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Abstract 

This doctoral Thesis explores the role of salivary amylase activity (SAA) as a potential 

non-invasive biomarker of metabolic health by examining its associations with overweight 

status, visceral fat, and markers of glucose homeostasis, emphasising that current evidence is 

largely correlational and requires further investigation to establish causality. 

In a well-characterised cohort of overweight women of reproductive age,  

the crosssectional study, integrated as a foundational component of the interventional study, 

analysed associations between salivary amylase activity, visceral fat, and the triglyceride 

glucose index to establish baseline metabolic relationships, while the subsequent 12-week 

dietary intervention, stratified by salivary amylase activity levels, evaluated differential 

metabolic responses including changes in insulin sensitivity, GLP1 secretion, adipokines, and 

glucose homeostasis under calorie restricted and low starch diets, highlighting the potential of 

personalised nutrition in optimising metabolic health. 

The findings of this investigation were reported through three thematically aligned 

peer-reviewed original research articles as well as two comprehensive review articles. A robust 

inverse relationship was observed between SAA and visceral adiposity, independent of total 

body fat, suggesting that higher SAA may be indicative of a metabolically healthier fat 

distribution phenotype. While visceral fat was positively correlated with  

the triglyceride-glucose (TyG) index, a surrogate marker of insulin resistance, SAA exhibited 

no direct association with the TyG index. These findings support the hypothesis that SAA may 

influence glucose regulation indirectly, potentially through its modulation of fat accumulation 

and cephalic-phase insulin dynamics patterns rather than directly. 

While variability in SAA activity, largely driven by AMY1 gene copy number variation 

(CNV), also has been regulated by adrenergic activity, which can be partially modulated 

through lifestyle interventions. This is particularly relevant, as impaired autonomic regulation 

is commonly observed in individuals with obesity and metabolic syndrome and may be 

improved through targeted lifestyle changes. This potential responsiveness further supports its 

relevance as a candidate biomarker for metabolic plasticity. 

This Thesis proposes that SAA, as a non-invasive and easily measurable biomarker, 

could play a valuable role in the early identification of individuals at metabolic risk and in 

guiding personalised lifestyle interventions for the prevention of insulin resistance and 

obesityrelated complications. 

Keywords: salivary amylase activity, overweight, visceral fat, glucose homeostasis, 

insulin resistance, triglyceride-glucose index, metabolic health, cephalic-phase insulin 

secretion, dietary intervention. 
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Anotācija 

Siekalu amilāzes funkcionālās 
aktivitātes saistība ar virssvaru 

un ogļhidrātu vielmaiņas 
traucējumiem 

Šī promocijas darba mērķis bija izpētīt siekalu amilāzes aktivitāti (SAA) kā potenciālu 

neinvazīvu biomarķieri metabolās veselības novērtēšanai, analizējot saistību ar virssvaru, 

viscerālajiem taukiem un glikozes homeostāzes marķieriem, akcentējot, ka pašreizējie 

pierādījumi pārsvarā ir korelatīvi un nepieciešami turpmāki pētījumi, lai noteiktu 

cēloņsakarību. Šķērsgriezuma pētījumā, kas tika integrēts kā elements intervences pētījumā, 

precīzi definētā reproduktīvā vecuma sieviešu kohortā ar virssvaru ĶMI 25–29,9 (kg/m²), 

analizēja asociāciju starp siekalu amilāzes aktivitāti, viscerālo tauku apjomu un  

triglicerīdu-glikozes indeksu. 12 nedēļu diētas intervencē, kur pētījuma dalībnieces tika 

stratificētas pēc siekalu amilāzes aktivitātes, tika novērotas atšķirīgas metabolas reakcijas, 

tostarp izmaiņas insulīna jutībā, GLP-1 sekrēcijā, adipokīnu līmeņos un glikozes homeostāzē, 

izmantojot kaloriju ierobežojumu un zema cietes satura diētu, tādējādi aktualizējot 

personalizētas uztura pieejas potenciālu metabolās veselības uzlabošanā. 

Šī pētījuma rezultāti tika publicēti trīs tematiski saistītos, recenzētos zinātniskos 

rakstos, kā arī divos pārskata rakstos. Pētījumā tika konstatēta spēcīga inversa saistība starp 

SAA un viscerālo tauku daudzumu, neatkarīgi no kopējās ķermeņa tauku masas, kas liecina, 

ka augstāka SAA var norādīt uz metaboliski veselīgāka tauku sadalījuma fenotipu. Lai gan 

viscerālie tauki pozitīvi korelēja ar triglicerīdu-glikozes (TyG) indeksu, netiešu insulīna 

rezistences marķieri, SAA neuzrādīja tiešu saistību ar TyG indeksu. Šie rezultāti apstiprina 

hipotēzi, ka SAA var ietekmēt glikozes regulāciju netieši, iespējams, modulējot tauku 

akumulāciju un cefāliskās fāzes insulīna dinamikas paternu, nevis tieši. Lai gan siekalu 

amilāzes aktivitātes (SAA) variabilitāti lielā mērā nosaka AMY1 gēna kopiju skaita variācija 

(CNV), to regulē arī adrenerģiskās nervu sistēmas aktivitāte, kuru daļēji iespējams modulēt ar 

dzīvesveida intervencēm. Šī saistība ir īpaši nozīmīga, jo autonomās nervu sistēmas disbalanss 

bieži tiek novērots personām ar aptaukošanos un metabolo sindromu, savukārt mērķtiecīgas 

dzīvesveida izmaiņas var veicināt šīs regulācijas atjaunošanos. 

Šī darba rezultāti izceļ SAA kā iespējamu neinvazīvu un praktiski pielietojamu agrīna 

skrīninga marķieri, lai identificētu indivīdus ar paaugstinātu metabolo risku, kā arī par noderīgu 

marķieri personalizētu dzīvesveida stratēģiju izstrādē, kas vērstas uz insulīna rezistences 

mazināšanu un ar aptaukošanos saistīto komplikāciju profilaksi. 
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Atslēgvārdi: siekalu amilāzes aktivitāte, virssvars, viscerālie tauki, glikozes 

homeostāze, insulīna rezistence, triglicerīdu-glikozes indekss, metabolā veselība, insulīna 

sekrēcijas cefāliskā fāze, diētas intervence. 
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Abbreviations used in the Thesis 

Akt (PKB)   Protein kinase B  
AMPK   Adenosine monophosphate-activated protein kinase   
AMY1   Amylase, alpha 1 gene   
BMI   Body mass index   
CTR   Control group   
DAG   Diacylglycerol   
FFA   Free fatty acid   
fMRI   Functional magnetic resonance imaging   
GDM   Gestational diabetes mellitus   
GIP   Glucose-dependent insulinotropic polypeptide   
GLP-1  Glucagon-like peptide-1   
GLP-1 (7-37)   Active glucagon-like peptide-1   
GLUT1   Glucose transporter type 1   
GLUT2   Glucose transporter type 2   
GPCRs   G protein-coupled receptors   
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   
JNK   c-Jun N-terminal kinase   
K-ATP   ATP-sensitive potassium channel   
LDL-C   low-density lipoprotein cholesterol   
LPS   Lipopolysaccharides   
LSA-CR   Low-salivary-amylase calorie restriction group   
LSA-LS   Low-salivary-amylase low-starch group   
MET   Metabolic equivalent task   
mTORC1   Mechanistic target of rapamycin   
PCR   Polymerase chain reaction   
PKCε   Protein kinase C epsilon isoform   
PLCβ2   Phospholipase C beta 2   
PYY   Peptide YY   
RBP4  Retinol-binding protein 4  
RNA  Ribonucleic acid  
SAA  Salivary amylase activity  
SCFA  Short-chain fatty acid  
SEM  Structural equation modelling  
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SGLT1  Sodium-glucose cotransporter 1  
SREBP-1c  Sterol regulatory element-binding protein 1c  
T0  Baseline  
T1  30 minutes after starch-containing muesli consumption  
T2  12 weeks post-intervention  
Tregs  Regulatory T cells  
TyG  Triglyceride-glucose index  
T1R2/T1R3  Taste receptor type 1, member 2/ Taste receptor type 1, member 3  
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, there is increasing interest in early, 

noninvasive 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 

α1,4glycosidic 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-Directed Decision-Making observational design with  

a crosssectional 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: 

1) Body mass index (BMI) 

2) Visceral fat percentage (VF %) 

2 Carbohydrate metabolism markers: 

1) Glucose 

2) C-peptide 

3) Active GLP-1 

4) Glucagon 

3 Insulin sensitivity and resistance markers: 

1) HOMA2-%S (insulin sensitivity) 

2) HOMA2-IR (insulin resistance) 

3) HOMA2-%B (beta-cell function) 

4) TyG – triglyceride-glucose 

4 Lipid profile: 

1) Total cholesterol 

2) Low-density lipoprotein (LDL) 

3) High-density lipoprotein (HDL) 

4) Triglycerides 

5 Circulating gut/metabolic markers: 

1) GDF15 

2) Leptin 

3) Butyrate 
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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.   

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 this Thesis include:   
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.   

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, 

this 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.   

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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Collectively, this 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.   

Personal Contribution   
The researcher was actively involved in all stages of the work presented in this Thesis. 

This included conceiving the research concept, defining the study objectives, and designing  

the experimental protocols investigating salivary amylase activity, visceral adiposity, and 

metabolic health parameters.  

Responsibility was taken for quality control of samples and standardisation of data 

collection procedures. Alongside this, direct participation was provided in participant 

recruitment, collection of saliva and blood samples, and storage of samples.  

All figures, tables, and visual materials were prepared by the researcher, in addition, 

five scientific publications were prepared as part of this work.  
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1 Literature Review 

1.1  Salivary Amylase and Its Biological Role 
Salivary α-amylase (SAA) is an enzyme predominantly secreted by the parotid glands, 

with additional contributions from the submandibular, sublingual, and numerous minor 

salivary glands distributed throughout the oral mucosa. While the parotid glands are the 

primary source of SAA during stimulated secretion, the baseline enzymatic activity, under 

resting conditions, is maintained by the continuous output of the submandibular and sublingual 

glands (Proctor & Carpenter, 2007). The enzyme is encoded by the AMY1 gene, which exhibits 

significant copy number variation (CNV) among individuals, influencing both  

the concentration and enzymatic activity of SAA (Carpenter al., 2017). Environmental factors, 

including psychological stress, circadian rhythm, and habitual dietary intake, further modulate 

SAA levels (Nater et al., 2007; Ali, N., & Nater 2020).   

Functionally, SAA catalyses the hydrolysis of α-1,4-glycosidic bonds in dietary starch, 

initiating its degradation into maltose, maltotriose, and other linear oligosaccharides. These are 

subsequently processed by brush border enzymes in the small intestine to form absorbable 

monosaccharides (Butterworth et al., 2011). This early-stage digestion not only contributes to  

the mechanical breakdown of food but also has significant metabolic implications, influencing 

postprandial glucose excursions and hormonal signalling (Mandel et al., 2012; Peyrot et al., 2016).   

1.2  Genetic Variability and Nutritional Adaptation 
Evolutionary evidence suggests that populations traditionally consuming high-starch 

diets possess increased AMY1 gene copy numbers and exhibit correspondingly elevated  

SAA activity (Perry et al., 2007). This genetic adaptation is posited to enhance preabsorptive 

carbohydrate digestion, reflecting dietary selection pressures. The inter-individual variability 

in SAA levels is therefore considered a marker of metabolic adaptation, potentially contributing 

to differences in glycaemic regulation and metabolic flexibility (Pérez-Ros et al., 2021).   

1.3  SAA and Postprandial Glycaemic Response 
Salivary amylase activity (SAA) plays a critical role in the initial digestion of dietary 

starch, influencing postprandial glycaemic and insulinemic responses. Individuals with higher 

SAA exhibit enhanced starch hydrolysis in the oral cavity, leading to increased production of 

maltose and other oligosaccharides. These smaller carbohydrate molecules are rapidly 

absorbed in the small intestine, resulting in a faster and more pronounced rise in postprandial 

blood glucose levels (Mandel et al., 2010; Farrell et al., 2021; Sekine et al., 2024). This process 

is thought to be mediated by pre-absorptive signalling mechanisms, where the early breakdown 

of starch triggers the release of incretin hormones such as glucagon-like peptide-1 (GLP-1) and 
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glucose-dependent insulinotropic peptide (GIP). These hormones enhance insulin secretion and 

contribute to glucose homeostasis (Mandel et al., 2010; Sekine et al., 2024).   

Furthermore, research suggests that individuals with low SAA may experience delayed 

starch digestion, leading to slower glucose absorption and a blunted glycaemic response.  

This variability in glycaemic response has been linked to differences in AMY1 gene copy 

number, which determines the level of salivary amylase production (Falchi et al., 2014). 

Studies have shown that individuals with a higher AMY1 copy number tend to have lower 

body mass index (BMI) and reduced risk of obesity, potentially due to their ability to efficiently 

metabolise starch and maintain better glycaemic control (Falchi et al., 2014; Mandel et al., 

2010).   

The relationship between SAA and postprandial glycaemic response is further 

supported by evidence from neuroendocrine studies. Enhanced oral starch hydrolysis has been 

shown to activate taste receptors and stimulate cephalic phase insulin release, which prepares 

the body for efficient glucose metabolism (Forde et al., 2013). This pre-absorptive signalling 

may also influence satiety and appetite regulation, highlighting the broader metabolic 

implications of SAA beyond glycaemic control (Figure 1.1).  

 
Figure 1.1 Proposed mechanism by which salivary α-amylase (SAA) 

activity influences glucose homeostasis  

1.4  SAA and Carbohydrate Metabolism Efficiency 
Individuals with higher SAA activity exhibit enhanced efficiency in starch digestion, 

which can influence postprandial glycaemic dynamics and insulin signalling. (Mandel et al., 

2012; Sekine at al 2024).   

In the oral cavity, sweet taste is detected by the T1R2/T1R3 heterodimer, a class C 

Gprotein-coupled receptor (GPCR) expressed on taste receptor cells (Perez-Aguilar et al., 

2019) Upon activation by glucose or sweet compounds, T1R2/T1R3 initiate signalling via 

gustducin and phospholipase Cβ2 (PLCβ2), leading to intracellular Ca²⁺ release and 
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neurotransmittermediated activation of gustatory pathways, contributing to cephalic-phase 

insulin responses(Lee et al 2017) .   

Beyond the tongue, T1R2/T1R3 are also expressed in the small intestine, particularly 

on enteroendocrine L-cells, where they function as luminal glucose sensors (Young et al., 

2009). Unlike glucose transporters, these receptors trigger GLP-1 secretion via intracellular 

Ca²⁺-dependent signalling, independent of glucose transport.   

Following oral and gastric digestion, glucose reaches the small intestine and is absorbed 

primarily via sodium-glucose cotransporter 1 (SGLT1), located on the apical membrane of 

enterocytes and L-cells in the duodenum and jejunum. SGLT1 mediates Na⁺coupled active 

glucose transport and also acts as a glucose sensor: electrogenic glucose uptake depolarises  

the membrane, induces Ca²⁺ influx, and stimulates GLP-1 release (Sun et al., 2017; Röder et al., 

2014).   

Glucose can also enter L-cells via GLUT2, a facilitative transporter on the basolateral 

membrane, enabling bidirectional transport depending on concentration gradients (Tagliavini 

et al.,2017). GLUT2 supports metabolic sensing by promoting intracellular ATP production 

and K-ATP channel regulation, indirectly enhancing GLP-1 synthesis and secretion.   

Together, T1R2/T1R3, SGLT1, and GLUT2 coordinate oral and intestinal glucose 

sensing to regulate incretin hormone release and maintain postprandial glucose homeostasis 

(Parker et al., 2012).  

Following oral and gastric digestion, glucose is absorbed in the small intestine primarily 

via the sodium-glucose cotransporter 1 (SGLT1), which is expressed on the apical membrane 

of enterocytes and enteroendocrine L-cells, particularly in the duodenum and jejunum. SGLT1 

not only mediates active glucose uptake by coupling it with sodium ions but also acts as  

a glucose sensor. By generating an electrogenic current, SGLT1 induces membrane 

depolarisation, leading to calcium influx and subsequent glucagon-like peptide-1 (GLP-1) 

secretion from L-cells (Sun et al., 2017; Röder et al., 2014).   

In addition to SGLT1, glucose can also enter L-cells via GLUT2, a facilitative 

transporter predominantly located on the basolateral membrane. GLUT2 allows bidirectional 

glucose movement depending on concentration gradients and contributes to metabolic sensing 

by promoting intracellular glucose metabolism, ATP production, and K_ATP channel 

modulation, indirectly supporting GLP-1 synthesis and secretion.   

GLP-1 plays a central role in postprandial glucose homeostasis by enhancing  

glucose-stimulated insulin secretion, delaying gastric emptying, and suppressing glucagon 

release, thus contributing to the incretin effect and maintaining euglycemia.   



17 

Enhanced starch digestion due to higher SAA activity leads to a more rapid and efficient 

glucose delivery to the small intestine, which may augment early-phase GLP-1 secretion and 

improve insulinotropic responses. This could explain the association between elevated SAA 

and a more favourable metabolic profile, including lower visceral fat accumulation, as 

observed in our study. Efficient postprandial glycaemic regulation may limit compensatory 

hyperinsulinemia and reduce insulin-driven lipogenesis, especially in visceral depots 

(Dimitriadis et al., 2021 ; Uehara et al., 2023).   

Moreover, recent evidence suggests that gut microbiota composition differs 

significantly between individuals with high and low SAA activity (Poole et al., 2019). 

HighSAA individuals tend to harbour more starch-utilising and butyrate-producing taxa, such 

as Ruminococcaceae and Faecalibacterium prausnitzii, while low-SAA individuals show an 

increased abundance of Bacteroides, which prefer simple sugars. Butyrate, a short-chain fatty 

acid produced via microbial fermentation of resistant starch, exerts beneficial metabolic effects, 

including improving insulin sensitivity, enhancing mitochondrial function in adipocytes, and 

reducing inflammation (Rampanelli, et al., 2025).   

These microbial differences may act in synergy with host amylase activity: higher SAA 

could reduce starch delivery to the colon, but favour rapid glucose availability and early satiety 

signalling, while still supporting butyrate production from undigested fractions. On the other 

hand, in low-SAA individuals, the slower and less efficient hydrolysis of starch may lead to 

increased colonic fermentation of unabsorbed polysaccharides, possibly altering SCFA profiles 

and impacting enteroendocrine signalling.   

Altogether, these data support the hypothesis that salivary amylase activity modulates 

carbohydrate metabolism not only through direct effects on glycaemic regulation via SGLT1 

and GLP-1 pathways but also indirectly through shaping the gut microbiota and its metabolic 

products such as butyrate. These mechanisms jointly contribute to the observed variability in 

visceral fat deposition and systemic insulin sensitivity, positioning SAA as a physiologically 

integrative marker at the interface of diet, digestion, and metabolic health.   

Salivary amylase activity is a key determinant of the rate of starch digestion and 

subsequent glucose absorption. In our study, elevated salivary amylase activity was found to 

facilitate rapid starch degradation, leading to faster glucose absorption and enhanced GLP-1 

secretion. GLP-1, an incretin hormone, is critical for glucose homeostasis as it promotes insulin 

secretion, inhibits glucagon release, and slows gastric emptying. Conversely, individuals with 

lower salivary amylase activity experience slower starch digestion, altered glycaemic 

responses, and potentially impaired GLP-1 dynamics. This variability underscores  

the importance of salivary amylase activity in shaping post-prandial glucose metabolism. 
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1.5  SAA and Insulin Sensitivity 
Recent studies have highlighted the potential link between SAA activity and insulin 

sensitivity, suggesting that variations in SAA activity may influence glucose metabolism and 

insulin dynamics, thereby impacting overall metabolic health.   

SAA activity has been associated with markers of insulin sensitivity, such as fasting 

insulin levels and homeostatic model assessment indices, including HOMA2-IR (insulin 

resistance) and HOMA2-%S (insulin sensitivity). Elevated SAA activity has been correlated 

with lower fasting insulin levels and improved HOMA2-IR scores, indicating enhanced insulin 

sensitivity and reduced insulin resistance (Locia-Morales et al., 2022). This relationship may 

be explained by the enzyme’s role in accelerating the breakdown of starch into glucose, which 

facilitates efficient glucose absorption and stimulates the secretion of incretin hormones, such 

as glucagon-like peptide-1 (GLP-1).4 GLP-1 enhances glucose-dependent insulin secretion, 

suppresses glucagon release, and improves beta-cell function, collectively contributing to 

better glycaemic control and insulin sensitivity (Holst et al., 2021; Yang et al., 2024).   

Moreover, individuals with higher SAA activity may exhibit a metabolically favourable 

phenotype characterised by reduced postprandial glucose variability, improved beta-cell 

responsiveness, and lower circulating C-peptide levels, which are indicative of reduced 

pancreatic stress (Bonnefond et al., 2017; Goh et al., 2023). These findings suggest that SAA 

activity could serve as a biomarker for identifying individuals with a predisposition to better 

glucose homeostasis and insulin sensitivity. Additionally, the variability in SAA activity 

among individuals may be influenced by genetic factors, such as copy number variations in  

the AMY1 gene, which encodes salivary amylase. Higher AMY1 copy numbers have been 

linked to increased SAA activity and improved metabolic outcomes, including lower body 

mass index (BMI) and reduced risk of obesity-related insulin resistance (Carpenter et al., 2017; 

Al-Akl et al., 2022).   

The mechanistic pathways linking SAA activity to insulin sensitivity are complex and 

multifactorial. Beyond its enzymatic role, SAA may influence the gut microbiota composition 

and the rate of carbohydrate digestion, both of which are critical determinants of postprandial 

glucose and insulin responses (Woolnough et al., 2010; Goh et al., 2023). Furthermore,  

the interplay between SAA activity and dietary composition, particularly the glycaemic index 

and starch content of consumed foods, may modulate the secretion of gut hormones and 

adipokines, further influencing insulin sensitivity and metabolic health (Sievenpiper et al., 

2020; Steven et al., 2016). 
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1.6  Visceral Adiposity and the Glucose-Triglyceride Index 
Visceral adiposity, characterised by the accumulation of visceral adipose tissue (VAT) 

around internal organs, is a well-established risk factor for metabolic syndrome, type 2 

diabetes, cardiovascular diseases, and other metabolic disorders (Wang et al., 2025; Guldan  

et al 2025). VAT is metabolically active and contributes to systemic inflammation, 

dyslipidaemia, and insulin resistance through the secretion of pro-inflammatory cytokines and 

adipokines (Després et al., 2001, Niculescu et al 2025). Unlike subcutaneous fat, VAT is more 

strongly associated with adverse metabolic outcomes due to its proximity to vital organs and 

its role in hepatic lipid metabolism. 

The triglyceride-glucose (TyG) index has gained attention as a reliable and 

costeffective surrogate marker for insulin resistance. It is calculated using fasting triglyceride 

and glucose levels, which are easily accessible in routine clinical practice (da Silva et al., 2019;  

Cabanillas-Lazo et al 2025). The TyG index has been shown to correlate strongly with 

hyperinsulinemic-euglycaemic clamp measurements, the gold standard for assessing insulin 

sensitivity (Simental-Mendía et al., 2008). This makes it a valuable tool for identifying 

individuals at risk of developing type 2 diabetes and cardiovascular diseases. 

Several studies have demonstrated a strong positive association between VAT and  

the TyG index. For instance, research has shown that higher TyG index values are linked to 

increased VAT volume, independent of body mass index (BMI), and other anthropometric 

markers (Er et al., 2016). This suggests that the TyG index may be particularly useful in 

identifying individuals with metabolically unhealthy obesity, even in those with a normal BMI. 

Furthermore, the TyG index has been associated with other markers of metabolic dysfunction, 

including elevated liver enzymes, increased arterial stiffness, and a higher prevalence of 

nonalcoholic fatty liver disease (NAFLD) (Zhang et al., 2017). 

The utility of the TyG index extends beyond its role as a marker of insulin resistance.  

It has been proposed as a predictor of cardiovascular events, with studies indicating that higher 

TyG index values are associated with an increased risk of coronary artery disease, myocardial 

infarction, and stroke (Samavarchitehrani et al., 2024). Additionally, the TyG index has been 

linked to the progression of atherosclerosis, as it reflects the interplay between dyslipidaemia 

and impaired glucose metabolism, both of which contribute to endothelial dysfunction and 

plaque formation (Zhao et al., 2022). 

In the context of visceral adiposity, the TyG index provides a non-invasive and 

costeffective method for assessing metabolic health and identifying individuals at risk for 

cardiometabolic diseases. Its simplicity and strong correlation with insulin resistance make it  

a valuable tool for both clinical practice and epidemiological studies. Future research should 
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focus on refining the index, exploring its predictive value in diverse populations, and 

integrating it into personalised medicine approaches for the prevention and management of 

metabolic disorders. 

1.7  SAA and Appetite Regulation 
Recent studies suggest a novel role for SAA in appetite and energy intake regulation. 

Higher salivary amylase activity has been associated with greater satiety, reduced hedonic 

responses to food, and altered brain activation in regions related to reward and food motivation 

(Schlezingerová et al., 2024; Hartoon et al., 2008). These effects may be mediated through  

the oral-brain-gut axis, whereby early carbohydrate sensing in the oral cavity modulates  

the secretion of appetite-regulating hormones such as ghrelin and influences hypothalamic 

responsiveness to food stimuli (Raka et al., 2019). Oral glucose perception activates afferent 

sensory patways that transmit sensory signals to the brainstem nuclei, which modulate 

orexinproducing neirons in lateral hypothalamus to coordinate cephalic-phase insulin secretion 

(Sakurai et al., 1998). This adds a behavioural and neuroendocrine dimension to the metabolic 

significance of SAA. 

1.7.1  SAA and Satiety 
Higher SAA levels have been linked to enhanced satiety and reduced caloric intake. 

This may be attributed to the rapid hydrolysis of starches in the oral cavity, leading to faster 

glucose absorption in the small intestine and subsequent modulation of gut hormones such as 

glucagon-like peptide-1 (GLP-1) and peptide YY (PYY) (Forde et al., 2013). These hormones 

are known to promote satiety by slowing gastric emptying and signalling fullness to the brain. 

Additionally, individuals with high SAA activity exhibit lower postprandial glucose variability, 

which may contribute to sustained satiety and reduced hunger (Mandel et al., 2010). 

1.7.2  SAA and Food Reward 
SAA also appears to influence hedonic responses to food. Studies using functional 

magnetic resonance imaging (fMRI) have shown that individuals with higher SAA activity 

exhibit reduced activation in brain regions associated with food reward, such as  

the orbitofrontal cortex and striatum, when exposed to high-calorie foods (Schlezingerová  

et al., 2024). This suggests that SAA may dampen the reward-driven motivation to consume 

energy-dense foods, potentially reducing the risk of overeating and obesity. 
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1.7.3  Oral–Brain- Gut Axis 
The oral–brain- gut axis provides a mechanistic framework for understanding how SAA 

influences appetite regulation. The enzymatic breakdown of starches in the oral cavity 

generates oligosaccharides that interact with taste receptors, particularly the sweet taste 

receptor (T1R2/T1R3). This interaction triggers neural signals via the vagus nerve to  

the hypothalamus, a key brain region involved in appetite control (Wang et al.,2024) 

Furthermore, the products of starch digestion in the gut stimulate the release of incretin 

hormones, which enhance insulin secretion and suppress appetite (Figure 1.2). 

 
Figure 1.2 SAA and appetite regulation 

1.7.4 Genetic Variability in SAA and Appetite 
Genetic polymorphisms in the AMY1 gene, which encode salivary amylase, result in 

significant interindividual variability in SAA levels. Individuals with higher AMY1 copy 

numbers tend to have greater SAA activity, which has been associated with lower body mass 

index (BMI) and reduced risk of obesity (Falchi et al., 2014). This genetic predisposition may 

influence dietary preferences and metabolic responses, highlighting the potential for 

personalised nutrition strategies based on SAA levels. 
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1.8 Methodological Considerations in Measuring SAA 
The assessment of salivary amylase activity (SAA) has garnered significant research 

interest due to its potential role in metabolic and appetite regulation. However, methodological 

variability remains a critical challenge in ensuring accurate and reliable measurements. 

Commonly employed techniques include enzymatic activity assays, protein quantification 

methods, and gene copy number estimation. While enzymatic assays are widely used for their 

ability to measure functional activity, they often face limitations in sensitivity and specificity, 

particularly when saliva samples are not standardised or contain interfering substances  

(Park et al., 2008). Protein quantification methods, such as immunoassays, provide insights 

into the concentration of salivary amylase but may not reflect its enzymatic activity, which is 

crucial for understanding its physiological role. Gene copy number estimation, typically 

performed using quantitative PCR, offers valuable information on genetic predisposition but 

does not account for environmental factors influencing SAA levels (Tangesart et al., 2019). 

Additionally, variability in saliva collection methods further complicates  

the measurement of SAA. Factors such as the time of day, fasting state, hydration levels, and 

the use of stimulated versus unstimulated saliva can significantly influence SAA activity and 

concentration. For instance, stimulated saliva collection may yield higher volumes but dilute 

enzyme concentrations, whereas unstimulated saliva may provide more consistent results but 

lower sample volumes. These inconsistencies highlight the need for standardised protocols to 

minimise variability and improve the reproducibility of SAA measurements. 

Recent advancements, such as mass spectrometry-based proteomics, have shown 

promise in providing detailed insights into enzyme structure and function, while microfluidic 

platforms offer potential for high-throughput, cost-effective, and rapid SAA measurement 

(Park et al., 2023; Tangesart et al., 2019). Additionally, integrating machine learning 

algorithms with these technologies could further improve data analysis and predictive 

modelling, paving the way for more precise and personalised applications in metabolic health 

research (Schlezingerová et al., 2024; Forde et al., 2013). 

1.9  Summary and Knowledge Gaps 
Cumulative evidence underscores the integrative role of salivary amylase in 

carbohydrate metabolism, insulin regulation, and adiposity. The associations between SAA, 

postprandial glucose dynamics, and insulin sensitivity position it as a potentially valuable 

biomarker for metabolic health. However, key mechanistic questions remain unresolved. 

Notably, the lack of direct correlation between SAA and the TyG index, despite shared 

associations with visceral fat, suggests differential or compartmentalised effects on  

glucose-lipid metabolism. 
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Importantly, most existing studies focus on general populations, with limited data on 

high-risk groups such as reproductive-aged women with overweight or obesity, individuals 

particularly susceptible to insulin resistance and metabolic syndrome and a heightened risk of 

developing gestational diabetes mellitus (GDM). Our research addresses this gap by 

investigating SAA as a potential non-invasive marker of metabolic health in this understudied 

cohort, with implications for early identification and personalised intervention strategies.  

This population is characterised by an increased susceptibility to insulin resistance, metabolic 

syndrome, and a heightened risk of developing gestational diabetes mellitus (GDM). The 

occurrence of GDM is of particular clinical relevance, as it not only compromises maternal 

metabolic health but also contributes to an adverse intrauterine environment capable of 

inducing epigenetic modifications that predispose the offspring to metabolic dysregulation. 
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2 Material and Methods 

This PhD project is based on a single, well-characterised cohort of overweight women 

of reproductive age who participated in a structured 12-week dietary intervention trial.  

The primary objective of this trial was to investigate metabolic outcomes in response to dietary 

modifications, specifically in individuals with varying levels of salivary amylase activity, with 

a particular focus on glucose homeostasis and adipose tissue metabolism. The current Thesis 

integrates data previously published in the following peer-reviewed studies, each examining 

different yet complementary dimensions of the research focus: 

• “Impact of a 12-Week Dietary Intervention on Adipose Tissue Metabolic Markers 

in Overweight Women of Reproductive Age”, 

• “The Link Between Salivary Amylase Activity, Overweight, and Glucose 

Homeostasis”, 

• “Decoding Metabolic Connections: The Role of Salivary Amylase Activity in 

Modulating Visceral Fat and Triglyceride Glucose Index”. 

The studies were interconnected within a broader research framework, each exploring 

specific aspects of the investigation while adhering to the same recruitment processes, sampling 

techniques, and ethical guidelines. The study was approved by the Research Ethics Committee 

of Rīga Stradiņš University (protocol number 22 − 2/479/2021), and informed written consent 

was obtained from all participants. 

2.1 Study Design and Participants 
The participants in this study were healthy volunteers, who were recruited through 

routine health check-up programs. Inclusion criteria ensured that all participants were free from 

any diagnosed chronic diseases or conditions that could interfere with the study outcomes.  

In total, 67 women aged 18–45 years were enrolled, of whom 60 were overweight  

(BMI 25–29.9 kg/m²) and 7 had normal body weight (BMI 18.5–24.9 kg/m²) and served as  

the control group (Table 2.1). 

Table 2.1 

Baseline Characteristics of Study Population 

Characteristics Mean ± SD / Median (IQR) Range n (%) 

Age (years)   29.18 ± 3.58 18–45 – 
Gender – (Female)   67 – – 

BMI (kg/m²)   27.8 ± 2.1 20.1–29.9 – 
VF %   15.3 (12.1–18.5) 10.0–25.0 – 

SAA (U/mL)   27.77 (10.64–56.24) 10.64–56.24 – 
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Table 2.1 continued  

Characteristics Mean ± SD / Median (IQR) Range n (%) 

TyG Index   4.425  4.050–5.110  –  

Physical activity   –  –  
Sedentary:15 (22)  
Moderate: 35 (52)  
Vigorous: 17 (26)  

Diet   –  –  Low starch: 30(50)  
Calorie restriction: 30(50)  

Adherence to 
prescribed diet   85 ± 10  60–100  –  

   
Exclusion criteria included diagnosed diabetes mellitus, endocrine disorders, use of 

insulin-sensitising or lipid-lowering medications, pregnancy or lactation, recent infections, or 

antibiotic use within the past 3 months. Participants underwent baseline and post-intervention 

assessments over a 12-week period during which dietary intake was controlled and monitored. 

2.1.1 Justification for a Physician-Directed Decision-Making Observation Design 
This study employed a physician-directed decision-making observational design with  

a cross-sectional analysis component to evaluate the impact of dietary interventions on 

metabolic markers in overweight women of reproductive age. Group allocation was determined 

by clinical decision-making, with the treating physician assigning participants to study groups 

based on individual characteristics and clinical considerations. 

By using a physician-guided allocation, the study captured clinically relevant effects of 

dietary interventions while considering confounding factors such as baseline diet, physical 

activity, and individual metabolic profiles. 

Through this design, the study provides meaningful insights into the role of SAA in 

metabolic health and the potential effectiveness of personalised nutrition strategies in routine 

clinical practice. 

2.1.2 Sample size Calculation 
The study included a total of 60 participants, distributed across four experimental 

groups with 15 participants each and one control group with 7 participants. The sample size 

was determined based on the availability of participants recruited through routine  

health check-up programs. 

Statistical power calculations were performed to estimate the ideal sample size for 

detecting a medium effect size (Cohen’s d = 0.5) with a power of 0.8 and an alpha level of 

0.05. Using these parameters, the required sample size for a two-tailed test would be 

approximately 64 participants per group, as calculated using GPower software. However, due 
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to practical constraints, the study was conducted with a smaller sample size, which is 

acknowledged as a limitation. 

The reduced sample size, particularly in the control group, may have implications for 

the statistical power of the study. With fewer participants, the ability to detect statistically 

significant differences is diminished, increasing the likelihood of Type II errors (failing to 

detect a true effect). This limitation should be considered when interpreting the results, as  

the findings may be less generalizable and require validation in future studies with larger and 

more balanced sample sizes. It should be clearly emphasised that this study has a pilot or 

exploratory nature, and the findings should be interpreted as preliminary, requiring validation 

in a larger cohort. The potential reduction in statistical power resulting from this correction was 

also taken into account when interpreting the results. Despite these constraints, the study 

provides valuable preliminary insights into the relationships between salivary amylase activity, 

dietary interventions, and metabolic outcomes. 

2.2. Study Groups 
Participants were classified into two groups based on baseline salivary amylase activity: 

1 High Salivary Amylase (HSA) 

2 Low Salivary Amylase (LSA) 

Each group was further subdivided into two dietary intervention groups: 

1 Calorie Restriction (CR): Daily caloric intake reduced by 500 kcal 

2 Low-Starch Diet (LS): Daily starch intake limited to < 50 g This resulted in four 

intervention subgroups: 

2.1 HSA-CR: High salary amylase, calorie restriction. 

2.2 HSA-LS: High salivary amylase, low-starch diet 

2.3 LSA-CR: Low salivary amylase, calorie restriction 

2.4 LSA-LS: Low salivary amylase, low-starch diet 

Additionally, a control group (CTR) of 7 normal-weight individuals was included, with 

no dietary intervention. 

2.3  Dietary Interventions   
Participants were randomly assigned to one of two dietary intervention groups for  

a duration of 12 weeks: 

1 Low-Starch Diet Group (LS): Participants followed a diet emphasising  

lowglycaemic-index vegetables, proteins, and healthy fats, with daily starch intake 

limited to less than 50 g. 
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2 Caloric Restriction Group (CR): Participants reduced their daily caloric intake by 

500 kcal from their estimated energy requirement, calculated based on  

the HarrisBenedict equation (Table 2.2). 

Table 2.2  

Macronutrient and Micronutrient Composition of Dietary Interventions   

Nutrients Low-Starch Diet 
(per day) 

Calorie-Restricted Diet 
(per day) 

Energy (kcal)  ~1800 ~1200 
Carbohydrates (%)  25–30 40–45 
Carbohydrates (g)  110–135 120–150 
Starch (g)  < 50 70–90 
Sugars (g)  40–50 45–55 
Fibre (g)  25–35 20–30 
Protein (%)  25–30 20–25 
Protein (g)  110–135 70–90 
Fat (%)  40–45 30–35 
Fat (g)  80–100 40–60 
Saturated fat (g)  15–20 10–15 
Monounsaturated fat (g)  30–40 15–25 
Polyunsaturated fat (g)  15–20 10–15 
Omega-3 (g)  1.5–2.5 1.0–2.0 
Omega-6 (g)  8–12 6–10 
Cholesterol (mg)  < 300 < 200 
Sodium (mg)  2000–2500 1500–2000 
Potassium (mg)  3500–4000 3000–3500 
Calcium (mg)  1000–1200 900–1100 
Magnesium (mg)  350–450 300–400 
Iron (mg)  12–15 10–12 
Zinc (mg)  10–12 8–10 
Vitamin C (mg)  75–100 60–80 
Vitamin D (IU)  800–1000 600–800 
Vitamin B12 (µg)  2.4–3.0 2.0–2.5 

  

Dietary Intake Assessment 
Dietary intake was evaluated using a Food Frequency Questionnaire (FFQ), which was 

administered to all participants. The FFQ collected detailed information on the frequency and 

quantity of food consumption over a study period. The macronutrient and micronutrient 

composition of the reported dietary intake was analysed using the Fineli database,  

a comprehensive nutritional database that provides accurate nutrient profiles for various food items. 
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Adherence to the diet can be measured by comparing the reported dietary intake with 

the prescribed dietary intervention (e. g. low-starch or calorie-restricted diet) and assessing 

how closely participants followed the recommended nutrient composition by endocrinologist. 

2.4  Physical Activity Assessment 
The physical activity levels of the participants were assessed using the International 

Physical Activity Questionnaire (IPAQ). The data collected through the questionnaire were 

expressed as metabolic equivalent task (MET) minutes per week, which is a standardised 

measure of energy expenditure. MET minutes were calculated based on the frequency, 

duration, and intensity of physical activities reported by the participants. This information was 

used to categorise participants into sedentary, moderate, or vigorous physical activity levels. 

Based on the IPAQ scoring protocol, participants were categorised into the following groups: 

• Sedentary: < 600 MET-min/week 

• Moderate: 600–3000 MET-min/week 

• Vigorous: >3000 MET-min/week. 

2.5  Salivary Amylase Activity Assessment 
Unstimulated whole saliva samples were collected in the morning between 08:00 and 

08:30 following an overnight fast (≥ 10 h) to minimise diurnal and dietary variability. 

Participants were instructed to avoid eating, drinking (except water), smoking, or oral hygiene 

activities for at least one hour prior to sampling. Saliva was allowed to accumulate in the mouth 

and then passively drooled into sterile polypropylene tubes over a 5-minute period.  

The supernatant was aliquoted and stored at −80 °C until analysis. 

Salivary α-amylase activity was determined using the Salimetrics αAmylase Activity 

Assay Kit (Salimetrics LLC, State College, PA, USA; Catalog No. 1-1902), following  

the manufacturer’s protocol. This kinetic colorimetric assay is based on the cleavage of  

a chromogenic substrate, 2-chloro-p-nitrophenol linked with maltotriose (CNPG3), by 

αamylase. The enzymatic activity is proportional to the rate of increase in absorbance at 405 nm, 

which was measured using a microplate spectrophotometer (e. g. BioTek Synergy HTX, USA). 

Results were expressed in units per millilitre (U/mL) of saliva. The inclusion of triplicate saliva 

collections ensured the robustness and reproducibility of the data, minimising potential 

variability in the measurement process. To account for interindividual variability, participants 

were stratified into high-salivary-amylase (HSA) and low-salivary-amylase (LSA) groups 

based on the median split of the measured amylase activity values. 
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2.6 Visceral Fat Measurement 
Visceral adiposity was quantified using multifrequency bioelectrical impedance 

analysis (BIA) with an Omron BF511 device (Omron Healthcare, Kyoto, Japan). The BIA 

technique estimates body composition by measuring the resistance and reactance of body 

tissues to an alternating electrical current of low amplitude. The device integrates impedance 

data with anthropometric parameters (height, weight, age, and sex) to generate a visceral fat 

index, which reflects the relative accumulation of adipose tissue in the abdominal cavity. 

The Omron BF511 device has been validated against gold-standard methods for body 

composition analysis, such as dual-energy X-ray absorptiometry (DXA) and magnetic 

resonance imaging (MRI), in previous studies (Kovács et al., 2025; Sanca et al., 2024). These 

validations have demonstrated that the device provides reliable and accurate estimates of 

visceral fat, making it suitable for use in clinical and research settings. While BIA may not 

achieve the precision of imaging techniques, it offers a practical, non-invasive, and 

costeffective alternative for large-scale studies, particularly in populations where accessibility 

to advanced imaging modalities is limited. 

All measurements were performed under standardised conditions in the morning, 

following an overnight fast (minimum 10 hours), with participants barefoot and standing 

upright while maintaining light contact with both hand and foot electrodes. To minimise 

measurement variability, participants were instructed to avoid strenuous physical activity, 

alcohol consumption, and excessive fluid intake for at least 24 hours prior to assessment. 

2.7  Biochemical and Hormonal Analyses 
Fasting blood samples were collected at three time points: baseline (T0), 30 minutes 

after consuming starch-containing muesli (T1), and after the 12-week dietary intervention (T2). 

The following metabolic markers were analysed: 

• Active GLP-1: Measured using a GLP-1 (Active) ELISA kit (Millipore, Billerica, 

MA, USA). 

• C-peptide: Assessed using a chemiluminescent immunoassay kit (IMMULITE 2000, 

Siemens Healthineers, Erlangen, Germany). 

• Glucagon: Measured using the Glucagon ELISA Kit (Cat. No. EZGLU-30K,   

• Millipore Sigma, Burlington, MA, USA). 

• Leptin: Measured using multiplex immunoassay (Luminex, Austin, TX, USA).   

• GDF-15: Quantified using ELISA kits (R&D Systems, Minneapolis, MN, USA). 

• Triglycerides: Measured using an enzymatic colorimetric method with a commercial 

kit (Roche Diagnostics, Basel, Switzerland). 
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Use of Starch-Containing Muesli (T1) 
Purpose: A starch-containing muesli was used as a standardised test meal to evaluate  

the acute metabolic response to dietary starch intake. This test meal enabled the measurement of 

postprandial changes in metabolic markers, including glucose, active GLP-1, and leptin dynamics. 

Composition: The muesli provided 50 grams of starch as the primary carbohydrate 

source, ensuring a controlled and consistent stimulus for assessing the effects of salivary 

amylase activity on starch digestion and subsequent metabolic responses. 

2.8.  Insulin Sensitivity, β-Cell Functional Capacity, and Insulin 

Resistance Assessment 
Insulin sensitivity, β-cell functional Capacity, and insulin resistance were evaluated 

using the Homeostatic Model Assessment (HOMA), calculated from fasting plasma glucose 

and peptide concentrations. The indices were derived using the HOMA2 Calculator (version 

2.2.3; Diabetes Trials Unit, University of Oxford, UK), which accounts for the nonlinear 

relationship between glucose and insulin to provide updated estimates of HOMA2-%S (insulin 

sensitivity), HOMA2-%B (β-cell function), and HOMA2-IR (insulin resistance). 

2.8.1  Insulin Resistance Assessment. Triglyceride-glucose (TyG) index  
The study utilised the triglyceride-glucose (TyG) index as a marker for insulin 

resistance instead of the Homeostasis Model Assessment of Insulin Resistance (HOMAIR) due 

to its established reliability and practicality in assessing insulin resistance in overweight 

individuals. The TyG index is calculated using fasting triglyceride and glucose levels, which 

are easily obtainable and less influenced by external factors such as stress or circadian rhythms 

compared to fasting insulin levels required for HOMA-IR. 

Additionally, the TyG index has been validated as a robust surrogate marker for insulin 

resistance and has shown strong correlations with visceral fat, a key metabolic risk factor.  

In contrast, HOMA-IR, while widely used, requires fasting insulin/c-peptide measurements, 

which can be more variable and less accessible in certain settings. The choice of TyG index 

aligns with the study’s focus on visceral adiposity and its role in mediating the relationship 

between salivary amylase activity (SAA) and metabolic health outcomes. 

2.8.2  Triglyceride–Glucose Index Calculation 
The triglyceride–glucose (TyG) index was calculated using a glucose–triglyceride 

calculator, with fasting glucose and triglyceride concentrations entered in mmol/L, 

corresponding to the measurement units used in the Health Centre 4 (Veselības Centrs 4) 

laboratory. 
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This formula is an adaptation of the original calculation based on mg/dl units: 

TyG index = ln (fasting triglycerides (mg/dl) × fasting glucose (mg/dl)/2 refer to 

Guerrero Romero et al. 

To ensure consistency with the original method, we utilised direct calculations in 

mmol/L, thereby avoiding unit conversion. 

2.9  Statistical Analysis 
All statistical analyses were conducted using GraphPrism 10 and R software  

(version v4.4.2). Normality of continuous variables was assessed using the Shapiro-Wilk test. 

Non-parametric tests were employed due to the non-normal distribution of data: 

• Descriptive Statistics: Median and interquartile range (IQR) calculated for each 

variable. 

• Group Comparisons: Kruskal–Wallis H test with Dunn’s post hoc test for pairwise 

comparisons. 

• Within-Group Comparisons: Wilcoxon signed rank test for changes over time. 

• Correlation Analysis: Spearman’s rank correlation coefficients to assess 

relationships between salivary amylase activity and metabolic marker 

• Multivariate linear regression models were adjusted for potential confounders, 

including age, BMI, and dietary intake. A two-tailed p-value < 0.05 was considered 

statistically significant. 

2.9.1  Impact of a 12-Week Dietary Intervention on Adipose Tissue 
Metabolic Markers in Overweight Women of Reproductive Age 
Statistical analyses were conducted using non-parametric methods, which were 

appropriate due to the relatively small sample size and the non-normal distribution of several 

variables, as confirmed by preliminary data exploration. 

• Within-Group Comparisons: The Wilcoxon signed-rank test was employed to 

evaluate changes within groups over time. This test is robust for paired data and does 

not require the assumption of normality, making it suitable for assessing the effects 

of dietary interventions on metabolic markers within each group. 

• Between-Group Comparisons: The Kruskal–Wallis H test was used to compare 

differences across multiple independent groups. This test is suitable for nonnormally 

distributed data and allows for the comparison of dietary intervention effects 

between groups classified by salivary amylase activity and dietary strategy. 

• Post Hoc Analyses: Where significant differences were identified in  

the Kruskal–Wallis H test, Dunn’s test with Bonferroni correction was applied to 
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control for Type I errors associated with multiple comparisons. This ensured  

the reliability and validity of the results. 

• Correlation Analysis: Spearman’s rank correlation coefficients were calculated to 

assess the relationships between salivary amylase activity and relevant metabolic 

markers. This method was chosen for its ability to evaluate monotonic relationships 

without requiring normality in the data. 

• A p-value < 0.05 was considered statistically significant for all analyses. These 

statistical methods were selected to ensure robust and reliable evaluation of  

the effects of dietary interventions on adipose tissue metabolic markers and their 

associations with salivary amylase activity. 

2.9.2  The Link between Salivary Amylase Activity, Overweight, 
and Glucose Homeostasis 
• Normality Assessment: The Shapiro–Wilk test was used to assess the normality of 

continuous variables, including salivary amylase activity and butyrate concentration. 

Significant deviations from normality were observed for these variables, 

necessitating the use of non-parametric statistical methods. 

• Correlation Analysis: Spearman’s rank correlation coefficient (ρ) was employed to 

evaluate the association between salivary amylase activity and butyrate levels. This 

method was chosen due to its suitability for non-normally distributed data and its 

ability to assess monotonic relationships. 

• Data Presentation: Continuous variables were summarised as medians with 

interquartile ranges (IQR) to account for non-normal distributions. 

• Group Comparisons: Differences in baseline salivary amylase activity and butyrate 

concentrations between groups were analysed using the Mann–Whitney U test,  

a nonparametric test appropriate for comparing two independent groups.   

• Regression Analysis: To investigate the relationship between salivary amylase 

activity and insulin sensitivity, linear regression analysis was performed with 

HOMA-2%S (Homeostatic Model Assessment of Insulin Sensitivity) as  

the dependent variable. This approach allowed for the evaluation of predictive 

relationships while accounting for continuous data characteristics. 

• Multiple Comparisons: For group comparisons involving more than two groups,  

the Kruskal–Wallis H test was applied. Post hoc pairwise comparisons were 

conducted using Dunn’s test with Bonferroni correction to control for Type I errors. 

• Significance Threshold: A p-value < 0.05 was considered statistically significant for 

all analyses. 
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2.9.3  Decoding Metabolic Connections: The Role of Salivary Amylase Activity in 
Modulating Visceral Fat and Triglyceride Glucose Index 
To examine the associations between salivary amylase activity (SAA), visceral fat 

percentage (VF %), and the triglyceride-glucose (TyG) index, multivariable linear regression 

models were employed. These models were adjusted for potential confounders, including age, 

body mass index (BMI), physical activity, and dietary intake. 

Regression Model Specification 

The regression model was defined as: 

Y = β₀ + β₁X + β₂C + ε 

• Y represents the dependent variable (VF % or TyG index). 

• X is the independent variable (SAA). 

• C represents covariates (age, BMI, physical activity, and dietary intake).   

• ε is the error term. 

The strength of association was reported using standardised regression coefficients (β), 95 % 

confidence intervals (CI), and p-values. Effect sizes were interpreted according to Cohen’s guidelines: 

• β ≥ 0.1: Small effect. 

• β ≥ 0.3: Moderate effect. 

• β ≥ 0.5: Large effect. 

Mediation Analysis 

To assess whether VF % mediates the relationship between SAA and the TyG index, 

structural equation modelling (SEM) was conducted using the lavaan package in R.  

The mediation model estimated the following effects: 

• Total Effect (c): The overall relationship between SAA and the TyG index.   

• Direct Effect (c′): The direct association between SAA and the TyG index, 

independent of VF %. 

• Indirect Effect (a × b): The mediated effect of SAA on the TyG index through VF %. 

• Bootstrapping with 5,000 resamples was used to derive bias-corrected 95 % 

confidence intervals (BCa 95 % CI). A mediation effect was considered statistically 

significant if the 95 % CI of the indirect effect did not include zero. 

The proportion of mediation was calculated as:  

Proportion of Mediation = (a × b) / c 

• a represents the effect of SAA on VF %. 
• b represents the effect of VF % on the TyG index. 
• c represents the total effect of SAA on the TyG index 
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2.10  Visualisation of Study Design 
This study was an observational study with a cross-sectional analysis component, 

designed to evaluate the impact of dietary interventions on metabolic markers in overweight 

women of reproductive age. Group allocation was based on clinical decision-making, with  

the treating physician determining the assignment of participants to study groups. 

The study design is summarised in Figure 2.1. 

 
Figure 2.1 Flowchart of Study Design 

Participants (n = 67; age 18–45 years), including 60 overweight women  (BMI 25–29.9 

kg/m²) and 7 normal-weight women (BMI 18.5–24.9 kg/m²), were classified according to 

salivary amylase activity into high (HSA) and low (LSA) SAA groups. Each SAA group was 

further subdivided into a calorie restriction (CR; −500 kcal/day based on the Harris– Benedict 

equation) or a low-starch (LS; < 50 g starch/day) dietary intervention subgroup. The seven 

normal-weight participants served as the control group (CTR). Assessments were performed at 

three time points: T0 (baseline), T1 (30 min after starch-containing meal), and T2 (12 weeks 

post-intervention). The cross-sectional analysis examined associations between SAA, visceral 

fat, and the TyG index at T2, adjusted for age, BMI, physical activity, and diet. 
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3 Discussion 

3.1  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. 

3.1.1  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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3.1.2  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 

GLP1 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 

3.2  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. 

3.3  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 (Jenkins et 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). 

3.4  Visceral Fat and 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 
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tissue (VAT) is 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 remodelling 

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 protein1 

(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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3.5  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. 

3.6  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. 

3.7  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. 

3.8  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. 
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3.9  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 (HOMA2-IR) and  

the triglycerideglucose (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. 

3.9.1  Complementary Roles of TyG Index and HOMA2-IR 
The TyG index and HOMA2-IR represent two different approaches to assessing insulin 

resistance: 

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 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.   

HOMA2-IR: HOMA2-IR, derived from fasting glucose and insulin/ 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 (Table 3.1).
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3.9.2  Validation and Robustness of Findings 

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. 

3.10  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. 
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3.11  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 

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. 
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3.12  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 was designed as an observational Doctor  

Decision-Making trial, in which diet allocation was guided by clinical parameters, 

the findings provide insights into associations but do not establish direct causality 

between salivary amylase activity, visceral fat, and glucose homeostasis. While 

associations were observed, additional long-term studies and mechanistic 

investigations are needed to confirm and further elucidate these causal pathways. 

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. 

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

food diaries, which are prone to inaccuracies, underreporting, or recall bias. 

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. 

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

(GDF15) remained unchanged following dietary intervention. Understanding the physiological 

and methodological factors underlying this stability is important for the interpretation of 

metabolic outcomes. 

3.13.1  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 observation is consistent with the finding that the intervention primarily influenced 

lipid metabolism by reducing triglycerides, as evidenced by alterations in the TyG index, rather 

than significantly impacting 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. 
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3.13.2  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 

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. 

3.13.3  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. 

3.14  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. 

3.14.1  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. 
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3.14.2  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. 

3.14.3  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. 

3.14.4  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. 

3.14.5  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. 

3.14.6  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. 
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3.14.7  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 

SAAmediated 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. 
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Proposals 

1. Personalised Dietary Interventions 

Tailoring Diets Based on Salivary Amylase Activity: The studies propose personalised 

nutrition strategies based on individual salivary amylase activity levels. For example: 

• Women with high salivary amylase activity may benefit more from calorie-restricted 

diets, as these improve insulin sensitivity and reduce visceral fat. 

• Women with low salivary amylase activity may experience better glycaemic control 

and increased butyrate production on low-starch diets. 

Dietary Fibre and Butyrate Production: Increasing dietary fibre intake is recommended 

to enhance butyrate production, which improves insulin sensitivity and metabolic health.  

Specific fibres like inulin, pectin, and resistant starch are highlighted. 

2. Use of Salivary Amylase Activity as a Biomarker 

• Predicting Metabolic Health: Salivary amylase activity is proposed as a potential 

biomarker for assessing metabolic health, including insulin sensitivity and visceral 

fat levels. 

• Genetic Screening: The AMY1 gene copy number, which influences salivary 

amylase activity, could be used to identify individuals who may benefit from specific 

dietary interventions. 

3. Targeting Visceral Fat for Metabolic Health 

Reducing Visceral Fat: The studies emphasise the importance of targeting visceral fat 

as a mediator of metabolic health. Higher salivary amylase activity is associated with reduced 

visceral fat, which indirectly improves insulin sensitivity and reduces the triglyceride-glucose 

(TyG) index. 

4. Long-Term and Mechanistic Studies 

• Sustainability of Dietary Interventions: Future research 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. 

• Exploring Mechanisms: More studies are needed to understand the molecular and 

cellular mechanisms through which salivary amylase activity and dietary 

interventions affect metabolic markers. 
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5. Clinical Applications 

• Dietary Modifications: The findings suggest that dietary interventions, such as  

low-starch diets and calorie restriction, can be effective strategies for improving 

metabolic health in overweight women of reproductive age. 

• Metabolic Risk Prediction: Measuring salivary amylase activity in clinical settings 

could help identify individuals at risk for metabolic disorders, enabling early 

intervention. 

6. Future Research Directions 

To advance the understanding of salivary amylase activity (SAA) as a critical 

modulator of metabolic health, future research should adopt integrative and multidisciplinary 

approaches. These should encompass genetic, physiological, molecular, and environmental 

analyses across diverse populations to uncover the complex interactions between SAA and 

metabolic processes. Below are specific areas for future exploration: 

6.1. Postprandial Glucose–Insulin Dynamics 

Future studies should focus on elucidating the role of SAA in postprandial glycaemic 

and insulinemic responses, particularly its impact on starch hydrolysis and glucose absorption. 

Employing continuous glucose monitoring systems and standardised meal tests, stratified by 

SAA activity levels, will allow for precise characterisation of glucose–insulin kinetics.  

This approach can help identify enzymatic variability and its implications for personalised 

dietary interventions aimed at optimising glycaemic control. 

6.2. Genetic and Autonomic Regulation 

A deeper investigation into the genetic determinants of SAA production is essential. 

Advanced genomic sequencing techniques should be utilised to quantify AMY1 gene copy 

number and explore its association with SAA variability and metabolic health. Additionally, 

the role of autonomic regulation in SAA secretion warrants further study. Biomarkers such as 

heart rate variability (HRV) and salivary cortisol levels can be used to assess the influence of 

sympathetic nervous system activation on SAA production. 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 effects. 

6.3. Microbiome and Gut–Oral Axis Interactions 

Emerging evidence suggests that salivary amylase activity may influence  

the composition and function of the gut microbiome, which plays a pivotal role in metabolic 

health. Future research should investigate the bidirectional interactions between the oral and 

gut microbiomes, focusing on how SAA-mediated starch hydrolysis impacts microbial 
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diversity, short-chain fatty acid production, and overall gut health. Metagenomic and 

metabolomic analyses could provide valuable insights into these complex relationships. 

6.4. Interventional and Causal Designs 

To establish causality, future studies should employ randomised controlled trials and 

longitudinal designs to assess the direct impact of SAA on metabolic health outcomes. 

Interventional studies that manipulate SAA levels through dietary or pharmacological means 

could help clarify its role in metabolic regulation. Additionally, exploring the effects of SAA 

modulation on specific populations, such as individuals with metabolic syndrome or type 2 

diabetes, could provide targeted therapeutic strategies. 

6.5. Validation in Diverse Populations 

Given the variability in SAA activity across different ethnicities, age groups, and health 

statuses, future research should prioritise studies with larger and more diverse cohorts.  

This will ensure the generalizability of findings and help identify population-specific patterns 

in SAA activity and its metabolic implications. 

6.6. Molecular Mechanisms and Hormonal Pathways 

Future research should delve into the molecular mechanisms underlying SAA’s role in 

metabolic health. This includes investigating its influence on hormonal pathways, such as 

GLP-1 secretion, insulin signalling, and glucagon regulation. Techniques such as RNA 

sequencing and proteomics could be employed to identify key genes and proteins involved in 

these processes, providing a deeper understanding of how SAA modulates metabolic outcomes. 

This expanded version provides a detailed roadmap for future research, emphasising 

the importance of personalised approaches, advanced methodologies, and diverse populations 

to fully understand the role of salivary amylase activity in metabolic health. 
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