian misalignment—such as that induced by irregular meal timing, late eating, or 
misalignment between feeding schedules and endogenous rhythms—has been shown to impair 
glucose metabolism and promote insulin resistance [26,27]. 

Pregnancy represents a unique physiological state characterized by profound endocrine and 
metabolic adaptations aimed at supporting fetal growth. Progressive insulin resistance develops 
across gestation, largely mediated by placental hormones such as human placental lactogen, 
progesterone, cortisol, and growth hormone [28,29]. These pregnancy-related changes interact with 
circadian regulation of metabolism, potentially amplifying vulnerability to circadian misalignment 
and time-dependent metabolic stress [21,30]. 

In women with GDM, circadian regulation of glucose metabolism appears further altered. 
Clinical evidence indicates that diurnal variation in insulin sensitivity and glucose tolerance is 
accentuated in GDM, resulting in marked time-of-day–dependent differences in postprandial 
glycemic responses [31]. Late or irregular eating paĴerns may exacerbate this dysregulation by 
desynchronizing peripheral metabolic clocks, leading to impaired insulin action, increased hepatic 
glucose output, and greater glycemic variability [22,23,26], as depicted in Figure 2. 

 

Figure 2. Circadian–metabolic vulnerability in pregnancy and gestational diabetes. Pregnancy-induced insulin 
resistance interacts with circadian regulation of metabolism. In gestational diabetes, altered circadian control 
and late or irregular eating desynchronize metabolic clocks, exacerbating insulin resistance, hepatic glucose 
output, and glycemic variability. 

In line with this physiological framework, a growing body of human evidence, including 
systematic review data, suggests that delayed meal timing, increased evening carbohydrate 
consumption, and reduced overnight fasting are associated with less favorable glycemic control in 
women with GDM [32]. Furthermore, chrono-nutrition–based interventions targeting meal timing 
and daily carbohydrate distribution have been shown to improve maternal glycemic profiles, 
supporting the clinical relevance of circadian regulation as a modifiable determinant of glucose 
metabolism during pregnancy [33]. 

Together, these observations support the concept that circadian regulation constitutes a critical, 
yet underrecognized, component of glucose homeostasis during pregnancy and that disruption of 
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temporal metabolic organization may contribute to the pathophysiology and clinical expression of 
GDM. 

Chrono Nutrition and Glycemic Control in GDM 

Chrono-nutrition provides a conceptual and practical framework for understanding how the 
timing and daily distribution of food intake interact with circadian regulation to influence glycemic 
control (Figure 3). 

 

Figure 3. Chrono nutrition framework for glycemic regulation and maternal–fetal risk in gestational diabetes. 
Optimizing meal timing and daily carbohydrate distribution improves maternal glycemic control and insulin 
sensitivity, reducing excessive fetal growth and adverse neonatal outcomes, highlighting chrono nutrition as a 
modifiable determinant of metabolic risk in GDM. 

In GDM, this interaction is particularly relevant due to the coexistence of pregnancy-induced 
insulin resistance and accentuated diurnal variation in glucose metabolism [23,34]. 

From a mechanistic perspective, the metabolic response to nutrient intake is strongly time 
dependent. Insulin sensitivity, pancreatic β-cell responsiveness, incretin secretion, and hepatic 
glucose production are regulated in a circadian manner, resulting in differential glycemic responses 
to identical meals consumed at different times of the day [22,23,25,31]. During pregnancy, these 
physiological rhythms are generally preserved, but may be amplified, particularly in women with 
GDM, leading to exaggerated postprandial hyperglycemia during periods of reduced insulin 
sensitivity, especially in the late afternoon and evening [25,31,32]. 

Clinical evidence increasingly supports the relevance of chrono-nutrition for glycemic 
management in GDM. Observational studies and systematic reviews have shown that delayed 
breakfast timing and later initiation of daily food intake are associated with poorer glycemic control 
during pregnancy, independent of total energy intake and macronutrient composition [32,33]. 
Delayed morning feeding may prolong the overnight fasting state, exacerbate hepatic glucose output, 
and delay synchronization of peripheral metabolic clocks, thereby impairing postprandial glucose 
handling at the first meal of the day [22, 32,34]. 

In addition to breakfast timing, evening carbohydrate intake has emerged as a critical 
determinant of glycemic control in GDM. Higher carbohydrate consumption during the evening, 
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when insulin sensitivity is physiologically reduced, has been associated with increased postprandial 
glucose excursions and greater glycemic variability [32,35]. Mechanistically, late-day carbohydrate 
loading coincides with diminished insulin-mediated glucose disposal and altered circadian 
regulation of hepatic glucose production, promoting prolonged hyperglycemia and potentially 
increasing fetal glucose exposure [25,27]. 

Interventional evidence further supports a causal role of meal timing in glycemic regulation. A 
randomized controlled trial combining chrono-nutrition–based dietary counseling with sleep 
hygiene interventions demonstrated a significant reduction in the risk of suboptimal glycemic control 
in women with GDM, with reduced evening carbohydrate intake identified as the primary mediator 
of this effect [33]. Importantly, these improvements were achieved without substantial changes in 
total energy intake, underscoring the importance of temporal nutrient distribution rather than caloric 
restriction per se. 

Beyond postprandial glycemia, chrono-nutrition may also influence fasting glucose levels, 
which represent a common therapeutic challenge in GDM. Late-night eating or inappropriate 
nocturnal meal timing may disrupt the balance between hepatic glucose production and insulin-
mediated suppression, contributing to elevated fasting glucose concentrations [30]. Conversely, 
appropriately timed evening meals or snacks with a low glycemic load may help stabilize overnight 
glucose metabolism, although evidence specific to GDM remains limited and warrants further 
investigation. 

Importantly, chrono-nutrition should be considered an extension of standard medical nutrition 
therapy rather than a standalone intervention. By aligning nutrient intake with periods of greater 
metabolic efficiency, chrono-nutrition–based strategies may reduce glycemic excursions, decrease 
glycemic variability, and potentially limit the need for pharmacological escalation in selected patients 
with GDM [25,33]. 

Taken together, available evidence indicates that meal timing and daily carbohydrate 
distribution represent modifiable and clinically meaningful determinants of glycemic control in 
GDM. While further well-designed randomized controlled trials are required to define optimal 
chrono-nutrition protocols, current data support the integration of temporal dietary guidance into 
nutritional counseling for women with GDM. 

Meal Timing, Glycemic Variability, and Fetal Implications 

Beyond mean glucose levels, increasing evidence indicates that glycemic variability and 
postprandial glucose excursions represent critical determinants of fetal exposure to maternal 
hyperglycemia and may independently contribute to adverse neonatal outcomes. Data derived from 
continuous glucose monitoring (CGM) studies demonstrate that larger postprandial glucose 
excursions and greater glycemic variability are associated with increased risks of excessive fetal 
growth and adverse perinatal outcomes, even when mean glycemic indices fall within recommended 
targets [36-38]. In GDM, exaggerated postprandial glycemic peaks are common and may occur 
despite apparently acceptable average glucose values, underscoring the clinical relevance of 
dynamic, time-dependent glucose fluctuations beyond static measures of glycemia [37,39]. 

From a physiological standpoint, maternal glucose freely crosses the placenta via facilitated 
diffusion, whereas insulin does not. Consequently, transient elevations in maternal glucose 
concentrations directly translate into increased fetal glucose exposure, stimulating fetal pancreatic β-
cell hyperplasia and hyperinsulinemia. This mechanism—classically described as fuel-mediated 
teratogenesis—is central to the pathogenesis of excessive fetal growth, altered body composition, and 
long-term metabolic programming in pregnancies complicated by diabetes [40,41]. Importantly, fetal 
hyperinsulinemia appears to be driven not only by sustained maternal hyperglycemia, but also by 
recurrent postprandial glucose excursions, which may exert a disproportionate biological effect on 
the developing fetus [36,42]. 

Temporal clustering of carbohydrate intake during periods of reduced maternal insulin 
sensitivity—such as the late evening or biological night—may further exacerbate postprandial 
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hyperglycemia and prolong fetal exposure to elevated glucose concentrations. Circadian variation in 
maternal insulin action and hepatic glucose production may amplify these effects, resulting in 
disproportionate glycemic excursions relative to total carbohydrate intake [19,24]. This interaction 
provides a mechanistic rationale for the potential role of chrono-nutrition in modulating fetal growth 
trajectories through its effects on postprandial glucose dynamics. 

Although direct interventional evidence linking chrono-nutrition strategies to neonatal 
outcomes in GDM remains limited, available physiological and CGM-based data support the 
hypothesis that reducing glycemic variability and postprandial excursions—through optimized meal 
timing and carbohydrate distribution—could aĴenuate fetal hyperinsulinemia and excessive fetal 
growth. From this perspective, chrono-nutrition–based approaches may represent a valuable 
complement to traditional glycemic targets, shifting the focus from mean glucose values alone toward 
the temporal paĴern of maternal glycemia. 

Fetal Programming and Intergenerational Implications 

Beyond immediate glycemic control, the potential implications of chrono nutrition for fetal 
programming warrant careful consideration. Maternal glucose availability is a critical determinant 
of the intrauterine metabolic environment, and emerging evidence indicates that not only chronic 
hyperglycemia but also recurrent postprandial glucose excursions may influence fetal insulin 
secretion, adiposity, and long-term metabolic trajectories [32,33]. In this context, glycemic 
variability—strongly modulated by meal timing and the diurnal distribution of carbohydrate 
intake—may represent an underrecognized contributor to fetal metabolic programming [34].  

Chrono nutrition-based strategies aimed at aĴenuating late-day hyperglycemia and aligning 
nutrient intake with periods of greater maternal insulin sensitivity may theoretically reduce fetal 
exposure to excessive glucose and insulin [43]. Such temporal modulation of maternal metabolism 
could influence placental nutrient transport and fetal endocrine signaling, with potential 
downstream effects on birth weight, body composition, and long-term cardiometabolic risk [20,21]. 
Although direct evidence linking chrono nutrition interventions during pregnancy to long-term 
offspring outcomes remains limited, this hypothesis is biologically plausible and consistent with 
established models of the developmental origins of health and disease [10]. 

From an intergenerational perspective, improving maternal glycemic paĴerns through 
physiologically aligned nutritional strategies may confer benefits that extend beyond pregnancy. 
Given the well-established association between gestational diabetes mellitus and future metabolic 
disease in both mothers and their offspring, chrono nutrition represents a low-risk and potentially 
scalable approach to modulate metabolic risk trajectories across generations [7,8]. Future longitudinal 
and interventional studies are required to determine whether optimization of meal timing during 
pregnancy can translate into sustained improvements in offspring metabolic health [30]. 

Limitations and Future Directions 

The interpretation of available evidence on chrono nutrition in GDM is subject to several 
limitations. First, the current literature is characterized by heterogeneous study designs, including 
observational analyses, small interventional trials, and narrative reviews, which limits direct 
comparability across studies and precludes quantitative synthesis. Second, chrono nutrition-related 
exposures—such as meal timing, eating frequency, and daily carbohydrate distribution—are defined 
and measured inconsistently, often relying on self-reported dietary data that may be prone to recall 
bias. Interventional studies specifically designed to evaluate chrono nutrition in GDM remain limited 
in number and sample size, and most have focused primarily on short-term maternal glycemic 
outcomes. In addition, neonatal and fetal outcomes are inconsistently assessed, and long-term 
offspring metabolic consequences have not been systematically evaluated. As a result, causal 
inferences regarding the impact of meal timing on fetal growth and intergenerational metabolic risk 
remain speculative. 
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Future research should prioritize adequately powered randomized controlled trials that 
integrate chrono nutrition-based interventions into standard medical nutrition therapy. The use of 
continuous glucose monitoring may provide valuable insight into glycemic variability, postprandial 
excursions, and time-dependent glucose paĴerns that are not captured by conventional glycemic 
indices. Furthermore, longitudinal studies with extended follow-up are needed to determine whether 
optimizing meal timing during pregnancy can influence neonatal outcomes, offspring metabolic 
health, and long-term cardiometabolic risk in mothers. 

Addressing these gaps will be essential to define evidence-based chrono nutrition 
recommendations and to clarify the role of temporal dietary strategies as part of personalized 
nutritional care in GDM. 

Clinical Implications  

Chrono nutrition-based strategies may represent practical and low-burden refinements to 
standard dietary counseling in GDM. Approaches such as earlier breakfast consumption, 
redistribution of carbohydrate intake toward earlier daytime hours, and avoidance of late-night 
eating can be incorporated into routine nutritional care without substantial changes in total energy 
intake or macronutrient composition. 

By aligning nutrient intake with periods of greater insulin sensitivity, these strategies may help 
reduce postprandial glycemic excursions and glycemic variability, thereby supporting glycemic 
targets that are clinically relevant in GDM management. Importantly, chrono nutrition principles can 
be integrated into existing medical nutrition therapy frameworks and tailored to individual lifestyles, 
cultural eating paĴerns, and sleep–wake schedules. 

While chrono nutrition should not replace established guideline-based recommendations, its 
incorporation into dietary counseling may enhance personalization of care and provide clinicians 
with an additional, physiologically grounded tool to optimize glycemic control in women with 
gestational diabetes mellitus 

Conclusions 

Chrono nutrition represents an emerging and physiologically grounded framework for refining 
nutritional management in GDM. By integrating the temporal organization of eating with established 
principles of medical nutrition therapy, chrono nutrition offers a complementary perspective that 
addresses not only what and how much is consumed, but also when nutrients are ingested in relation 
to circadian metabolic rhythms. 

Available evidence suggests that meal timing and daily carbohydrate distribution may 
meaningfully influence maternal glycemic paĴerns, glycemic variability, and postprandial glucose 
excursions—factors that are increasingly recognized as clinically relevant in GDM management. 
Moreover, biological plausibility and preliminary clinical data support the hypothesis that 
temporally aligned nutritional strategies may modulate fetal glucose exposure and potentially 
influence neonatal growth trajectories. 

Despite these promising observations, the current evidence base remains limited, and causality 
cannot yet be established. Chrono nutrition should therefore be viewed as a low-risk, hypothesis-
driven extension of standard dietary counseling rather than a replacement for existing guideline-
based approaches. Well-designed randomized trials and longitudinal studies are needed to define 
optimal chrono nutrition strategies and to clarify their impact on maternal and offspring metabolic 
outcomes. 

In conclusion, incorporating temporal aspects of eating into nutritional care may represent a step 
toward more physiologically aligned and personalized management of GDM, with potential 
implications that extend beyond pregnancy. 
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