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Abbreviations used in the Thesis 

AMY1 Amylase, alpha 1 gene  
BMI Body Mass Index 
FFA Free fatty acid 
GDF-15 Growth differentiation factor-15 
GLP-1 Glucagon-like peptide-1 
HDL-C High-density lipoprotein cholesterol 
HOMA2-%B Homeostatic model assessment 2 of beta-cell function 
HOMA2-%S Homeostatic model assessment 2 of insulin sensitivity percentage 
HOMA2-IR Homeostatic model assessment 2 of insulin resistance 
HSA-CR High-salivary-amylase calorie restriction group 
HSA-LS High-salivary-amylase low-starch group 
IKKβ Iκb kinase beta 
IR Insulin resistance 
IRS Insulin receptor substrate 
LDL-C Low-density lipoprotein cholesterol 
LSA-CR Low-salivary-amylase calorie restriction group 
LSA-LS Low-salivary-amylase low-starch group 
mTORC1 Mechanistic target of rapamycin 
RNA  Ribonucleic acid 
SAA Salivary amylase activity 
SREBP-1c Sterol Regulatory Element-Binding Protein 1c 
T0 Baseline 
T1 30 minutes after starch-containing muesli consumption 
TyG Triglyceride-glucose index 
VF Visceral fat 
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Introduction  

The growing global burden of overweight and obesity has led to a surge in metabolic 

disorders, including insulin resistance, type 2 diabetes, and cardiovascular disease. Although 

the pathogenesis of these conditions is multifactorial, increasing attention is being paid to early, 

non-invasive biomarkers that can identify individuals at risk and offer insights into underlying 

physiological mechanisms (Al Akl et al., 2022; Habobe et al.2025). 

Salivary amylase activity (SAA), which catalyses the initial hydrolysis of  

α-1,4-glycosidic linkages in dietary starches, has traditionally been regarded as a digestive 

enzyme (Freitas et al 2017). However, accumulating evidence indicates that SAA has functions 

extending beyond starch digestion, potentially contributing to the regulation of glucose 

homeostasis, insulin secretion, and overall energy balance (Mandel et al., 2010; Mejía-Benítez 

et al., 2015). Recent studies further demonstrate that interindividual variations in SAA are 

associated with differences in postprandial glycaemic responses, insulin dynamics, and 

adiposity distribution (Mandel & Breslin, 2012; Sekine et al., 2024). Collectively, these 

findings suggest that SAA may serve as a proxy for broader neuroendocrine and metabolic 

regulatory pathways involved in energy homeostasis. 

Visceral adiposity, a hallmark of metabolically unhealthy overweight, is strongly 

associated with insulin resistance and systemic inflammation (Er et al., 2016; Tsuchiya et al., 

2025 ). Identifying upstream markers that correlate with visceral fat accumulation and impaired 

glucose metabolism is critical for developing preventive strategies. Several observational 

studies have suggested that individuals with lower SAA levels may be predisposed to greater 

visceral fat accumulation and blunted cephalic-phase insulin responses, although  

the mechanisms remain poorly understood (Al-Akl et al., 2022; Marquina et al., 2019). 

Aim of the Thesis 
This Thesis builds upon these hypotheses and aims to clarify the associations between SAA, 

overweight status, and glucose homeostasis. Unlike previous work focused on isolated aspects, this 

study takes an integrative approach using data from a single population cohort, examined through 

multiple analytical approaches. The results are presented across three published articles, each 

emphasising different dimensions of the metabolic network involving SAA. 

Objectives of the Thesis  
1 Conduct a comprehensive review of current scientific literature to elucidate  

the physiological role of salivary amylase activity (SAA) and its potential 

associations with metabolic health, focusing on its impact on glucose regulation, 

insulin response, and adipose tissue distribution. 
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2 Investigate the relationships between salivary amylase activity, visceral fat accumulation, 

and surrogate markers of insulin resistance, such as the triglyceride-glucose (TyG) index. 

3 Conduct a physician-guided observational design with a cross-sectional analysis 

component to evaluate the impact of dietary interventions on metabolic markers in  

a well-defined cohort of overweight women with varying salivary amylase activity 

(SAA) of reproductive age to evaluate differences in anthropometric and metabolic 

parameters in response to a 12-week low-starch and calorie-restriction diet intervention. 

Study Markers and Parameters 
1 Anthropometric Markers: 

• Body Mass Index (BMI) 

• Visceral Fat Percentage (VF %) 

2 Carbohydrate metabolism Markers: 

• Glucose 

• C-peptide 

• Active GLP-1 

• Glucagon 

3 Insulin Sensitivity and Resistance Markers: 

• HOMA2-%S (Insulin Sensitivity) 

• HOMA2-IR (Insulin Resistance) 

• HOMA2-%B (Beta-cell Function) 

• TyG- Triglyceride-Glucose 

4 Lipid profile: 

• Total Cholesterol 

• Low-Density Lipoprotein (LDL 

• High-Density Lipoprotein (HDL) 

5 Circulating gut/metabolic markers: 

• GDF15 

• Leptin 

• Butyrate 

Hypotheses of the Thesis 
1 Salivary amylase activity (SAA) is inversely associated with visceral adiposity and 

may serve as a non-invasive biomarker for early metabolic dysregulation in 

overweight individuals. 
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2 SAA's role in maintaining glucose homeostasis is mediated indirectly through 

mechanisms such as visceral fat modulation, rather than exerting a direct effect on 

systemic glucose handling 

3 The effect of low-starch and calorie-restriction diet on metabolic parameters differs 

according to the level of salivary amylase activity (SAA). 

Novelty of the Thesis 
This Thesis introduces an innovative perspective by exploring salivary amylase activity 

(SAA) as a potential upstream modulator of metabolic health in overweight women of 

reproductive age. While previous research has primarily focused on SAA's role in digestive 

physiology and acute postprandial responses, this work extends its significance to chronic 

metabolic adaptations. Specifically, it examines the relationships between SAA, visceral 

adipose tissue distribution, and markers of glucose homeostasis. 

Key contributions of the Thesis include: 
1 Inverse Association Between SAA and Visceral Fat: The study demonstrates  

a significant inverse relationship between SAA and visceral fat percentage, 

independent of total body fat mass. This finding aligns with evidence from  

the research, which highlights that higher SAA activity is associated with reduced 

visceral fat accumulation, a critical marker of metabolic risk. Mediation analysis 

further reveals that visceral fat mediates the relationship between SAA and  

the triglyceride-glucose (TyG) index, accounting for 45 % of the total effect. This 

positions SAA as a potential surrogate marker for metabolically unhealthy fat 

distribution. 

2 Challenging the Direct Link Between SAA and TyG Index: Contrary to  

the assumption of a direct linear relationship between SAA and insulin resistance 

markers like the TyG index, the Thesis provides empirical evidence of their 

dissociation. The findings suggest that SAA's influence on metabolic health is 

primarily mediated through its impact on visceral fat, rather than directly affecting 

the TyG index. This challenges traditional views and calls for a deeper exploration 

of alternative regulatory pathways. 

3 Salivary Diagnostics as a Non-Invasive Screening Tool: The research highlights  

the potential of salivary diagnostics as a cost-effective and non-invasive method for 

metabolic screening. By measuring SAA, it may be possible to identify individuals 

at risk for visceral obesity and insulin resistance early, enabling timely interventions. 
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4 Collectively, the Thesis proposes a paradigm shift from traditional glucose-centric 

models to a more integrative approach that emphasises the role of  

digestive-metabolic interactions. By leveraging salivary biomarkers, particularly 

SAA, this work contributes to refining the evaluation of metabolic health dynamics 

and underscores the importance of personalised nutrition strategies tailored to 

individual metabolic profiles. 
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Discussion 

1 Overview of Key Findings 
This study provides novel insights into the role of salivary amylase activity (SAA) as  

a potential biomarker for metabolic health in overweight women of reproductive age.  

The findings revealed significant associations between SAA, visceral fat percentage (VF %), 

and glucose homeostasis, highlighting the importance of SAA in modulating metabolic 

outcomes. Specifically, higher SAA was associated with lower VF %, suggesting a protective 

role against visceral fat accumulation. Furthermore, mediation analysis demonstrated that VF % 

partially mediates the relationship between SAA and the triglyceride-glucose (TyG) index, 

accounting for 45 % of the total effect. 

The study also showed that tailored dietary interventions based on SAA levels, calorie 

restriction (CR) for high SAA individuals, and low-starch (LS) diets for low SAA individuals 

resulted in significant improvements in metabolic markers. These findings underscore  

the importance of personalised nutrition strategies in addressing metabolic health challenges, 

particularly in populations at risk for obesity-related disorders.  

2 Impact on Glucose Homeostasis 
The study highlights the differential effects of dietary interventions on glucose 

homeostasis based on salivary amylase activity: 

• High Salivary Amylase Activity (HSA): Participants with HSA showed superior 

improvements in insulin sensitivity when following calorie-restricted diets. This 

suggests that individuals with higher enzymatic activity may benefit more from 

interventions targeting overall caloric intake reduction. 

• Low Salivary Amylase Activity (LSA): Participants with LSA exhibited better 

glycaemic control on low-starch diets. This is likely due to reduced post-prandial 

glucose spikes and hyperinsulinemia, which collectively contribute to improved 

glucose regulation. 

These findings pave the way for future research to further explore the mechanistic 

pathways underlying these associations and to validate the use of SAA as a biomarker in diverse 

populations. While the study reported associations between salivary amylase activity, 

overweight, and glucose homeostasis, the evidence does not establish direct causality. 
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3 Assessment of Post-Prandial Metabolic Biomarker Modulation 
Induced by Starch-Containing Muesli 
The study provided detailed insights into the acute changes in active GLP-1 and leptin 

levels following the consumption of starch-containing muesli (T1) in individuals with high 

salivary amylase activity (HSA) and low salivary amylase activity (LSA). These changes 

highlight the role of enzymatic variability in modulating post-prandial metabolic responses. 

The acute changes in active GLP-1 and leptin levels from T0 to T1 demonstrate  

the influence of salivary amylase activity on post-prandial metabolic responses. 

Elevated salivary amylase activity facilitates rapid starch degradation and glucose 

absorption, potentially increasing GLP-1 release and enhancing metabolic outcomes. 

HSA individuals exhibited quicker but less sustained increases in these markers, while 

LSA individuals showed slower but more prolonged elevations, potentially enhancing satiety 

and glycaemic control. These findings underscore the importance of tailoring dietary 

interventions based on enzymatic activity to optimise metabolic outcomes 

4 Role of Salivary Amylase Activity in Metabolic Health 
Salivary amylase activity (SAA) has emerged as a potential upstream modulator of 

metabolic health, influencing key processes such as visceral fat distribution and glucose-insulin 

homeostasis. This study demonstrated significant associations between SAA and visceral fat 

percentage (VF %), with higher SAA linked to lower VF %. This finding aligns with  

the hypothesis that individuals with elevated SAA activity may exhibit enhanced carbohydrate 

metabolism efficiency, which reduces postprandial glycaemic spikes and insulin demand, 

thereby mitigating lipogenesis and visceral fat accumulation. 

The mediating role of VF % in the relationship between SAA and  

the triglyceride-glucose (TyG) index further underscores the metabolic significance of SAA. 

Mediation analysis revealed that VF % accounted for 45 % of the total effect of SAA on  

the TyG index, highlighting its critical role in linking digestive enzyme activity to markers of 

insulin resistance. This finding suggests that SAA may indirectly influence glucose-insulin 

homeostasis by modulating visceral fat distribution, a key determinant of metabolic health. 

The study also explored the differential impact of dietary interventions tailored to SAA 

levels. Participants with high SAA activity responded more favourably to calorie-restricted 

diets, which were associated with reductions in VF % and improvements in insulin sensitivity. 

Conversely, participants with low SAA activity benefited more from low-starch diets, which 

improved glycaemic control and increased GLP-1 levels. These results emphasise  

the importance of personalised nutrition strategies that account for individual enzymatic 
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profiles, as SAA appears to play a pivotal role in determining the metabolic response to dietary 

composition. 

Beyond its direct metabolic effects, SAA may also influence gut microbiota 

composition and short-chain fatty acid production, such as butyrate, which are known to impact 

glucose metabolism and insulin sensitivity. Although this study did not include direct 

microbiome profiling, the study highlights that salivary amylase activity influences butyrate 

production, with low-starch diets significantly increasing butyrate levels in women with low 

salivary amylase activity, thereby enhancing insulin sensitivity and supporting metabolic 

health, future research should investigate the interplay between salivary amylase activity,  

gut microbiota, and metabolic health. 

5 SAA and Visceral Adiposity 
The inverse association between salivary α-amylase activity (SAA) and visceral 

adiposity observed in our study aligns with previous evidence suggesting that individuals with 

higher SAA exhibit more favourable body fat distribution profiles (Al-Akl et al., 2022; 

Bonnefond et al., 2017). SAA plays a critical role in the initiation of starch digestion, 

hydrolysing α-1,4-glycosidic linkages in dietary polysaccharides to release maltose and 

maltotriose, thereby facilitating rapid glucose availability during the early postprandial phase 

(Mandel et al., 2010; Butterworth et al., 2011; Komeine et al., 2013). 

Higher SAA levels have been associated with more efficient carbohydrate digestion, 

improved early-phase glycaemic control, and a more rapid onset of postprandial satiety, which 

may collectively contribute to reduced total energy intake and lower risk of excessive adiposity 

(Foster-Powell et al., 2002; Mandel & Breslin, 2012). From a mechanistic perspective, efficient 

pre-digestive starch hydrolysis may attenuate postprandial glycaemic excursions and insulin 

demand, thereby reducing chronic hyperinsulinemia, a major driver of de novo lipogenesis and 

visceral fat deposition (Jenkinset al., 1981; Elder, et al., 2018). 

Chronic hyperinsulinemia activates the PI3K–Akt–mTORC1–SREBP-1c signalling 

axis, enhancing the transcription of lipogenic enzymes such as acetyl-CoA carboxylase and 

fatty acid synthase, ultimately promoting triglyceride synthesis and storage in visceral 

adipocytes (Porstmann et al., 2008; Kwon et al., 2020; Nakagawa et al., 2025). 

6 Visceral Fat and the TyG Index 
The observed strong positive correlation between visceral adiposity and  

the triglyceride–glucose (TyG) index in our cohort aligns with previous findings, which identify 

central fat accumulation as a key determinant of insulin resistance and metabolic syndrome 

(Simental-Mendía et al., 2008; Guerrero-Romero et al., 2010).Visceral adipose tissue (VAT) is 
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highly metabolically active and functions as an endocrine organ, secreting free fatty acids 

(FFAs), proinflammatory cytokines, and adipokines. These secretions collectively impair 

insulin signalling and disrupt glucose homeostasis (Wajchenberg, 2000).The TyG index, which 

primarily reflects hepatic insulin resistance, has been validated as a reliable surrogate marker 

for assessing insulin resistance (Guerrero-Romero et al., 2010). 

Our findings propose a mechanistic framework in which salivary amylase activity 

(SAA) impacts metabolic health indirectly, not by directly regulating glucose or triglyceride 

metabolism, but by influencing fat distribution – specifically promoting the accumulation of 

visceral adipose tissue. The expansion of VAT contributes to insulin resistance through several 

interconnected molecular mechanisms. 

Firstly, increased FFA flux from visceral fat depots to the liver elevates intracellular 

diacylglycerol (DAG) concentrations, which activates protein kinase C epsilon (PKCε). 

This activation inhibits insulin receptor substrate (IRS)-dependent signalling pathways, thereby 

impairing insulin action (Shulman et al., 2000; Janssen et al., 2025).Secondly, the remodeling 

of visceral adipose tissue is associated with macrophage polarisation toward a proinflammatory 

M1 phenotype. This process leads to elevated secretion of proinflammatory mediators such as 

tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and monocyte chemoattractant  

protein-1 (MCP-1).These factors activate c-Jun N-terminal kinase (JNK) and IκB kinase β 

(IKKβ) signalling pathways, further exacerbating insulin resistance (Hotamisligil et al., 2006; 

Lumeng et al., 2007; Guria et al., 2023).Thirdly, altered secretion of adipokines, including 

reduced levels of adiponectin and increased levels of resisting and retinol-binding protein 4 

(RBP4), further impairs systemic insulin sensitivity and contributes to metabolic inflexibility 

(Kadowaki et al., 2006; Rabiee et al., 2025). 

These mechanisms collectively outline a plausible biological pathway through which 

elevated SAA may exert protective effects on metabolic health. By enhancing oral starch 

hydrolysis and reducing postprandial glucose excursions, higher SAA levels may mitigate 

compensatory hyperinsulinemia, thereby limiting hepatic lipogenesis and the subsequent 

accumulation of metabolically harmful visceral fat. Supporting this integrative model, our 

mediation analysis revealed that approximately 45 % of the relationship between SAA and  

the TyG index is mediated through visceral fat volume. This finding highlights a potential 

indirect pathway that connects oral carbohydrate metabolism to systemic insulin sensitivity.  

It suggests that individual variability in SAA may represent broader adaptive mechanisms 

linking dietary starch processing to adipose tissue distribution and metabolic risk. 
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7 Lack of Direct Association Between SAA and TyG 
While previous studies have proposed a direct link between SAA and glucose regulation 

(Perry et al., 2016; Mandel & Breslin, 2012), the present Thesis provides evidence supporting 

an indirect association. Although visceral fat demonstrated a moderate positive correlation with 

the TyG index (r = 0.36, p < 0.01), SAA did not correlate directly with TyG (r = −0.12, 

p = 0.19). This dissociation was further clarified through mediation analysis, which revealed 

that the effect of SAA on TyG was mediated by visceral adiposity (indirect effect β = −0.09, 

95 % CI: −0.16 to −0.03, p = 0.004).  

This observation suggests that the link between SAA and insulin resistance is more 

nuanced and may be mediated by intermediate variables such as visceral adiposity. This lack 

of a direct association contrasts with some studies reporting that higher SAA is predictive of 

better glycaemic control and lower insulin resistance. 

8 Targeting Visceral Adiposity: Implications for Prevention 
Specifically, the finding that 45 % of the total effect of SAA on the TyG index is 

mediated by VF highlights the biological plausibility of SAA acting as an upstream determinant 

of adiposity-driven metabolic dysfunction. 

From a physiological standpoint, VF represents a unique metabolic compartment with 

distinct endocrine and inflammatory properties, contributing disproportionately to  

the development of IR and cardiometabolic disease (Gugliucci et al., 2022; Finelli et al 2013; 

Adeva-Andany et al 2024). Adipocytes in the visceral depot exhibit enhanced sensitivity to 

lipolytic stimuli and reduced responsiveness to insulin-mediated suppression of lipolysis, 

resulting in greater free fatty acid flux into the portal circulation and promotion of hepatic 

insulin resistance (Lundgren et al .2008; Zhao et al 2020). Adipocytes secrete pro-inflammatory 

adipokines, while macrophages infiltrating hypertrophic adipose tissue produce elevated levels 

of cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α).  

These cytokines contribute to systemic inflammation and disrupt insulin signalling by 

interfering with insulin receptor substrate phosphorylation and downstream signalling cascades 

(Ali et al., 2020; Simons et al 2007; Weisberg et al., 2003). Consequently, interventions aimed 

at reducing VF mass hold significant potential for improving insulin sensitivity and mitigating 

metabolic risk. 

The inverse association between SAA and VF suggests that individuals with higher 

enzymatic capacity for starch hydrolysis may experience a more favourable metabolic profile, 

potentially due to reduced postprandial insulin responses. (Choi et al., 2015).  Therefore, SAA 

may exert indirect regulatory effects on adipose tissue distribution through its influence on 
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early-phase carbohydrate digestion and subsequent hormonal responses, particularly insulin 

dynamics. 

These findings carry important implications for metabolic health strategies, particularly 

in the context of personalised nutrition and risk stratification. If SAA activity modulates visceral 

fat (VF) deposition via postprandial metabolic pathways, then enhancing SAA activity, either 

through dietary modulation or by targeting individuals with favourable AMY1 gene copy 

number profiles, could serve as a preventive strategy to reduce VF accumulation. Thus, SAA 

may represent not only a biomarker of metabolic risk but also a modifiable factor in 

interventions designed to prevent or reverse visceral adiposity and its associated complications. 

9 Salivary Amylase Activity and Butyrate Production 
The study demonstrated a weak but statistically significant correlation (ρ = 0.0486, 

p < 0.05) between salivary amylase activity and butyrate levels, suggesting that individuals with 

higher salivary amylase activity may exhibit enhanced starch digestion, leading to increased 

butyrate production. This aligns with previous research indicating that salivary amylase activity 

influences the availability of substrates for microbial fermentation in the gut, favouring  

the proliferation of butyrate-producing bacteria such as Faecalibacterium prausnitzii and 

Roseburia spp. (Flint et al., 2012; Khalil et al., 2024). Notably, women with high salivary 

amylase activity had significantly higher baseline butyrate levels compared to those with low 

activity (Mann-Whitney U = 44, p < 0.05). These findings suggest that salivary amylase activity 

plays a critical role in shaping gut microbiota composition and metabolic outcomes. 

10 Rationale for Using Both HOMA2-IR and TyG Index 
Insulin resistance is a multifaceted condition influenced by various metabolic pathways, 

including glucose regulation, lipid metabolism, and visceral adiposity. In this study, both  

the Homeostasis Model Assessment of Insulin Resistance 2 (HOMA2-IR) and  

the triglyceride-glucose (TyG) index were utilised to provide a comprehensive evaluation of 

insulin resistance and its relationship with salivary amylase activity (SAA) and dietary 

interventions. The inclusion of both markers was driven by their complementary strengths and 

their ability to capture distinct aspects of insulin resistance. The TyG index and HOMA2-IR 

represent two different approaches to assessing insulin resistance: 

10.1 TyG Index 
The TyG index, calculated using fasting triglyceride and glucose levels, is a reliable 

surrogate marker for insulin resistance, particularly in the context of lipid metabolism and 

visceral adiposity. It has been shown to correlate strongly with visceral fat, which is a central 
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focus of this study. The TyG index is less influenced by short-term fluctuations in insulin levels, 

making it a stable and practical marker for large-scale studies. 

10.2 HOMA2-IR 
HOMA2-IR is derived from fasting glucose and c-peptide levels, provides a direct 

measure of pancreatic beta-cell function and hepatic insulin sensitivity. It offers insights into 

the dynamics of insulin secretion and glucose regulation, which are critical for understanding 

the broader metabolic implications of SAA. 

By incorporating both markers, the study was able to capture a more holistic view of 

insulin resistance, addressing both lipid-related and insulin-related pathways. The use of both 

markers allowed for cross-validation of the study’s findings. Consistent trends observed across 

TyG index and HOMA2-IR strengthen the reliability of the results, while any discrepancies 

between the two markers provide valuable insights into the differential mechanisms of insulin 

resistance. For example, the TyG index may better reflect the lipid-related effects of SAA on 

visceral fat and triglyceride metabolism, while HOMA2-IR may capture the insulin secretion 

and hepatic glucose regulation pathways influenced by SAA. 

The dual use of TyG index and HOMA2-IR enabled the study to explore the complex 

interactions between SAA, visceral adiposity, and glucose homeostasis. The findings suggest 

that SAA may influence glucose regulation through indirect mechanisms, such as gut-brain 

signalling, insulin secretion dynamics, or differential postprandial glycaemic responses. While 

the TyG index provided insights into the lipid-related pathways, HOMA2-IR offered additional 

information on the role of SAA insulin secretion and hepatic glucose regulation. The inclusion 

of HOMA2-IR ensures that the results are aligned with previous studies on insulin resistance, 

while the TyG index provides a novel perspective on the role of lipid metabolism in the context 

of SAA and visceral adiposity. 

While the inclusion of both markers enhances the robustness of the study, certain 

limitations must be acknowledged: 

The inclusion of both HOMA2-IR and TyG indexes in this study was essential for 

providing a comprehensive assessment of insulin resistance and exploring the metabolic role of 

salivary amylase activity. By leveraging the complementary strengths of these markers,  

the study was able to capture both lipid-related and insulin-related pathways, offering deeper 

insights into the complex mechanisms underlying glucose homeostasis and metabolic health. 

Future research should continue to explore the interplay between these markers to refine our 

understanding of insulin resistance and its relationship with SAA and dietary interventions. 
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11 Hormonal Influence and Study Population 
The focus on women of reproductive age adds a unique dimension to the study, as 

hormonal fluctuations during the menstrual cycle can influence gut microbiota composition and 

butyrate production. Oestrogen, which is elevated during the follicular phase, has been shown 

to promote the growth of beneficial gut bacteria associated with butyrate production. 

Conversely, progesterone, which dominates the luteal phase, may attenuate these effects.  

While the study controlled for hormonal variability by measuring butyrate levels during the 

follicular phase, future research should explore the dynamic interactions between hormonal 

fluctuations, gut microbiota, and metabolic outcomes. 

12 Personalised Nutrition Based on Salivary Amylase Activity (SAA) 
This study highlights the potential of salivary amylase activity (SAA) as a biomarker 

for personalised nutrition strategies aimed at optimising metabolic health. Variability in SAA 

levels among individuals has been shown to influence dietary responses, particularly in relation 

to visceral fat accumulation, insulin sensitivity, and glucose homeostasis. 

The findings from this study demonstrated that tailored dietary interventions based on 

SAA levels can significantly improve metabolic markers. Participants with high SAA activity 

(HSA) responded more favourably to calorie-restricted diets, which were associated with 

reductions in visceral fat percentage and enhanced insulin sensitivity. Conversely, participants 

with low SAA activity (LSA) benefited more from low-starch diets, which improved glycaemic 

control and increased GLP-1 levels, a key incretin hormone involved in glucose regulation. 

Mechanistically, SAA influences the rate of starch digestion and glucose absorption, 

which in turn affects insulin dynamics and adipose tissue metabolism. Elevated SAA activity 

facilitates rapid starch hydrolysis, leading to improved glycaemic control and reduced insulin 

demand, which may attenuate lipogenesis and visceral fat accumulation. On the other hand, 

reduced SAA activity results in slower starch digestion, altered glycaemic responses, and 

potentially diminished GLP-1 secretion, which may impact satiety and glucose regulation. 

The integration of SAA as a biomarker in personalised nutrition strategies offers several 

advantages. First, it provides a non-invasive and cost-effective method for assessing individual 

metabolic profiles. Second, it enables the development of tailored dietary recommendations that 

optimise metabolic outcomes based on enzymatic activity. For example, individuals with high 

SAA activity may benefit from calorie-restricted diets to reduce visceral fat, while those with 

low SAA activity may achieve better glycaemic control through low-starch diets. 

These findings emphasise the need for further research to validate the use of SAA as  

a biomarker in diverse populations and to explore its long-term implications for metabolic 

health. Future studies should investigate the molecular mechanisms underlying the relationship 
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between SAA, gut microbiota composition, and metabolic outcomes, as well as the potential 

for dietary interventions to modulate SAA activity. 

Personalised nutrition strategies based on SAA represent a promising approach to 

improving metabolic health and preventing obesity-related disorders. By leveraging salivary 

diagnostics and tailored dietary interventions, this research contributes to the growing field of 

precision nutrition and highlights the importance of integrating individual enzymatic profiles 

into dietary planning 

13 Important Parameters That Did Not Change and Their Implications 
In this study, total cholesterol, body weight, and growth differentiation factor-15  

(GDF-15) remained unchanged following dietary intervention. Understanding  

the physiological and methodological factors underlying this stability is important for  

the interpretation of metabolic outcomes. 

13.1 Total Cholesterol, LDL-C, and HDL-C 
The stability of cholesterol parameters across intervention groups suggests  

that short-term modulation of carbohydrate intake has limited influence on plasma cholesterol 

homeostasis. Cholesterol levels are predominantly regulated by long-term dietary patterns, 

hepatic synthesis, and genetic determinants, making them less responsive to transient nutritional 

changes (Lecerf JM et al., 2011).   

As the intervention primarily targeted carbohydrate restriction rather than fat 

composition, hepatic regulatory mechanisms, including cholesterol synthesis and LDL receptor 

activity, likely maintained circulating total cholesterol, LDL-C, and HDL-C within a stable 

range. This aligns with the observation that the intervention predominantly affected triglyceride 

levels, as reflected by changes in the TyG index, rather than total cholesterol fractions. 

Furthermore, the relatively short intervention duration may have been insufficient for 

measurable alterations in cholesterol metabolism, which typically requires prolonged dietary 

exposure. Effective lipid modulation generally depends on the inclusion of cholesterol-lowering 

nutrients, such as soluble fibre, plant sterols, omega-3 fatty acids, and monounsaturated fats, 

which were not a focus of the current dietary design. The absence of these components likely 

contributed to the unaltered lipid profile despite improvements in other metabolic markers. 

13.2 Body Weight 
Reductions in visceral adiposity can occur independently of total weight loss, 

particularly when interventions enhance metabolic flexibility, insulin sensitivity, or 

mitochondrial efficiency (Holloszy JO et al., 2011). Redistribution of adipose tissue or modest 
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increases in lean mass may offset reductions in fat mass, resulting in stable total body weight. 

The moderate caloric restriction and relatively short duration likely further limited measurable 

changes. These findings underscore the limitations of body weight as an isolated marker of 

metabolic improvement and highlight the importance of body composition assessment, 

including visceral and subcutaneous fat indices. 

13.3 Growth Differentiation Factor-15 (GDF-15) 
GDF-15 is a stress-responsive cytokine associated with mitochondrial homeostasis and 

inflammatory regulation. Elevated concentrations are typically observed in states of oxidative 

stress, mitochondrial dysfunction, or systemic inflammation. The absence of significant change 

may reflect the participants relatively preserved metabolic health and the moderate intensity of 

the intervention, which likely did not elicit a sufficient mitochondrial or inflammatory response 

to alter GDF-15 expression (Tsai VWW et al., 2018). These results suggest that GDF-15 is 

more indicative of chronic metabolic stress than short-term dietary modulation 

In this study, several metabolic and biochemical parameters, including total cholesterol, 

body weight, and growth differentiation factor-15 (GDF-15), did not demonstrate significant 

alterations following dietary interventions. Understanding the biological and methodological 

factors underlying this stability is essential for accurate interpretation of the results and for 

refining future experimental designs. The following sections discuss potential explanations for 

the lack of change and their broader implications. 

14. Clinical and Translational Implications 
The identification of non-invasive biomarkers for early detection of metabolic 

dysregulation is of great clinical importance, particularly in young women of reproductive age, 

in whom prevention of future metabolic disease is critical. Given that SAA can be easily 

measured in saliva and is responsive to both genetic and environmental factors, it may serve as 

a valuable tool for risk stratification, lifestyle intervention targeting, and personalised nutrition 

strategies (Perry et al., 2016; Carpenter et al., 2013). Additionally, since SAA is partially 

regulated by adrenergic activity, it may also serve as a surrogate marker of sympathetic nervous 

system (SNS) function. However, further longitudinal studies are required to establish causality 

and assess whether modulating SAA through dietary or behavioural means can influence 

metabolic trajectories. 
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15 Strengths and Limitations 
This study has several notable strengths that contribute to its scientific rigor and  

the relevance of its findings: 

1 Innovative Focus on Salivary Amylase Activity: The study provides a novel 

perspective by investigating salivary amylase activity (SAA) as a potential upstream 

modulator of metabolic health. While previous research has primarily focused on 

SAA in the context of digestive physiology, this study extends its relevance to 

chronic metabolic adaptations, highlighting its association with visceral fat 

distribution and glucose-insulin homeostasis. 

2 Tailored Dietary Interventions: The study design incorporated personalised dietary 

strategies based on SAA levels, such as low-starch diets for individuals with low 

SAA and calorie-restricted diets for those with high SAA. This approach allowed for 

the exploration of individualised nutrition interventions and their impact on 

metabolic health. 

3 Robust Statistical Analysis: The study employed appropriate statistical methods, 

including non-parametric tests, multivariable linear regression, and structural 

equation modelling (SEM) for mediation analysis. Adjustments for potential 

confounders such as age, BMI, physical activity, and dietary intake enhanced  

the reliability of the findings. The use of bootstrapping for mediation analysis further 

strengthened the robustness of the results. 

4 Focus on Visceral Fat as a Mediator: The study highlighted the mediating role of 

visceral fat percentage in the relationship between SAA and the TyG index, 

providing valuable insights into the mechanisms underlying metabolic health. This 

approach advances the understanding of how visceral fat distribution contributes to 

glucose-insulin homeostasis. 

5 Non-Invasive Biomarker Assessment: The use of salivary diagnostics to measure 

SAA offers a cost-effective, non-invasive method for assessing metabolic health. 

This approach has the potential to be applied in large-scale population studies and 

clinical settings for early identification of individuals at risk for metabolic disorders. 

6 Comprehensive Dietary Monitoring: Despite the limitations of self-reported food 

diaries, the study implemented weekly dietary monitoring, which allowed for 

detailed tracking of dietary adherence and provided valuable data on the impact of 

dietary interventions. 

7 Focus on Women of Reproductive Age: By targeting overweight women of 

reproductive age, the study addresses a population that is particularly vulnerable to 
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metabolic disorders, such as insulin resistance and visceral obesity. This focus 

contributes to the understanding of metabolic health in a critical demographic group. 

The study is limited by: 

1 Population Specificity: The exclusive focus on overweight women of reproductive 

age limits the applicability of the results to other populations, such as men, 

postmenopausal women, or individuals with different health profiles. This narrow 

demographic scope may not capture the full spectrum of metabolic responses across 

diverse populations. 

2 Sample size and Statistical Power: The relatively small sample size, particularly in 

the control group, may have reduced the statistical power of the study and increased  

3 Bioimpedance Analysis: Visceral fat percentage was measured using the Omron 

BF511 bioimpedance scale, which relies on proprietary algorithms. While 

bioimpedance analysis is a widely used and non-invasive method, it is less precise 

compared to gold-standard techniques such as dual-energy X-ray absorptiometry 

(DXA) or magnetic resonance imaging (MRI). This limitation may have introduced 

variability in the measurement of visceral fat, potentially affecting the accuracy of 

the results. 

4 Causality: Although the study identified associations between salivary amylase 

activity, visceral fat, and glucose homeostasis, the evidence does not establish direct 

causality. The observational nature of the study design limits the ability to infer 

causal relationships between these variables. 

5 Microbiome Analysis: The lack of direct microbiome profiling limits the ability to 

fully elucidate the relationship between salivary amylase activity, gut microbiota 

composition, and butyrate production. This gap restricts the mechanistic 

understanding of how dietary interventions may influence metabolic outcomes 

through microbiota-mediated pathways. 

16 Potential Biases 

• Selection Bias: The inclusion criteria focused on overweight women without chronic 

diseases or medications affecting metabolic outcomes, which may limit the 

applicability of findings to individuals with more complex health profiles. 

• Reporting Bias: Dietary adherence was monitored through self-reported weekly food 

diaries, which are prone to inaccuracies, underreporting, or recall bias. 
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Future studies should aim to address these limitations by incorporating larger, more 

diverse populations, direct microbiome profiling, and more objective methods of dietary 

adherence monitoring, such as digital tracking tools or biomarkers of dietary intake. By 

mitigating these biases, the robustness and generalizability of the findings can be improved. 

17 Future Directions 
To deepen understanding of salivary amylase activity (SAA) as a modulator of 

metabolic health, future research should employ integrative approaches combining genetic, 

physiological, and molecular analyses across diverse populations. 

17.1 Postprandial Glucose–Insulin Dynamics 
Future studies should examine how SAA influences postprandial glycaemic and 

insulinemic responses through modulation of starch hydrolysis and glucose absorption. 

Continuous glucose monitoring and standardised meal tests, stratified by SAA activity, would 

enable precise characterisation of glucose–insulin kinetics and enzymatic variability. 

17.2 Genetic and Autonomic Regulation 
Precise quantification of AMY1 gene copy number through advanced genomic 

sequencing techniques is critical to unravel the genetic determinants of salivary amylase (SAA) 

production and its role in driving metabolic variability among individuals. Concurrently,  

the integration of autonomic regulatory assessments – utilising heart rate variability (HRV) and 

salivary cortisol levels as biomarkers – offers a unique opportunity to explore the influence of 

sympathetic nervous system activation on SAA secretion. This dual approach could provide 

novel insights into the interplay between genetic predisposition and autonomic control in 

shaping SAA-mediated metabolic pathways and their downstream physiological effects. 

17.3 Microbiome and Gut–Oral Axis Interactions 
Advanced microbiome profiling techniques, such as 16S rRNA sequencing and 

metagenomic analysis, should be employed to investigate the interplay between salivary 

amylase (SAA) activity, gut microbial composition, and the production of short-chain fatty 

acids (SCFAs). These studies would provide critical insights into how starch availability and 

microbial fermentation modulate systemic insulin sensitivity and inflammatory responses. 

Furthermore, experimental studies focusing on the gut–oral axis, including the neural pathways 

that mediate bidirectional communication between the oral cavity and gastrointestinal tract, are 

essential to elucidate the mechanistic links underlying these interactions. 

  



 

22 

17.4 Interventional and Causal Designs 
Causality should be tested through pharmacological and dietary interventions that 

modulate SAA secretion or activity. Controlled feeding studies with varying starch content, 

glycaemic load, or prebiotic supplementation would reveal metabolic outcomes associated with 

differing SAA levels and their effects on butyrate production and insulin sensitivity. 

17.5 Validation in Diverse Populations 
Replication of findings in larger, demographically diverse cohorts – including men and 

individuals of varying age and ethnicity, is needed to assess population-specific associations 

and improve translational relevance. Multicentre trials with stratified analyses are 

recommended. 

17.6. Long-Term and Personalised Dietary Interventions 
Longitudinal studies (≥ 1–5 years) are required to evaluate the durability and clinical 

significance of SAA-tailored dietary strategies, including effects on diabetes risk, 

cardiovascular health, and quality of life. 

17.7 Molecular Mechanisms and Hormonal Pathways 
Mechanistic research should elucidate molecular links between SAA activity, GLP-1 

secretion, and glucose homeostasis. In vitro and in vivo models examining SAA-derived 

oligosaccharides and enteroendocrine signalling will provide mechanistic insight into  

SAA-mediated regulation of insulin sensitivity and lipid metabolism. 
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Conclusions 

This study provides significant insights into the role of salivary amylase activity (SAA) 

in modulating metabolic health, particularly in overweight women of reproductive age.  

The findings demonstrate that dietary interventions, specifically calorie-restricted (CR) and 

low-starch (LS) diets, lead to distinct improvements in metabolic markers, with the response 

being influenced by individual variations in SAA. 

Participants with high salivary amylase activity (HSA) showed greater improvements 

in insulin sensitivity and reductions in visceral fat percentage when following  

a calorie-restricted diet. Conversely, those with low salivary amylase activity (LSA) exhibited 

enhanced glycaemic control and significant increases in active GLP-1 levels when adhering to 

a low-starch diet. These results highlight the differential metabolic responses to dietary 

interventions based on SAA levels, emphasising the potential of SAA as a biomarker for 

personalised nutrition strategies. 

The study also revealed that visceral fat plays a critical mediating role in the relationship 

between SAA and the triglyceride-glucose (TyG) index, accounting for 45 % of the total effect. 

This underscores the importance of targeting visceral adiposity in metabolic health 

interventions. Furthermore, reductions in leptin levels and improvements in insulin sensitivity 

were observed, particularly in the HSA-CR group, while the LSA-LS group demonstrated 

significant changes in GLP-1 secretion and C-peptide levels. 

These findings suggest that SAA could serve as a non-invasive biomarker for early 

identification of individuals at metabolic risk and for guiding personalised dietary interventions 

aimed at reducing insulin resistance and preventing obesity-related complications. The study 

also highlights the need for further research to explore the long-term effects of dietary 

interventions, the genetic and hormonal regulation of SAA activity, and the molecular 

mechanisms underlying its impact on metabolic health. 

Although the evidence remains correlational, SAA activity holds promise as  

a biomarker for metabolic health and appetite regulation. Future studies should focus on 

elucidating causal mechanisms. 

This research contributes to the growing body of evidence supporting the role of SAA 

in metabolic regulation and emphasises the importance of personalised nutrition strategies 

tailored to individual enzymatic profiles. By integrating SAA as a biomarker into clinical 

practice, it may be possible to optimise dietary interventions and improve metabolic health 

outcomes in vulnerable populations, such as overweight women of reproductive age. 



 

24 

Proposals 

1 Personalised dietary recommendations 

• Women with high salivary amylase activity (SAA) may benefit from  

calorie-restricted diets, which can enhance insulin sensitivity and reduce visceral 

adiposity. 

• Women with low SAA achieve better glycaemic control with low-starch diets, which 

help reduce postprandial glycaemic excursions and increase butyrate. 

2 SAA as an early biomarker 
The assessment of salivary amylase activity may serve as an early diagnostic tool for 

identifying individuals who require tailored, personalised nutritional strategies aimed at 

improving glycaemic control and reducing metabolic risk. 

Future perspectives: 

• Integrating SAA measurement into a comprehensive metabolic risk assessment 

panel, combining it with other salivary biomarkers, including hormones  

(e. g. cortisol), inflammatory cytokines (IL-6, TNF-α), and adipokines (leptin, 

adiponectin, etc.). 

• Incorporating modern biosensor technologies, such as intraoral sensors with wireless 

data transmission and smartphone interfaces, to enable real-time monitoring of 

metabolic parameters, stress responses, inflammatory status, and hormone dynamics 

in ambulatory settings. 

• Embedding artificial intelligence (AI) algorithms into biosensor platforms to 

transform raw physiological signals into clinically actionable information, improving 

metabolic health assessment and supporting personalised therapeutic decisions. 

3 Prioritising visceral fat reduction for metabolic health 
Metabolic health strategies should emphasise reducing visceral adiposity – a key 

determinant of insulin resistance – rather than relying solely on body mass index (BMI) as  

a clinical indicator. 

4 Future research directions 
• Future studies should focus on the long-term effects of dietary interventions, 

including their impact on gene expression related to lipid metabolism, inflammation, 

and insulin signalling pathways. 

• Additional research is required to clarify the molecular mechanisms through which 

salivary amylase activity and dietary interventions influence metabolic biomarkers. 
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• Studies should examine AMY1 gene copy number variation and hormonal regulators 

(e. g. cortisol) that modulate SAA and associated metabolic health indicators. 

• Research should be expanded to diverse populations (men, and women outside 

reproductive age) to evaluate the generalizability of findings. 

• Comprehensive gut microbiome profiling is recommended to better understand  

the interactions between SAA, microbial composition, and metabolic health. 

 



 

26 

List of publications, reports and patents on the topic of the Thesis 

Publications: 
1. Erta, G., Gersone, G., Jurka, A., & Tretjakovs, P. (2024). Impact of a 12-Week Dietary Intervention 

on Adipose Tissue Metabolic Markers in Overweight Women of Reproductive Age. International 
Journal of Molecular Sciences, 25(15), 8512. https://doi.org/10.3390/ijms25158512 

2. Erta, G., Gersone, G., Jurka, A., & Tretjakovs, P. (2024). The Link between Salivary Amylase 
Activity, Overweight, and Glucose Homeostasis. International Journal of Molecular Sciences, 
25(18), 9956. https://doi.org/10.3390/ijms25189956 

3. Erta, G., Gersone, G., Jurka, A., & Tretjakovs, P. (2025). Decoding metabolic connections: the role 
of salivary amylase activity in modulating visceral fat and triglyceride glucose index. Lipids in 
Health and Disease, 24(1), 98. https://doi.org/10.1186/s12944-025-02524-7 

4. Erta, G., Gersone, G., Jurka, A., & Tretjakovs, P. (2025). Salivary α-Amylase as a Metabolic 
Biomarker: Analytical Tools, Challenges, and Clinical Perspectives. International Journal of 
Molecular Sciences, 26(15), 7365. https://doi.org/10.3390/ijms26157365 

5. Erta G, Gersone G, Jurka A, Tretjakovs P. Salivary amylase activity: A potential modulator of 
glucose homeostasis, insulin secretion, and appetite regulation. J Nutr Biochem. 2025 Oct 21; 
148:110154. https://doi.org/10.1016/j.jnutbio.2025.110154 

Reports and theses at international congresses and conferences: 
1. Erta, G., Gersone, G., & Tretjakovs, P. (2023). Telehealth and metabolic health: Unraveling  

the effects of a 12-week low-starch diet on HOMA2-B and insulin resistance in overweight women. 
Journal of the Endocrine Society, 7(Supplement_1), bvad114.127. 
https://doi.org/10.1210/jendso/bvad114.127 Research output: Contribution to journal › Meeting 
abstract › Peer-reviewed 

2. Erta, G., Gersone, G., & Tretjakovs, P. (2023). What is found from placing a continuous glucose 
monitor in overweight non-diabetic reproductive-age women with insulin resistance? Medicina 
(Kaunas), 59(Suppl. 2), 46. Research output: Contribution to journal › Meeting abstract ›  
Peer-reviewed 

3. Erta, G., Gersone, G., & Tretjakovs, P. (2022). Does phase angle analysis in overweight women be 
a surrogate marker of insulin resistance? Endocrine Abstracts, 83, DOMNP1. Research output: 
Contribution to journal › Meeting abstract › Peer-reviewed 

https://doi.org/10.3390/ijms25158512
https://doi.org/10.3390/ijms25189956
https://doi.org/10.1186/s12944-025-02524-7
https://doi.org/10.3390/ijms26157365
https://doi.org/10.1016/j.jnutbio.2025.110154
https://doi.org/10.1210/jendso/bvad114.127


 

27 

References 

1. Adeva-Andany, M. M., Domínguez-Montero, A., Adeva-Contreras, L., Fernández-Fernández, C., 
Carneiro-Freire, N., & González-Lucán, M. (2024). Body fat distribution contributes to defining 
the relationship between insulin resistance and obesity in human diseases. Current Diabetes 
Reviews, 20(5), e160823219824. https://doi.org/10.2174/1573399820666230816111624  

2. Al-Akl, N., Thompson, R. I., & Arredouani, A. (2022). Elevated levels of salivary α- amylase 
activity in saliva associated with reduced odds of obesity in adult Qatari citizens: A cross-sectional 
study. PloS One, 17(3), e0264692. https://doi.org/10.1371/journal.pone.0264692  

3. Ali, M. M., Phillips, S. A., & Mahmoud, A. M. (2020). HIF1α/TET1 Pathway Mediates  
Hypoxia-Induced Adipocytokine Promoter Hypomethylation in Human Adipocytes. Cells, 9(1), 
134. https://doi.org/10.3390/cells9010134  

4. Ali, N., & Nater, U. M. (2020). Salivary Alpha-Amylase as a Biomarker of Stress in Behavioral 
Medicine. International Journal of Behavioral Medicine, 27(3), 337–342. 
https://doi.org/10.1007/s12529-019-09843-x  

5. Bonnefond, A., Yengo, L., Dechaume, A., Canouil, M., Castelain, M., Roger, E., Allegaert, F., 
Caiazzo, R., Raverdy, V., Pigeyre, M., Arredouani, A., Borys, J. M., Lévy-Marchal, C., Weill, J., 
Roussel, R., Balkau, B., Marre, M., Pattou, F., Brousseau, T., & Froguel, P. (2017). Relationship 
between salivary/pancreatic amylase and body mass index: a systems biology approach. BMC 
Medicine, 15(1), 37. https://doi.org/10.1186/s12916-017-0784-x  

6. Bonora, E., Targher, G., Alberiche, M., Bonadonna, R. C., Saggiani, F., Zenere, M. B., Monauni, 
T., & Muggeo, M. (2000). Homeostasis model assessment closely mirrors the glucose clamp 
technique in the assessment of insulin sensitivity: studies in subjects with various degrees of 
glucose tolerance and insulin sensitivity. Diabetes Care, 23(1), 57–63. 
https://doi.org/10.2337/diacare.23.1.57  

7. Bridges, J., Smythe, J., & Reddrick, R. (2017). Impact of salivary enzyme activity on the oral 
perception of starch containing foods. Journal of Texture Studies, 48(4), 288–293. 
https://doi.org/10.1111/jtxs.12252  

8. Butterworth, P. J., Warren, F. J., & Ellis, P. R. (2011). Human α-amylase and starch digestion:  
An interesting marriage. Starch - Stärke, 63(7), 395–405. https://doi.org/10.1002/star.201000150  

9. Cabanillas-Lazo, M., Quispe-Vicuña, C., Pascual-Guevara, M., Cruzalegui-Bazán, C.,  
Duran-Pecho, A., Paz-Ibarra, J., & Velásquez-Rimachi, V. (2025). Diagnostic accuracy of 
triglyceride to glucose index and triglyceride/high-density lipoprotein index for insulin resistance 
among children and adolescents: A systematic review. PloSone, 20(6), e0326179. 
https://doi.org/10.1371/journal.pone.0326179  

10. Carpenter, D., Mitchell, L.M. & Armour, J.A.L. (2017). Copy number variation of human AMY1 
is a minor contributor to variation in salivary amylase expression and activity. Hum Genomics, 11, 
2. https://doi.org/10.1186/s40246-017-0097-3  

11. Carpenter, G. H. (2013). The secretion, components, and properties of saliva. Annual Review of 
Food Science and Technology, 4, 267–276. https://doi.org/10.1146/annurev-food-030212-182700  

12. Choi, Y. J., Nam, Y. S., Yun, J. M., Park, J. H., Cho, B. L., Son, H. Y., Kim, J. I., & Yun, J. W. 
(2015). Association between salivary amylase (AMY1) gene copy numbers and insulin resistance 
in asymptomatic Korean men. Diabetic Medicine: a Journal of the British Diabetic Association, 
32(12), 1588–1595. https://doi.org/10.1111/dme.12808  

13. DeFronzo, R. A., Tobin, J. D., & Andres, R. (1979). Glucose clamp technique: a method for 
quantifying insulin secretion and resistance. The American Journal of Physiology, 237(3),  
E214–E223. https://doi.org/10.1152/ajpendo.1979.237.3.E214  

14. Delanghe, J. R., Verlinde, E., Speeckaert, M. M., & Maenhout, T. (2023). HOMA-IR and  
HOMA2-IR estimation based on glycated hemoglobin as an alternative for fasting glucose.  
Acta Clinica Belgica, 78(4), 308–312. https://doi.org/10.1080/17843286.2022.2160889  

https://doi.org/10.2174/1573399820666230816111624
https://doi.org/10.1371/journal.pone.0264692
https://doi.org/10.3390/cells9010134
https://doi.org/10.1007/s12529-019-09843-x
https://doi.org/10.1186/s12916-017-0784-x
https://doi.org/10.2337/diacare.23.1.57
https://doi.org/10.1111/jtxs.12252
https://doi.org/10.1002/star.201000150
https://doi.org/10.1186/s40246-017-0097-3
https://doi.org/10.1146/annurev-food-030212-182700
https://doi.org/10.1111/dme.12808
https://doi.org/10.1152/ajpendo.1979.237.3.E214
https://doi.org/10.1080/17843286.2022.2160889


 

28 

15. Després, J. P., Lemieux, I., & Prud'homme, D. (2001). Treatment of obesity: need to focus on high 
risk abdominally obese patients. BMJ (Clinical Research ed.), 322(7288), 716–720. 
https://doi.org/10.1136/bmj.322.7288.716  

16. Dimitriadis, G. D., Maratou, E., Kountouri, A., Board, M., & Lambadiari, V. (2021). Regulation of 
Postabsorptive and Postprandial Glucose Metabolism by Insulin-Dependent and  
Insulin-Independent Mechanisms: An Integrative Approach. Nutrients, 13(1), 159. 
https://doi.org/10.3390/nu13010159  

17. Elder, P. J. D., Ramsden, D. B., Burnett, D., Weickert, M. O., & Barber, T. M. (2018). Human 
amylase gene copy number variation as a determinant of metabolic state. Expert Review of 
Endocrinology & Metabolism, 13(4), 193–205. https://doi.org/10.1080/17446651.2018.1499466  

18. Er, L. K., Wu, S., Chou, H. H., Hsu, L. A., Teng, M. S., Sun, Y. C., & Ko, Y. L. (2016). Triglyceride 
glucose-body mass index is a simple and clinically useful surrogate marker for insulin resistance 
in nondiabetic individuals. PLoS ONE, 11(3), e0149731. https://doi.org/10.1371/journal.pone. 
0149731  

19. Janssen, J. A. M. J. L. (2025). The Pivotal Role of the Western Diet, Hyperinsulinemia, Ectopic 
Fat, and Diacylglycerol-Mediated Insulin Resistance in Type 2 Diabetes. International Journal of 
Molecular Sciences, 26(18), 9191. https://doi.org/10.3390/ijms26189191  

20. Jenkins, D. J., Wolever, T. M., Taylor, R. H., Barker, H., Fielden, H., Baldwin, J. M., Bowling, A. 
C., Newman, H. C., Jenkins, A. L., & Goff, D. V. (1981). Glycemic index of foods: a physiological 
basis for carbohydrate exchange. The American Journal of Clinical Nutrition, 34(3), 362–366. 
https://doi.org/10.1093/ajcn/34.3.362  

21. Falchi, M., El-Sayed Moustafa, J. S., Takousis, P., Pesce, F., Bonnefond, A., Andersson-Assarsson, 
J. C., Froguel, P. (2014). Low copy number of the salivary amylase gene predisposes to obesity. 
Nature Genetics, 46(5), 492–497. https://doi.org/10.1038/ng.2939  

22. Farrell, M., Ramne, S., Gouinguenet, P., Brunkwall, L., Ericson, U., Raben, A., Nilsson, P. M., 
Orho-Melander, M., Granfeldt, Y., Tovar, J., & Sonestedt, E. (2021). Effect of AMY1 copy number 
variation and various doses of starch intake on glucose homeostasis: data from a cross-sectional 
observational study and a crossover meal study. Genes & Nutrition, 16(1), 21. 
https://doi.org/10.1186/s12263-021-00701-8  

23. Finelli, C., Sommella, L., Gioia, S., La Sala, N., & Tarantino, G. (2013). Should visceral fat be 
reduced to increase longevity? Ageing Research Reviews, 12(4), 996–1004. 
https://doi.org/10.1016/j.arr.2013.05.007  

24. Flint, H. J., Scott, K. P., Louis, P., & Duncan, S. H. (2012). The role of the gut microbiota in 
nutrition and health. Nature reviews. Gastroenterology & Hepatology, 9(10), 577–589. 
https://doi.org/10.1038/nrgastro.2012.156  

25. Foster-Powell, K., Holt, S. H. A., & Brand-Miller, J. C. (2002). International table of glycemic 
index and glycemic load values: 2002. The American Journal of Clinical Nutrition, 76(1), 5–56. 
https://doi.org/10.1093/ajcn/76.1.5  

26. Forde, C. G., van Kuijk, N., Thaler, T., de Graaf, C., & Martin, N. (2013). Oral processing 
characteristics of solid savoury meal components, and relationship with food composition, sensory 
attributes, and expected satiation. Appetite, 60(1), 208–219. https://doi.org/10.1016/j.appet. 
2012.09.015  

27. Freitas, D., Le Feunteun, S., Panouillé, M., & Souchon, I. (2017). The important role of salivary  
α-amylase in the gastric digestion of wheat bread starch. Food & Function, 9(1), 200–208. 
https://doi.org/ 10.1039/C7FO01484H  

28. Goh, A. T., Yao, J., Chua, X. H., Whitton, C., van Dam, R. M., & Forde, C. G. (2023). Associations 
between oral processing, saliva, and bolus properties on daily glucose excursions amongst people 
at risk of type-2 diabetes. Food & Function, 14(4), 2260–2269. 
https://doi.org/10.1039/d2fo03060h  

https://doi.org/10.1136/bmj.322.7288.716
https://doi.org/10.3390/nu13010159
https://doi.org/10.1080/17446651.2018.1499466
https://doi.org/10.1371/journal.pone.0149731
https://doi.org/10.1371/journal.pone.0149731
https://doi.org/10.3390/ijms26189191
https://doi.org/10.1093/ajcn/34.3.362
https://doi.org/10.1038/ng.2939
https://doi.org/10.1186/s12263-021-00701-8
https://doi.org/10.1016/j.arr.2013.05.007
https://doi.org/10.1038/nrgastro.2012.156
https://doi.org/10.1093/ajcn/76.1.5
https://doi.org/10.1016/j.appet.2012.09.015
https://doi.org/10.1016/j.appet.2012.09.015
https://doi.org/10.1039/C7FO01484H
https://doi.org/10.1039/d2fo03060h


 

29 

29. Guerrero-Romero, F., Simental-Mendía, L. E., González-Ortiz, M., Martínez-Abundis, E., Ramos-
Zavala, M. G., Hernández-González, S. O., & Jacques-Camarena, O. (2010). The product of 
triglycerides and glucose, a simple measure of insulin sensitivity. Comparison withthe  
euglycemic–hyperinsulinemic clamp. The Journal of Clinical Endocrinology & Metabolism, 95(7), 
3347–3351. https://doi.org/10.1210/jc.2010-0288  

30. Gugliucci, A. (2022). Biomarkers of dysfunctional visceral fat. Advances in Clinical Chemistry, 
109, 1–30. https://doi.org/10.1016/bs.acc.2022.03.001   

31. Guldan, M., Ozbek, L., Abdel-Rahman, S. M., Narin, A. E., Orak, H. I., Goren, H. K., Afsar, B., 
Rossing, P., & Kanbay, M. (2025). Targeting visceral and ectopic adiposity: Pharmacological and 
surgical interventions beyond global weight loss. Diabetes, Obesity and Metabolism. 
https://doi.org/10.1111/dom.70019  

32. Guria, S., Hoory, A., Das, S., Chattopadhyay, D., & Mukherjee, S. (2023). Adipose tissue 
macrophages and their role in obesity-associated insulin resistance: an overview of the complex 
dynamics at play. Bioscience Reports, 43(3), BSR20220200. 
https://doi.org/10.1042/BSR20220200  

33. Gutt, M., Davis, C. L., Spitzer, S. B., Llabre, M. M., Kumar, M., Czarnecki, E. M., Schneiderman, 
N., Skyler, J. S., & Marks, J. B. (2000). Validation of the insulin sensitivity index (ISI(0,120)): 
comparison with other measures. Diabetes Research and Clinical Practice, 47(3), 177–184. 
https://doi.org/10.1016/s0168-8227(99)00116-3  

34. Habobe, H. A., Pieters, R. H., & Bikker, F. J. (2025). Investigating the Salivary Biomarker Profile 
in Obesity: A Systematic Review. Current Obesity Reports, 14(1), 25. 
https://doi.org/10.1007/s13679-025-00618-y  

35. Harthoorn, L. F., & Dransfield, E. (2008). Periprandial changes of the sympathetic-parasympathetic 
balance related to perceived satiety in humans. European Journal of Applied Physiology, 102(5), 
601–608. https://doi.org/10.1007/s00421-007-0622-5  

36. Holloszy, J. O., Coyle, E. F. (1984). Adaptations of skeletal muscle to endurance exercise and their 
metabolic consequences. J Appl Physiol Respir Environ Exerc Physiol. Apr; 56(4):831-8.  
https://doi.org/10.1152/jappl.1984.56.4.831. PMID: 6373687 

37. Holst, J. J., Gasbjerg, L. S., & Rosenkilde, M. M. (2021). The role of incretins on insulin function 
and glucose homeostasis. Endocrinology, 162(7), Article bqab065. 
https://doi.org/10.1210/endocr/bqab065  

38. Hotamisligil, G. S. (2006). Inflammation and metabolic disorders. Nature, 444(7121), 860–867. 
https://doi.org/10.1038/nature05485  

39. Kadowaki, T., Yamauchi, T., Kubota, N., Hara, K., Ueki, K., & Tobe, K. (2006). Adiponectin and 
adiponectin receptors in insulin resistance, diabetes, and the metabolic syndrome. The Journal of 
Clinical Investigation, 116(7), 1784–1792. https://doi.org/10.1172/JCI29126  

40. Kawamori, D., Welters, H. J., & Kulkarni, R. N. (2010). Molecular pathways underlying  
the pathogenesis of pancreatic alpha-cell dysfunction. Advances in Experimental Medicine and 
Biology, 654, 421–445. https://doi.org/10.1007/978-90-481-3271-3_18  

41. Khalil, M., Di Ciaula, A., Mahdi, L., Jaber, N., Di Palo, D. M., Graziani, A., Baffy, G., & 
Portincasa, P. (2024). Unraveling the Role of the Human Gut Microbiome in Health and Diseases. 
Microorganisms, 12(11), 2333. https://doi.org/10.3390/microorganisms12112333  

42. Khan, S. M., Hamnvik, O. P., Brinkoetter, M., & Mantzoros, C. S. (2012). Leptin as a modulator 
of neuroendocrine function in humans. Yonsei Medical Journal, 53(4), 671–679. 
https://doi.org/10.3349/ymj.2012.53.4.671  

43. Komeine, K. M. N., Chan, E., Suleman, S., Bertoft, E., & Seetharaman, K. (2013). Differences in 
structures of starch hydrolysates using saliva from different individuals. Starch – Stärke, 65(5), 
408–416. https://doi.org/10.1002/star.201200216  

https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1016/bs.acc.2022.03.001
https://doi.org/10.1111/dom.70019
https://doi.org/10.1042/BSR20220200
https://doi.org/10.1016/s0168-8227(99)00116-3
https://doi.org/10.1007/s13679-025-00618-y
https://doi.org/10.1007/s00421-007-0622-5
https://doi.org/10.1210/endocr/bqab065
https://doi.org/10.1038/nature05485
https://doi.org/10.1172/JCI29126
https://doi.org/10.1007/978-90-481-3271-3_18
https://doi.org/10.3390/microorganisms12112333
https://doi.org/10.3349/ymj.2012.53.4.671
https://doi.org/10.1002/star.201200216


 

30 

44. Kojima, I., & Nakagawa, Y. (2011). The Role of the Sweet Taste Receptor in Enteroendocrine 
Cells and Pancreatic β-Cells. Diabetes & Metabolism Journal, 35(5), 451–457. 
https://doi.org/10.4093/dmj.2011.35.5.451  

45. Lee, A. A., & Owyang, C. (2017). Sugars, Sweet Taste Receptors, and Brain Responses. Nutrients, 
9(7), 653. https://doi.org/10.3390/nu9070653  

46. Kovács, R. E., Alpay, M., Karsai, I., Tornóczky, G. J., Petróczi, A., & Boros, S. (2025). Balancing 
Performance and Health in Elite Hungarian Athletes: The Relationship Among Disordered Eating 
Risk, Body Composition, and Nutrition Knowledge. Nutrients, 17(2), 231. 
https://doi.org/10.3390/nu17020231  

47. Kwon, H., & Pessin, J. E. (2020). Insulin-mediated PI3K and AKT signaling. In I. M. Arias, H. J. 
Alter, J. L. Boyer, D. E. Cohen, D. A. Shafritz, S. S. Thorgeirsson, & A. W. Wolkoff (Eds.), Liver 
Diseases: Molecular, Cellular and Clinical Features Wiley. 
https://doi.org/10.1002/9781119436812.ch39  

48. Lecerf, J. M., de Lorgeril, M. (2011). Dietary cholesterol: from physiology to cardiovascular risk. 
Br J Nutr. Jul;106(1):6-14. doi: 10.1017/S0007114511000237. Epub 2011 Mar 9. PMID: 
21385506. 

49. Locia-Morales, D., Vázquez-Moreno, M., González-Dzib, R., Domínguez-Hernández, C.,  
Pérez-Herrera, A., Robles-Ramírez, R. J., Rocha-Cruz, A., Meyre, D., Flores-Alfaro, E., & Cruz, 
M. (2022). Association of total and pancreatic serum amylase enzymatic activity with insulin 
resistance and the glucose and insulin responses to oral starch test in Mexican children. Pediatric 
Obesity, 17(12), e12965. https://doi.org/10.1111/ijpo.12965  

50. Lundgren, M., Burén, J., Lindgren, P., Myrnäs, T., Ruge, T., & Eriksson, J. W. (2008). Sex- and 
depot-specific lipolysis regulation in human adipocytes: interplay between adrenergic stimulation 
and glucocorticoids. Hormone and Metabolic Research = Hormon- und Stoffwechselforschung = 
Hormones et Metabolisme, 40(12), 854–860. https://doi.org/10.1055/s-0028-1087168  

51. Lumeng, C. N., Bodzin, J. L., & Saltiel, A. R. (2007). Obesity induces a phenotypic switch in 
adipose tissue macrophage polarization. The Journal of Clinical Investigation, 117(1), 175–184. 
https://doi.org/10.1172/JCI29881  

52. Mandel, A. L., & Breslin, P. A. S. (2012). High endogenous salivary amylase activity is associated 
with improved glycemic homeostasis following starch ingestion in adults. The Journal of Nutrition, 
142(5), 853–858. https://doi.org/10.3945/jn.111.153932  

53. Mandel, A. L., Peyrot des Gachons, C., Plank, K. L., Alarcon, S., & Breslin, P. A. S. (2010). 
Individual differences in AMY1 gene copy number, salivary α‐amylase levels, and the perception 
of oral starch. PLoS One, 5(10), e13352. https://doi.org/10.1371/journal.pone.0013352  

54. Marquina, C., Mousa, A., Belski, R., Banaharis, H., Naderpoor, N., & de Courten, B. (2019). 
Increased Inflammation and Cardiometabolic Risk in Individuals with Low AMY1 Copy Numbers. 
Journal of Clinical Medicine, 8(3), 382. https://doi.org/10.3390/jcm8030382  

55. Matsuda, M., & DeFronzo, R. A. (1999). Insulin sensitivity indices obtained from oral glucose 
tolerance testing: comparison with the euglycemic insulin clamp. Diabetes Care, 22(9),  
1462–1470. https://doi.org/10.2337/diacare.22.9.1462  

56. Matthews, D. R., Hosker, J. P., Rudenski, A. S., Naylor, B. A., Treacher, D. F., & Turner, R. C. 
(1985). Homeostasis model assessment: insulin resistance and beta-cell function from fasting 
plasma glucose and insulin concentrations in man. Diabetologia, 28(7), 412–419. 
https://doi.org/10.1007/BF00280883  

57. Mejía-Benítez, A., Bonnefond, A., Yengo, L., Huyvaert, M., Dechaume, A., Peralta-Romero, J., 
Durand, E., Vaillant, E., Lecoeur, C., Lobbens, S., González-Barranco, J., & Froguel, P. (2015). 
Beneficial effect of a high number of copies of the salivary amylase AMY1 gene on obesity risk in 
Mexican children. Diabetologia, 58(2), 290–294. https://doi.org/10.1007/s00125-014-3441-3  

 

https://doi.org/10.4093/dmj.2011.35.5.451
https://doi.org/10.3390/nu9070653
https://doi.org/10.3390/nu17020231
https://doi.org/10.1002/9781119436812.ch39
https://doi.org/10.1111/ijpo.12965
https://doi.org/10.1055/s-0028-1087168
https://doi.org/10.1172/JCI29881
https://doi.org/10.3945/jn.111.153932
https://doi.org/10.1371/journal.pone.0013352
https://doi.org/10.3390/jcm8030382
https://doi.org/10.2337/diacare.22.9.1462
https://doi.org/10.1007/BF00280883
https://doi.org/10.1007/s00125-014-3441-3


 

31 

58. Muniyappa, R., Lee, S., Chen, H., & Quon, M. J. (2008). Current approaches for assessing insulin 
sensitivity and resistance in vivo: advantages, limitations, and appropriate usage. American Journal 
of Physiology. Endocrinology and Metabolism, 294(1), E15–E26. 
https://doi.org/10.1152/ajpendo.00645.2007  

59. Nakagawa, H. (2025). Lipogenesis and MASLD: Re-thinking the role of SREBPs. Archives of 
Toxicology, 99, 2299–2312. https://doi.org/10.1007/s00204-025-04052-w  

60. Nater, U. M., Rohleder, N., Schlotz, W., Ehlert, U., & Kirschbaum, C. (2007). Determinants of  
the diurnal course of salivary alpha-amylase. Psychoneuroendocrinology, 32(4), 392–401. 
https://doi.org/10.1016/j.psyneuen.2007.02.007  

61. Niculescu, R., Stoian, A., Arbănași, E. M., Russu, E., Babă, D.-F., Manea, A., Stoian, M., Gliga, 
F. I., Cocuz, I. G., Sabău, A. H., Szabo, D.-A., & Cotoi, O. S. (2025). The Dual Role of Perivascular 
Adipose Tissue in Vascular Homeostasis and Atherogenesis: From Physiology to Pathological 
Implications. International Journal of Molecular Sciences, 26(17), 8320. 
https://doi.org/10.3390/ijms26178320  

62. Park, J. R., Kim, M. H., Woo, J., Lee, S. J., & Song, K. E. (2008). The Korean Journal of 
Laboratory Medicine, 28(6), 438–443. https://doi.org/10.3343/kjlm.2008.28.6.438  

63. Parker, H. E., Adriaenssens, A., Rogers, G., Richards, P., Koepsell, H., Reimann, F., & Gribble, F. 
M. (2012). Predominant role of active versus facilitative glucose transport for glucagon-like 
peptide-1 secretion. Diabetologia, 55(9), 2445–2455. https://doi.org/10.1007/s00125-012-2585-2  

64. Peyrot des Gachons, C., & Breslin, P. A. (2016). Salivary Amylase: Digestion and Metabolic 
Syndrome. Current Diabetes Reports, 16(10), 102. https://doi.org/10.1007/s11892-016-0794-7  

65. Perez-Aguilar, J. M., Kang, S. G., Zhang, L., & Zhou, R. (2019). Modeling and Structural 
Characterization of the Sweet Taste Receptor Heterodimer. ACS Chemical Neuroscience, 10(11), 
4579–4592. https://doi.org/10.1021/acschemneuro.9b00438  

66. Pérez-Ros, P., Navarro-Flores, E., Julián-Rochina, I., Martínez-Arnau, F. M., & Cauli, O. (2021). 
Changes in Salivary Amylase and Glucose in Diabetes: A Scoping Review. Diagnostics, 11(3), 
453. https://doi.org/10.3390/diagnostics11030453  

67. Perry, G. H., Kistler, L., Kelaita, M. A., & Sams, A. J. (2016). Insights into hominin phenotypic 
and dietary evolution from ancient DNA sequence data. Journal of Human Evolution, 79, 55–63. 
https://doi.org/10.1016/j.jhevol.2014.09.013  

68. Proctor, G. B., & Carpenter, G. H. (2007). Regulation of salivary gland function by autonomic 
nerves. Autonomic Neuroscience: Basic & Clinical, 133(1), 3–18. 
https://doi.org/10.1016/j.autneu.2006.10.006  

69. Raka, F., Farr, S., Kelly, J., Stoianov, A., & Adeli, K. (2019). Metabolic control via nutrient-sensing 
mechanisms: role of taste receptors and the gut-brain neuroendocrine axis. American Journal of 
Physiology. Endocrinology and Metabolism, 317(4), E559–E572. 
https://doi.org/10.1152/ajpendo.00036.2019  

70. Rampanelli, E., Romp, N., Troise, A. D., Ananthasabesan, J., Wu, H., Gül, I. S., De Pascale, S., 
Scaloni, A., Bäckhed, F., Fogliano, V., Nieuwdorp, M., & Bui, T. P. N. (2025). Gut bacterium 
Intestinimonas butyriciproducens improves host metabolic health: evidence from cohort and animal 
intervention studies. Microbiome, 13(1), 15. https://doi.org/10.1186/s40168-024-02002-9  

71. Rabiee, A., Hossain, M. A., & Poojari, A. (2025). Adipose Tissue Insulin Resistance: A Key Driver 
of Metabolic Syndrome Pathogenesis. Biomedicines, 13(10), 2376. 
https://doi.org/10.3390/biomedicines13102376  

72. Poole, A. C., Goodrich, J. K., Youngblut, N. D., Luque, G. G., Ruaud, A., Sutter, J. L., Waters, J. 
L., Shi, Q., El-Hadidi, M., Johnson, L. M., Bar, H. Y., Huson, D. H., Booth, J. G., & Ley, R. E. 
(2019). Human Salivary Amylase Gene Copy Number Impacts Oral and Gut Microbiomes. Cell 
Host & Microbe, 25(4), 553–564.e7. https://doi.org/10.1016/j.chom.2019.03.001  

 

https://doi.org/10.1152/ajpendo.00645.2007
https://doi.org/10.1007/s00204-025-04052-w
https://doi.org/10.1016/j.psyneuen.2007.02.007
https://doi.org/10.3390/ijms26178320
https://doi.org/10.3343/kjlm.2008.28.6.438
https://doi.org/10.1007/s00125-012-2585-2
https://doi.org/10.1007/s11892-016-0794-7
https://doi.org/10.1021/acschemneuro.9b00438
https://doi.org/10.3390/diagnostics11030453
https://doi.org/10.1016/j.jhevol.2014.09.013
https://doi.org/10.1016/j.autneu.2006.10.006
https://doi.org/10.1152/ajpendo.00036.2019
https://doi.org/10.1186/s40168-024-02002-9
https://doi.org/10.3390/biomedicines13102376
https://doi.org/10.1016/j.chom.2019.03.001


 

32 

73. Porstmann, T., Santos, C. R., Griffiths, B., Cully, M., Wu, M., Leevers, S., Griffiths, J. R., Chung, 
Y. L., & Schulze, A. (2008). SREBP activity is regulated by mTORC1 and contributes to  
Akt-dependent cell growth. Cell Metabolism, 8(3), 224–236. https://doi.org/10.1016/j.cmet.2008. 
07.007  

74. Röder, P. V., Geillinger, K. E., Zietek, T. S., Thorens, B., Koepsell, H., & Daniel, H. (2014).  
The role of SGLT1 and GLUT2 in intestinal glucose transport and sensing. PloS One, 9(2), e89977. 
https://doi.org/10.1371/journal.pone.0089977  

75. Sanca, L., Byberg, S., Có, C., da Costa, G., Indami, M., Rama, L., Teixeira, A. M.,  
Bjerregaard-Andersen, M., & Carvalho, E. (2024). Body composition analysis using bioelectric 
impedance in Bissau: reproducibility and level of agreement between two available devices.  
The Pan African Medical Journal, 48, 80. https://doi.org/10.11604/pamj.2024.48.80.42997  

76. Samavarchitehrani, A., Cannavo, A., Behnoush, A.H. et al. (2024). Investigating the association 
between the triglyceride-glucose index and peripheral artery disease: a systematic review and  
meta-analysis. Nutr. Diabetes, 14, 80. https://doi.org/10.1038/s41387-024-00341-y  

77. Schlezingerová, N., Málková, P., Kocourek, M., & Telenský, P. (2024). Mild hunger elicits 
attentional desensitization to visual food cues in healthy, non-obese individuals. Frontiers in 
Psychology, 15, 1441184. https://doi.org/10.3389/fpsyg.2024.1441184  

78. Sekine, A., & Nakajima, K. (2024). High Blood Glucose After Starch Loading in Young Women 
with Small Increase in Salivary Amylase: Another Crucial Role of Postprandial Salivary Amylase. 
Journal of Clinical Medicine Research, 16(10), 465–471. https://doi.org/10.14740/jocmr6057  

79. Sievenpiper, J. L. (2020). Low-carbohydrate diets and cardiometabolic health: the importance of 
carbohydrate quality over quantity. Nutrition Reviews, 78(Suppl 1), 69–77. 
https://doi.org/10.1093/nutrit/nuz082  

80. Simental-Mendía, L. E., Rodríguez-Morán, M., & Guerrero-Romero, F. (2008). The product of 
fasting glucose and triglycerides as surrogate for identifying insulin resistance: A review of  
the evidence. Journal of Clinical Lipidology, 2(3), 273–278. 
https://doi.org/10.1016/j.jacl.2008.04.001  

81. Simental-Mendía, L. E., Rodríguez-Morán, M., & Guerrero-Romero, F. (2008). The product of 
fasting glucose and triglycerides as surrogate for identifying insulin resistance in apparently healthy 
subjects. Metabolic Syndrome and Related Disorders, 6(4), 299–304. 
https://doi.org/10.1089/met.2008.0034  

82. Simons, P. J., van den Pangaart, P. S., Aerts, J. M., & Boon, L. (2007). Pro-inflammatory 
delipidizing cytokines reduce adiponectin secretion from human adipocytes without affecting 
adiponectin oligomerization. The Journal of Endocrinology, 192(2), 289–299. 
https://doi.org/10.1677/JOE-06-0047  

83. da Silva, A., Caldas, A. P. S., Hermsdorff, H. H. M., Bersch-Ferreira, Â. C., Torreglosa, C. R., 
Weber, B., & Bressan, J. (2019). Triglyceride-glucose index is associated with symptomatic 
coronary artery disease in patients in secondary care. Cardiovascular Diabetology, 18(1), 89. 
https://doi.org/10.1186/s12933-019-0893-2  

84. Simental-Mendía, L. E., Rodríguez-Morán, M., & Guerrero-Romero, F. (2008). The product of 
fasting glucose and triglycerides as surrogate for identifying insulin resistance in apparently healthy 
subjects. Metabolic Syndrome and Related Disorders, 6(4), 299–304. 
https://doi.org/10.1089/met.2008.0034  

85. Shulman, G. I. (2000). Cellular mechanisms of insulin resistance. The Journal of Clinical 
Investigation, 106(2), 171–176. https://doi.org/10.1172/JCI10583  

86. Steven, S., Hollingsworth, K. G., Small, P. K., Woodcock, S. A., Pucci, A., Aribasala, B.,  
Al-Mrabeh, A., Batterham, R. L., & Taylor, R. (2016). Calorie restriction and not glucagon-like 
peptide-1 explains the acute improvement in glucose control after gastric bypass in Type2 diabetes. 
Diabetic Medicine: a Journal of the British Diabetic Association, 33(12), 1723–1731. 
https://doi.org/10.1111/dme.13257  

https://doi.org/10.1016/j.cmet.2008.07.007
https://doi.org/10.1016/j.cmet.2008.07.007
https://doi.org/10.1371/journal.pone.0089977
https://doi.org/10.11604/pamj.2024.48.80.42997
https://doi.org/10.1038/s41387-024-00341-y
https://doi.org/10.3389/fpsyg.2024.1441184
https://doi.org/10.14740/jocmr6057
https://doi.org/10.1093/nutrit/nuz082
https://doi.org/10.1016/j.jacl.2008.04.001
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1677/JOE-06-0047
https://doi.org/10.1186/s12933-019-0893-2
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1172/JCI10583
https://doi.org/10.1111/dme.13257


 

33 

87. Stumvoll, M., Mitrakou, A., Pimenta, W., Jenssen, T., Yki-Järvinen, H., van Haeften, T., Renn, W., 
& Gerich, J. (2000). Use of the oral glucose tolerance test to assess insulin release and insulin 
sensitivity. Diabetes Care, 23(3), 295–301. https://doi.org/10.2337/diacare.23.3.295  

88. Sun, E. W., de Fontgalland, D., Rabbitt, P., Hollington, P., Sposato, L., Due, S. L., Wattchow, D. 
A., Rayner, C. K., Deane, A. M., Young, R. L., & Keating, D. J. (2017). Mechanisms Controlling 
Glucose-Induced GLP-1 Secretion in Human Small Intestine. Diabetes, 66(8), 2144–2149. 
https://doi.org/10.2337/db17-0058  

89. Tagliavini, A., & Pedersen, M. G. (2017). Spatiotemporal Modeling of Triggering and Amplifying 
Pathways in GLP-1 Secreting Intestinal L Cells. Biophysical Journal, 112(1), 162–171. 
https://doi.org/10.1016/j.bpj.2016.11.3199  

90. Tangprasert, K., Jantaratnotai, N., & Pachimsawat, P. (2019). Factors affecting salivary  
α-amylase levels measured with a handheld biosensor and a standard laboratory assay. American 
Journal of Human Biology: the Official Journal of the Human Biology Council, 31(6), e23298. 
https://doi.org/10.1002/ajhb.23298  

91. Tsai, V. W. W., Husaini, Y., Sainsbury, A., Brown, D. A., Breit, S. N. (2018). The MIC-1/GDF15-
GFRAL Pathway in Energy Homeostasis: Implications for Obesity, Cachexia, and Other 
Associated Diseases. Cell Metab. Sep 4;28(3):353-368. doi: 10.1016/j.cmet.2018.07.018. PMID: 
30184485. 

92. Tsuchiya, K., & Tsutsumi, T. (2025). Beyond the BMI Paradox: Unraveling the Cellular and 
Molecular Determinants of Metabolic Health in Obesity. Biomolecules, 15(9), 1278. 
https://doi.org/10.3390/biom15091278  

93. Uehara, K., Santoleri, D., Whitlock, A. E. G., & Titchenell, P. M. (2023). Insulin Regulation of 
Hepatic Lipid Homeostasis. Comprehensive Physiology, 13(3), 4785–4809. 
https://doi.org/10.1002/cphy.c220015  

94. Wajchenberg, B. L. (2000). Subcutaneous and visceral adipose tissue: Their relation to  
the metabolic syndrome. Endocrine Reviews, 21(6), 697–738. 
https://doi.org/10.1210/edrv.21.6.0415  

95. Wang, Y., Duan, C., & Sun, Y. (2024). Vagus nerve and gut–brain communication.  
The Neuroscientist, 31(3). https://doi.org/10.1177/10738584241259702  

96. Wang, L., Wang, Q., Xiong, Y., Shi, W., & Qi, X. (2025). Obesity and Its Comorbidities: Current 
Treatment Options, Emerging Biological Mechanisms, Future Perspectives and Challenges. 
Diabetes, Metabolic Syndrome and Obesity, 18, 3427–3445. 
https://doi.org/10.2147/DMSO.S540103  

97. Weisberg, S. P., McCann, D., Desai, M., Rosenbaum, M., Leibel, R. L., & Ferrante, A. W., Jr 
(2003). Obesity is associated with macrophage accumulation in adipose tissue. The Journal of 
Clinical Investigation, 112(12), 1796–1808. https://doi.org/10.1172/JCI19246  

98. Woolnough, J. W., Bird, A. R., Monro, J. A., & Brennan, C. S. (2010). The effect of a brief salivary 
α-amylase exposure during chewing on subsequent in vitro starch digestion curve profiles. 
International Journal of Molecular Sciences, 11(8), 2780–2790. 
https://doi.org/10.3390/ijms11082780  

99. Yang, S., Cao, J., Sun, C., & Yuan, L. (2024). The Regulation Role of the Gut-Islets Axis in 
Diabetes. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy, 17, 1415–1423. 
https://doi.org/10.2147/DMSO.S455026  

100. Young, R. L., Sutherland, K., Pezos, N., Brierley, S. M., Horowitz, M., Rayner, C. K., & 
Blackshaw, L. A. (2009). Expression of taste molecules in the upper gastrointestinal tract in humans 
with and without type 2 diabetes. Gut, 58(3), 337–346. https://doi.org/10.1136/gut.2008.148932  

101. Zhao, J., Wu, Y., Rong, X., Zheng, C., & Guo, J. (2020). Anti-Lipolysis Induced by Insulin in 
Diverse Pathophysiologic Conditions of Adipose Tissue. Diabetes, Metabolic Syndrome and 
Obesity: Targets and Therapy, 13, 1575–1585. https://doi.org/10.2147/DMSO.S250699  

https://doi.org/10.2337/diacare.23.3.295
https://doi.org/10.2337/db17-0058
https://doi.org/10.1016/j.bpj.2016.11.3199
https://doi.org/10.1002/ajhb.23298
https://doi.org/10.3390/biom15091278
https://doi.org/10.1002/cphy.c220015
https://doi.org/10.1210/edrv.21.6.0415
https://doi.org/10.1177/10738584241259702
https://doi.org/10.2147/DMSO.S540103
https://doi.org/10.1172/JCI19246
https://doi.org/10.3390/ijms11082780
https://doi.org/10.2147/DMSO.S455026
https://doi.org/10.1136/gut.2008.148932
https://doi.org/10.2147/DMSO.S250699


 

34 

102. Zhao, Q., Zhang, T. Y., Cheng, Y. J., Ma, Y., Xu, Y. K., Yang, J. Q., & Zhou, Y. J. (2021). 
Triglyceride-Glucose Index as a Surrogate Marker of Insulin Resistance for Predicting 
Cardiovascular Outcomes in Nondiabetic Patients with Non-ST-Segment Elevation AcuteCoronary 
Syndrome Undergoing Percutaneous Coronary Intervention. Journal of Atherosclerosis and 
Thrombosis, 28(11), 1175–1194. https://doi.org/10.5551/jat.59840 

103. Zhao, J., Fan, H., Wang, T. et al. (2022). TyG index is positively associated with risk of CHD and 
coronary atherosclerosis severity among NAFLD patients. Cardiovasc Diabetol, 21, 123. 
https://doi.org/10.1186/s12933-022-01548-y  

104. Zhang, S., Du, T., Zhang, J., Lu, H., Lin, X., Xie, J., Yang, Y., & Yu, X. (2017). The triglyceride 
and glucose index (TyG) is an effective biomarker to identify nonalcoholic fatty liver disease. 
Lipids in Health and Disease, 16(1), 15. https://doi.org/10.1186/s12944-017-0409-6  

https://doi.org/10.5551/jat.59840
https://doi.org/10.1186/s12933-022-01548-y
https://doi.org/10.1186/s12944-017-0409-6

	Table of Contents
	Abbreviations used in the Thesis
	Introduction
	Aim of the Thesis
	Objectives of the Thesis
	Study Markers and Parameters
	Hypotheses of the Thesis
	Novelty of the Thesis
	Key contributions of the Thesis include:

	Discussion
	1 Overview of Key Findings
	2 Impact on Glucose Homeostasis
	3 Assessment of Post-Prandial Metabolic Biomarker Modulation Induced by Starch-Containing Muesli
	4 Role of Salivary Amylase Activity in Metabolic Health
	5 SAA and Visceral Adiposity
	6 Visceral Fat and the TyG Index
	7 Lack of Direct Association Between SAA and TyG
	8 Targeting Visceral Adiposity: Implications for Prevention
	9 Salivary Amylase Activity and Butyrate Production
	10 Rationale for Using Both HOMA2-IR and TyG Index
	10.1 TyG Index
	10.2 HOMA2-IR

	11 Hormonal Influence and Study Population
	12 Personalised Nutrition Based on Salivary Amylase Activity (SAA)
	13 Important Parameters That Did Not Change and Their Implications
	13.1 Total Cholesterol, LDL-C, and HDL-C
	13.2 Body Weight
	13.3 Growth Differentiation Factor-15 (GDF-15)

	14. Clinical and Translational Implications
	15 Strengths and Limitations
	16 Potential Biases
	17 Future Directions
	17.1 Postprandial Glucose–Insulin Dynamics
	17.2 Genetic and Autonomic Regulation
	17.3 Microbiome and Gut–Oral Axis Interactions
	17.4 Interventional and Causal Designs
	17.5 Validation in Diverse Populations
	17.6. Long-Term and Personalised Dietary Interventions
	17.7 Molecular Mechanisms and Hormonal Pathways


	Conclusions
	Proposals
	List of publications, reports and patents on the topic of the Thesis
	References

