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Resumo 

Introdução: O cancro colorectal é considerado a segunda causa de morte 

relacionada com o cancro. Visto que a maioria da incidência do cancro 

colorectal é derivado da dieta, a comunidade de investigação científica tem 

vindo a focar-se em métodos para prevenir o desenvolvimento desta doença. 

Assim, é fundamental compreender o ambiente do lúmen do cólon e a sua 

relação com hábitos alimentares e a composição fecal. Uma composição 

fecal considerada saudável, que eventualmente protege o desenvolvimento 

do cancro colorectal, apresenta uma concentração elevada de ácidos gordos 

de cadeia curta, um pH baixo e uma concentração baixa de amónia. 

Objetivo: O objectivo deste estudo é compreender a relação entre 

macronutrientes, grupos alimentares e as características bioquímicas fecais 

do risco de desenvolver cancro colorectal em participantes pré-diabéticos e 

obesos do estudo PREVIEW da Nova Zelândia. Métodos: Foram 

desenvolvidos, dois estudos, um estudo transversal (n=74) e outro 

longitudinal (n=30) para correlacionar os hábitos alimentares e as 

características bioquímicas fecais do risco de desenvolver cancro colorectal. 

Resultados: No estudo transversal demonstrou-se que um aumento da 

ingestão de fibra, hidratos de carbono e cereais estava relacionado com o 

aumento da concentração fecal de ácidos gordos de cadeia curta, este, por 

sua vez, é associado com a diminuição de pH e com a diminuição da 

concentração de amónia. No estudo longitudinal a variação do consumo de 

vegetais e cereais está relacionado com a variação de ácidos gordos de 

cadeia curta e estes são associados com a diminuição tanto do pH fecal 

como da amónia. Conclusão: Esta dissertação demonstra que hábitos 

alimentares mais saudáveis (um consumo elevado de fibra, cereais e 

vegetais) está associado com uma concentração saudável de produtos 

fermentados no lúmen do cólon (uma maior concentração fecal de ácidos 

gordos de cadeia curta, uma menor concentração de amónia e um menor pH) 

que protege do desenvolvimento de cancro colorectal. Mais estudos devem 

ser desenvolvidos de forma a confirmar estes resultados. 

 
Palavras Chave: 
Cancro colorectal, dieta, ácidos gordos de cadeia curta, amónia  
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Abstract 

Introduction: Colorectal cancer is the second leading cause of death related 

to cancer. Since the majority of colorectal cancer incidence is diet-driven, 

public health research is focusing on effective methods to prevent the 

recurrence of this disease. Thus, it is crucial to understand the colonic luminal 

environment and the correlation between eating habits and the composition of 

stool. A healthy stool, protective from carcinogenic compounds, has higher 

amount of short chain fatty acids and a lower pH and ammonia. Aim: The aim 

of this study is to understand the relation between macronutrient and food 

groups with fecal biochemical characteristics of colorectal cancer risk in pre-

diabetic obese participants of PREVIEW trial in New Zealand. Methods: 

Cross-sectional (n=74) and longitudinal (n=30) studies were conducted to 

correlate eating habits and the indirect biomarkers of colorectal cancer. 

Results: In the cross-sectional study a higher fibre, carbohydrate and grain 

intake, seems to be related with fecal short chain fatty acids that is, in itself 

associated with a lower fecal pH and ammonia concentration. In the 

longitudinal study a variation of vegetables and grains consumption seems to 

be related to the variation of short chain fatty acids, which was also 

associated with a decrease of the variation of fecal pH and ammonia. 

Conclusions: This dissertation shows that healthy eating habits (higher 

consumption of fibre, grains, vegetables) is associated with a healthier 

concentration of fermented products in the colonic environment (higher 

concentration of SCFA and lower pH and ammonia concentration). Further 

studies should be conducted to confirm these findings. 

 
 
 
 
 
 
 
 
 
 
 
Key Words: 
Colorectal cancer, diet, short chain fatty acids, ammonia  
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Chapter 1. Introduction  

 

1.1. Background  

 Cancer is an uncontrolled proliferation of cells that have the capability 

of spreading to nearby tissues and continue to develop for a long period of 

time into a maleficent mass tissue. Despite having a complex etiology, it is 

known to occur due to gene mutation, the activation of oncogenes and the 

inactivation of tumor suppressor genes (1). By 2015, cancer was described as 

the leading cause of death worldwide with approximately 8.8 million cancer-

related deaths (2). Around one-third of deaths caused by cancer are attributed 

to modifiable behavioral and dietary risk factors such as high body mass index 

(BMI), low fruits and vegetables intake, lack of physical activity and alcohol 

and tobacco use (3). 

 Cancer can be further divided in specific types according to the organ 

from where it is originated. The most common types of cancer affect the 

lungs, liver, colon and rectum and stomach (4). For each type of cancer there 

are specific methods of diagnosis, treatment techniques and most relevant 

risk factors. 

 The international burden of cancer in society has led to an increased 

scientific focus not only on early diagnosis and advance treatment 

technologies, but also, on its prevention. 

 

1.2. Colorectal cancer   

 Colorectal cancer (CRC) is the denomination attributed to the cancer 

that is unraveled in the large intestine. The treatment for CRC can consist in 

several approaches, depending on the severity and the individual 

characteristics of the patient. It may differ in one single approach or in a 

mixture between surgery, chemotherapy, radiotherapy or immunotherapy for 

the control, elimination or removal of the malignant cells in the human body (5).

 Its signs and symptoms include, but are not restricted to, blood in the 

stool, changes in bowel movements, weight loss and tiredness sensation (6). 

Due to the inconsistent and non-specific symptomatology, individuals with 
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CRC usually suffer a later diagnosis and are often presented in aggressive 

stages (5, 7). Thus, a focused research on preventable pathways must be taken 

into consideration to increase survival rates and to help diminish the incidence 

of CRC in the world. 

 

1.2.1. Prevalence and Incidence rates 

CRC is the second leading cause of death related to cancer and the 

fourth leading cause of mortality in the world (8, 9). Although survival rates have 

increased in recent years, the incidence of this disease continues to escalate 

each year (9). Notably, CRC is the second and third most common type of 

cancer worldwide for women and men, respectively (10), accounting for nearly 

1.4 million new cases and approximately 600,000 deaths each year (10). 

 In 2015, New Zealand had 21,814 new cases of CRC and 8,905 

deaths related to this disease (11). In fact, it is ranked the 9th country in the 

world with the highest incidence of CRC (12). 

 

1.2.2. Risk factors 

 The majority of CRC incidence is inducible by environmental risk 

factors and could be prevented with changes in diet and lifestyle (13). 

A small fraction (approximately 20% of the incidence of CRC) 

represent individuals who have two or more close relatives who have had this 

disease (14). Established risk factors for CRC also include personal history of 

colorectal polyps, neoplastic benign epithelial tumors or chronic bowel 

inflammatory disease (15, 16).  

Age is another important risk factor mainly due to poor prognoses, 

multiple health conditions and seeking late medical advice of elderly 

population. For instance, the mean age for CRC diagnosis is approximately 

60 years old in developed countries (17, 18).  

Substantial evidence supports the fact that CRC is one of the most 

preventable types of cancer (8, 19). In fact, research has shown that 60% of 

CRC burden could be diminished by adopting healthier eating habits and 

lifestyle (20). Those estimates result in approximately 27% for changes into a 
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healthier diet, 14% for the avoidance of excessive weight, 12% for increasing 

the level of physical activity and 7% for reducing alcohol intake (8, 10, 17, 20).  

 

1.3. Biochemical characteristics of feces  

 In regards to CRC prevention, it is crucial to understand the colonic 

luminal environment and its effect in the development of this disease. Apart 

from the viscosity and gut bacteria, the large intestine is characterized by the 

presence of a stool rich in fiber, fat and undigested carbohydrate (CHO) and 

protein (21, 22). A portion of these nutrients is chemically fermented by the gut 

microbiota to produce energy compounds used not only by the luminal 

bacteria but also the colonocytes (14).  

 The type of bacteria presented in the large intestine is highly 

dependable on the concentration of exogenous nutrients presented on the 

stool (23). In fact, it has been demonstrated that short-term diets can alter the 

human gut microbiome (24). Further on, as it will be discussed in chapter 1.6, 

several studies regarding the overweight and obese population have shown a 

overgrowth of Gram-negative enteric bacteria resulting in a higher incidence 

of systemic infection, which explains why obese or overweight people have a 

higher risk of developping CRC (25). 

 To continue study the concentration of nutrients in the stool and their 

relationship with CRC development, several studies have been analyzing the 

composition of human fecal samples and the remaining subtracts of gut 

fermentation, such as short chain fatty acids (SCFA) (26), ammonia (14, 26-28) 

and fecal pH (14). These studies have shown that a healthy colonic 

environment is characterized by a higher concentration of SCFA, a lower fecal 

pH and a lower concentration of ammonia (14, 26). 

 

1.3.1. Fecal Short Chain Fatty Acids 

 Fecal SCFA are the principal anions produced from bacterial 

fermentation of polysaccharides and oligosaccharides in the distal colon (29). 

Butyrate, acetate and propionate are the most abundant SCFA in the gut 

(between 90–95%) and only 5-10% of these are excreted through feces (29). 
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These subtracts play an important role in the maintenance of colonic health 

and the regulation of cell growth (30, 31). They have powerful systemic effects 

on preventing weight gain, CRC, obesity and metabolic syndrome by 

suppressing inflammation and maintaining the mucosal integrity (32-34). They 

also contribute to shaping the gut environment and influencing the physiology 

of the colon by participating in different host-signalling mechanisms (29, 35). 

 Further on, higher production of SCFA by gut microbiota in the large 

bowel from unabsorbed and undigested complex CHO, leads to a decrease in 

the luminal pH, which, as it will be discussed bellow, also prevents CRC 

adenomas formation by reducing the concentration of several cytotoxic 

carcinogenic compounds (34). 

 

1.3.2. Fecal Ammonia 

 Fecal concentration of ammonia is a result of the degradation of protein 

in the large intestine (22). The main fate of ammonia in the colon is either 

absorption by passive non-ionic diffusion into the portal system followed by 

detoxification into urea in the liver and excretion in the urine or its fecal 

excretion (approximately 10%) (22). Thus, final fecal composition is a result of 

the overall processes of absorption, secretion and microbial utilization in the 

large intestine.  

 Products from residual protein degradation in the colon include 

ammonia, phenols, sulfides amines and n-nitroso compounds (23, 36). These 

compounds promote an inflammatory status and contribute to tumorigenesis 

by stimulating inflammation and uncontrolled cell proliferation, which favors 

the growth of malignant cells (21). Free fecal ammonia is considered a 

cytotoxic agent and CRC may appear as a result of a prolonged exposure of 

these carcinogenic compound (37).  

 

1.3.3. Fecal pH  

 Fecal pH has an important impact on colonic environment (37). In fact, 

individuals with a low risk of CRC have been shown to have lower fecal pH 

than individuals with a higher risk of developing this disease (23). The 
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mechanism behind this is shown to be that lowering fecal pH (increasing 

acidity) results in the apoptosis of cancerogenous cells and protects against 

over-growth of pathogenic microorganisms (23, 37). Birkett et al. (1996) has also 

shown that pH decreased from 6.4 to 6.2 during a high resistant starch diet, 

while ammonia decreased and SCFA concentration increased (21).  

 The correlation between these tree biomarkers are their effect on the 

colonic environment; a low risk of CRC is characterized by a well perfused 

mucosa with a relatively high luminal concentration of SCFA, low levels of 

ammonia and a low fecal pH (38). 

 

1.4. Diet  

Diet is implicated in the ethology of CRC (20, 25, 39, 40). In fact, over three 

decades ago, Doll and Peto (1981) estimated, from epidemiological evidence, 

that >90% of all gastrointestinal cancers were diet-driven (15). More recently 

evidence defines CRC amongst the cancers that are most modifiable by 

changes in the diet (25, 41, 42).  

 Diet is responsible for nutrient availability, the set of energy metabolites 

and modulation of composition and function of gut microbiota (20). Dietary 

animal protein and fat are associated with increased risk of developing CRC 

(43-45), whereas high intakes of dietary vegetables and fruits appear to be 

protective (46, 47). Kopp et al. (2018), in a prospective study, found that fibre 

consumption and meat intake trigger different pathways and suggests that 

meat intake leads to CRC via inflammation by nuclear transcription of 

inflammatory genes, whereas intake of fiber protects against CRC via 

secretion of anti-inflammatory mediators (such as, interleukin-10 and 

cyclooxygenase) (48). 

 

1.4.1. Fruits and Vegetables intake  

 The European Prospective Investigation into Cancer and Nutrition 

study, after approximately 8.8 follow-up years of 452,755 subjects, has shown 

that a high consumption of not only fruits and vegetables (>604 g/d) but also 
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for vegetables alone (>284 g/d) is significantly associated with a reduced risk 

of developing CRC (46).  

 Evidence has suggested that a diet rich in fruits and vegetables 

reduces the risk for CRC, and helps managing body weight when consumed 

instead of more energy-dense and processed food (49). According to the World 

Cancer Research Fund/ American Institute for Cancer Research (WCRF-

AIRC) report, published in 2007, there is suggestive evidence showing that 

consumption of fruits and non-starchy vegetables reduces colorectal cancer 

incidence (50).  

 Fruits and vegetables have a high percentage of fibre, vitamins and 

minerals that promote a healthy colonic environment and, consequently, a 

healthy gut microbiome (51). In fact, the concentration of flavonoids (47), vitamin 

D (52), calcium (53), resistant starch (54) and fibre (55) have been shown to have a 

significant impact on reducing the incidence of CRC. 

 

1.4.2. Protein-food intake  

 The WCRF-AIRC report classified processed meat as carcinogenic to 

humans (Group 1A) and red meat as probably carcinogenic (Group 2A), 

believing that there should be a maximum consumption of 500g/ week of red 

meat and less than 50g/ week of processed meat to reduce the risk of 

developing CRC (50, 56).  

 The biological reasons for the association between red and processed 

meat and CRC are still unclear, but a large number of molecular mechanisms 

have been proposed to explain this association (57). Although fish and meat 

are a valuable source of essential minerals, vitamins, fatty acids and amino 

acids (40), they also contain potential carcinogenic compounds, such as 

ammonia (58), n-nitroso compounds (59), phenols (37), sulfides (60) that have 

been demonstrated to possibly contributing to an unhealthy gut environment 

and CRC development. More than that, other products can be produced from 

cooking in high temperature, such as heterocyclic amines and polycyclic 

aromatic hydrocarbons that are able to interfere with the bases of DNA, thus 

resulting in DNA damage which is responsible for cancer promoting (61, 62). 
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1.5. Macronutrients  

 The dietary residues and host-produced substances, as seen above, 

regulate the colonic microbiota as well as the amount and the type of 

substrate that enter the colon. An unhealthy excess of protein and fat and 

diminished intake of fibre and starch, might induce inflammatory mechanisms 

and therefore potentiate neoplastic changes in the lumen and gut microbiota 

(8). Therefore, macronutrients have different metabolic pathways and functions 

and should be analyzed in particular when correlated with CRC risk. For 

instance, Tayyem et al. (2015) reported in his study that the highest quartile of 

protein, fat and energy intake could increase CRC risk (63). 

 

1.5.1. Protein  

 Protein is not only an important source of essential amino acids but is 

also the most satiating macronutrient, therefore facilitating weight loss (64). On 

the other hand, high protein consumption leads to a high amount of 

undigested protein in the colon, which increases the availability of 

carcinogenic cytotoxins, as described in 1.4.2 (14, 37). Substantial amounts of 

undigested proteins and peptides can reach the colon providing a potentially 

dietary factor that will influence the gut microbiota (65).  

 

1.5.2. Fat  

 According to the 2007 WCRF-AIRC report, the evidence that high 

intake of animal fat is causally linked to CRC was fairly consistent but limited 

(50). However nowadays, there are several studies clarifying the mechanism 

behind this correlation (66, 67). In fact, lipids arise from exogenous and 

endogenous sources to the colon. The two endogenous ways are, first of all, 

derived from cellular and microbial pathways (≈ 1-1.5g free fatty acids, 

triglycerides or phospholipids in feces) and secondly, the excretion of bile acid 

(≈ 0.25 to 0.5g of fecal bile acid) (66). From the exogenous source, the daily 

consumption of dietary fat, only 2-4% is excreted in the feces as free 

unesterified fatty acids (66). High-fat consumption increases the hepatic 

synthesis of bile acids and their delivery to the colon, where they are 
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metabolized by the microbiota into products with tumorigenic activity (67). 

 A high intake of dietary fat is associated with hydrogen sulphide and 

secondary bile acids in the colon, which can promote tumor formation by 

acting as aggressive surfactants for the mucosa, thus increasing cell loss and 

carcinogenic cell proliferation (68). In fact, secondary bile acids have the 

potential to induce oxidative stress and DNA damage (67). Fecal or serum 

levels of secondary bile acids are increased in individuals at high risk for CRC 

and in CRC patients compared to healthy controls (69, 70). 

 

1.5.3. Carbohydrates  

 CHO can be further divided in refined and unrefined, according to its 

complex structure. Refined CHO are simple molecules of sugar that can be 

found in pastry and sugary food, whereas vegetables, fruits and nuts are rich 

in unrefined CHO (71). A high intake of refined sugar can be associated with 

CRC (72, 73). The fact that it rapidly spikes the insulin and insulin-like growth 

factor and stimulates the proliferation of cells (such as colonocytes) may be 

one possible link between refined CHO and CRC (74). On the other hand, 

unrefined CHO, such as fibre-foods is strongly associated with a healthier 

colonic environment (54, 75). 

 

1.5.3.1. Fibre 

 Fibre includes polysaccharides, such as, resistant starch, cellulose, 

hemicellulose and pectins and can be further divided in soluble and insoluble 

(76). It is recommended a daily intake of approximately 30g/ d of fibre, however 

the adult average intake in the world is approximately 18 g/ d (77). 

 Most (76, 78-80) epidemiologic studies have suggested that dietary fibre is 

inversely associated with the risk of CRC.  

 Fibre is an established fecal bulking and laxative agent in proportion to 

intake. Part of this protection is thought to be due to dilution of carcinogens 

leading to less exposure to the colonocytes (14). Fibre also shortens transit 

time, hence reducing the exposure of the colonic epithelium to carcinogens (14, 

81). Low fibre intake reduces the production of small chain fatty acids and 

shifts the gastrointestinal microbiota metabolism to use less favorable 
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nutrients, leading to the production of potentially detrimental metabolites (25).  

Convincing evidence shows that the low fibre Western diet degrades the 

colonic mucus barrier, causing microbiota encroachment, which results in 

pathogen susceptibility and inflammation (82). 

 
 

1.6. Weight management 

From a medical perspective, an adult is considered overweight when 

their BMI is equal or above 25 kg/m2 and obese when it is equal or above 30 

kg/m2 (83). Being overweight is a leading cause of health loss, accounting for 

approximately 9% of all illnesses, disabilities, and premature mortality rates 

(84, 85). In fact, it has been associated with certain types of cancers, most 

importantly, CRC (86). In 2016, more than 1.9 billion adults over 18 years old 

were considered overweight across the world. From those, approximately 650 

million adults were within the obesity range (87). The Annual Update of New 

Zealand Health Survey 2015/2016, showed 1.3 million of overweight adults 

(35% of the New Zealand population), 1.1 of whom were considered obese 

(88). According to Organisation for Economic Co-operation and Development 

countries, New Zealand is currently ranked the 3rd country with the highest 

percentage of obese population in the world (89). 

Studies have shown that there is a 33% increase risk of developing 

CRC for obese individuals when compared with normoponderal individuals 

(90). Moreover, a 5-kg weight gain is associated with 3% increase of the risk of 

developing CRC (90). 

 The 11-year follow-up of the European Prospective Investigation in 

Cancer and Nutrition (EPIC) study with data from 1,721 cases in 9 different 

European countries showed that the highest quintile of waist circumference 

was associated with a relative risk for colon cancer of 1.4 (95% CI 1.0, 1.9) in 

men and 1.5 (95% CI 1.1, 2.0) in women (91). Moreover, in the second WCRF-

AIRC report (2011), researchers investigated the effect of body fatness by 

BMI (kg/m2) in 68 cohorts and of 86 case-control studies; the results showed 

that an increase of 5 kg/m2
 levels of BMI was associated with a 15% increase 

risk of developing CRC (92).  
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Obese individuals have higher risk of developing cancer due to their 

cells’ dependence status of glucose (20). In obesity, glucose transporters are 

upregulated and aerobic glycolysis is used to generate adenosine 

triphosphate (ATP) in a relatively inefficient manner. Therefore, the high blood 

glucose levels that occur in obese individuals with metabolic syndrome and 

even pre-diabetic insulin resistance represent a tumor-permissive 

environment that can metabolically induce cancer growth (20, 93).  

 

1.6.1. PREVIEW trial 

 It has been hypothesized that since weight loss decreases systemic 

inflammation, it may also mediate anti-cancer effects in the colon and rectum 

(18, 94). In fact, weight loss interventions have been successfully among 

individuals with high CRC risk by increasing their overall health and survival 

rate (95). Thus, several studies are conducted focusing on the benefits of 

reducing obesity and helping prevent comorbidities, such has type 2-diabetes 

mellitus (T2DM). From 2013 to 2018 a multi center, long term randomized 

controlled trial (RCT) aiming to prevent T2DM in a pre-diabetic and obese 

individuals used a 3-year weight loss and weight management program to 

understand the benefits in overall health and the improvement of the quality of 

life of a high-risk population. The PREVention of diabetes through lifestyle 

Intervention in Europe and Worldwide (PREVIEW) project (96) started with a 2 

month weight loss phase in which participants had to lose at least 8% of their 

body weight, followed by a 3 year weight maintenance phase in which 

participants received nutritional advice to maintain the weight loss and prevent 

T2DM. Preliminary results from the multi center study showed that weight loss 

of at least 8% dramatically decreases BMI, body weight and fat mass which 

are important risk factor not only for T2DM but also CRC risk (97). The present 

thesis has been conducted as a sub-study of the New Zealand arm of the 

PREVIEW trial and aims to understand if the nutritional background of 

participants and nutritional changes that happened during the first year of the 

weight maintenance phase had any impact on the risk of developing CRC in 

the overweight and obese subjects, by evaluating the indirect biomarkers 

presented in the fecal samples provided during the trial. 
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Chapter 2. Aims  

 
 The aim of this research is to investigate the relationship between 

dietary intake and indirect biomarkers of the risk of developing CRC through a 

cross-sectional analysis of data from the New Zealand population recruited for 

the PREVIEW project at baseline. Further on, the project aims to evaluate 

changes in dietary consumption and the risk of developing CRC in 

participants who lost at least 8% of their body weight and tried to maintain it 

over one-year, by conducting a prospective analysis of the same eligible data 

between baseline and a one-year of follow up.  

 

 More specifically, this thesis aims to: 

1. Investigate the relationship between indirect biomarkers of CRC risk 

(SCFA, fecal pH and ammonia) and the consumption of energy and 

macronutrients at baseline – cross sectional analysis; 

2. Investigate the relationship between indirect biomarkers of CRC risk 

(SCFA, fecal pH and ammonia concentration) and the consumption of 

food from different dietary groups at baseline – cross sectional 

analysis; 

3. Investigate the relationship between changes in indirect biomarkers of 

CRC risk (SCFA, fecal pH and ammonia concentration) and change in 

the mean consumption of macronutrients from baseline to one-year 

follow-up - longitudinal analysis; 

4. Investigate the relationship between changes in indirect biomarkers of 

CRC risk (SCFA, fecal pH and ammonia concentration) and change in 

the mean consumption of food from different dietary groups from 

baseline to one-year follow-up - longitudinal analysis; 

5. Investigate how consumption of macronutrients and the variety of food 

groups influence the risk of CRC when compared with each other. 
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Chapter 3. Methodology 

 

3.1. Ethics approval and consent form 

 Ethics approval was obtained from the Health and Disability Ethics 

Committee, reference 13/NT/41AM01. All participants signed an informed 

consent form, after receiving verbal and written information on the study. 

 This Masters project used data from the PREVIEW project in New 

Zealand and a synopsis was conducted and accepted in 1/11/2017 by the 

PREVIEW consortium for accessing the data.  

  

3.2. Overview of the PREVIEW trial 

 The PREVIEW trial consisted in a 3-year longitudinal RCT that aimed 

to investigate the effect of a diet and exercise programs in the prevention of 

T2DM on a pre-diabetic population. The RCT was carried out in 8 countries: 

six countries from Europe (Denmark, Finland, Netherlands, Spain Bulgaria 

and United Kingdom) and two countries from Oceania (Australia and New 

Zealand). In total, the study involved approximately 2,500 overweight and 

obese pre-diabetic individuals (96). 

 

3.3. Overview of the PREVIEW trial in New Zealand 

The PREVIEW trial in New Zealand took place at the Human Nutrition Unit 

(HNU) a research institute at the University of Auckland (UOA) dedicated to 

human nutrition intervention studies. UOA is based in Auckland city, which is 

the most populated city of New Zealand. The main nutritional interventions 

that are carried out at HNU concern the identification of dietary components, 

which could have a beneficial impact on human health and prevent adverse 

metabolic conditions.  

 Participants were recruited from wider ranges of Auckland region, with 

no exclusion criteria for socio-economic background, culture, gender or 

ethnicity. The population was approached by advertisements in local 

newspapers, radio stations, healthcare centers and community boards.  
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The trial was designed in three parts: the screening phase, phase 1 

(weight loss phase) and phase 2 (weight maintenance phase or 3-year follow-

up), as shown in Figure 3.1. 

 

 

 

 

 
 
 
 
 

Figure 3.1. Timetable of the three phases of the PREVIEW trial in New Zealand 

 

3.3.1. Pre-screening 

 Each participant completed, by e-mail or phone call, a pre-screening 

questionnaire using the online survey website, the Survey Monkey®. This 

questionnaire contained questions regarding contact details, anthropometric 

measurements, medical history, medication details, and general health status, 

including the Finnish Diabetes Risk Assessment (FDRA) to evaluate if the 

participant was at risk of developing T2DM. The FDRA is a practical, non-

invasive method developed during the Finnish Diabetes Prevention Study 

(DPS) (98) and was validated in the New Zealand PREVIEW population (99).  

 

3.3.2. Screening 

Further on, from the potentially eligible participants, a screening visit was set 

at HNU for a formal interview regarding personal history, medical history and 

to access the measurements of weight, height, fasting plasma glucose and 

glucose tolerance through a 2-hour Oral Glucose Tolerance Test (OGTT). 

Prior to this groups meetings were undertake to present the aims, the 

longevity and the team responsible for the study. Eligibility criteria for the 

PREVIEW study was: (I) having a BMI equal or greater than 25/m2; (II) being 

prediabetic according to American Diabetes Association (ADA) criteria (100); 

(III) being healthy otherwise. 

RECRUITMENT 
WEIGHT 
LOSS - 8 
WEEKS 

WEIGHT MAINTENANCE PHASE - 
148 WEEKS 

 SCREENING PHASE 1 PHASE 2 
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3.3.3. Phase 1 

All eligible participants were required to follow a strict dietary regime of an 8-

week nutritionally complete commercial Low Energy Diet (LED).  

 To ensure that each individual had enough knowledge to follow the 

diet, participants were given oral and written instructions and attended dietary 

group sessions held in weeks 0, 2, 4, 6 and 8 of the LED period.  

 The daily consumption of energy during this phase of the study was 

restricted to 3.3-4.2 MJ/day and participants were provided with a variety of 

Cambridge Weight Plan® (Cambridge Manufacturing Co. Ltd, United 

Kingdom) meal replacement products. The powder sachets were used in 

soups, shakes and porridge. The complete daily dietary guidelines, which 

were provided to all participants during the LED phase, were: two cups of 

non-starchy low calories vegetables; 4 Cambridge Weight Plan® powder 

sachets per day (3 dissolved in 250mL of reduced fat milk and 1 in the same 

amount of water); unlimited coffee, tea, water, herbs and spices. 

 Those who successfully completed the weight loss phase by achieving 

≥ 8% of body weight loss (phase 1) continued into the weight maintenance 

phase (phase 2) (figure 3.1). Those who did not achieve the 8% weight loss 

were further excluded from the study, as per protocol (figure 3.2). 

 

 

 

 

 

 

Figure 3.2. Eligible participants for the PREVIEW trial in New Zealand 
 

 

3.3.4. Phase 2 

 Phase 2 focused on weight loss maintenance, it lasted 3-years and 

included a total of six visits to the HNU facilities for clinical assessments and a 

total of 14 group visits for nutritional counseling aiming to change the 

participant’s behavior to promote weight maintenance from baseline to one-

Eligible 
(pre-diabetic) 

End of trial 

Screening 

Non-eligible 

All applicants 
Pre-screening 

Baseline 

Did not lose 
enough 

End of trial 

Met 8% WL Follow-up 
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year follow-up. These visits were called Clinical Investigation Days (CID), 

which were the official end-points for data collection and are listed from 1 to 7 

as shown in Figure 3.4. 

 Data was collected during each CID; CID1 was the baseline visit (the 

first visit to HNU facilities), CID2 was the visit after 2-months of the LED 

period (phase 1), CID3 took place 4-months after CID2 and so on until CID7 

the last visit, corresponding to 3-years of follow-up, as illustrated in Figure 3.3. 

This dissertation studies data from CID1 (baseline) and CID4 (one-year 

follow-up). 

 

 

 

 

 

 

 

 

Figure 3.3. Timetable for the clinical intervention of the PREVIEW trial in New Zealand. We 
analyze data from CID1 and CID4. CID - Clinical Investigation Day 
 

3.4. Data Collection 

 In each CID, the following parameters relevant to this thesis were 

assessed: anthropometric measurements, body composition, plasma and 

glucose, 3/4-day fecal samples and 4-day food reports.  

 

3.4.1. Weight 

 Weight (kg) was measured once, to the nearest decimal point. 

Participants were fasted, barefoot, wearing light clothing; they stood in the 

middle of the scale with equal distribution of weight on two feet. Participants 

were also advised to empty their bladder within the last hour of weighing. The 

scale used was from Seca® model 708 (made in Auckland, New Zealand) 

and Sensortronic Scales® checked its calibration periodically at HNU. 

CID1 CID2 CID4 CID5 CID6 CID7 

      

Baseline 2 

months 

12 

months 

18 

months 

24 

months 

36 

months 

6 

months 

CID3 
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3.4.2. Height 

 Height (m) was measured twice, to the nearest millimetre. Participants 

had to be on the same conditions as weight measurements, had their feet 

touching the wall behind them and looked directly in front. The stadiometer 

used was from Seca® (made in Auckland, New Zealand) and Sensortronic 

Scales® checked its calibration periodically at HNU. 

 

3.4.3. Waist circumference 

 Waist circumference (cm) was measured twice, to the nearest 

millimetre. Participants had to be on the same conditions as for weight 

measurements, looked directly in front, relaxed and with a flat stomach. 

Participants were asked to inhale and exhale and the measurement was 

taken when participants exhaled, between the lower rib and the highest point 

of the iliac crest.  

 

3.4.4. Dual-energy X-ray absorptiometry body scan 

A trained investigator at Auckland Hospital operated the Dual-energy X-ray 

absorptiometry body scan (DEXA) equipment. Depending on body thickness, 

the scan would take approximately 15 minutes, during which time the 

participant was asked to keep as still as possible. The DEXA machine uses 

two different speeds in relation to the composition to differentiate body tissues 

such as bone, muscle and fat mass (101). DEXA is an accurate, easy and a 

economic way to provide data on Free-Fat Mass and Fat Mass parameters, 

used in this thesis. The Lunar DEXA machine® (Auckland, New Zealand) was 

used in this thesis (102). 

 

3.4.5. Fecal Samples 

 Fecal samples of 3 consecutive days were collected from each 

participant who signed the consent form for this purpose. These participants 

were instructed orally and in writing on how to collect and store the 24-hour 
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fecal samples at 2 different occasions: (i) immediately before baseline, and (ii) 

immediately before the one-year follow-up endpoint. Fecal collection of each 

24-h period was initiated in the morning once they got up and was extracted 

into a labeled container (500mL) and refrigerated immediately. After 

completion of 3 consecutive days of collection the containers were to be taken 

to HNU. 

 When arrived at the HNU, the samples were immediately frozen in a  -

20ºC freezer until being processed. Samples were initially processed under a 

fume hood, in a PC2 (contained) laboratory, at the microbiology department of 

the School of Biological Sciences, University of Auckland. The mixture was 

hand-held blended until homogenous and an equal amount of Milli-Q water® 

was added (1:1 (w/w)).  A standard pH-electrode was used to determine the 

fecal pH and the samples were frozen at -80ºC until being shipped to 

Denmark in dry ice.  

 Once in Denmark, at the University of Copenhagen (UCPH), frozen 

samples were further processed for analysis. The quantification of the total 

SCFA was carried out with liquid chromatography-tandem mass spectrometry 

(Wares AQUITY UPLC® triple-quadrupole detector, Elstree, UK) using the 

method of Han et al (103). The analysis of ammonia was conducted by the 

methodology of Russel et al (104). The fecal samples were diluted in sterile 

water and reacted with sodium phenate and sodium hypochlorite with the 

absorbance of the indophenol blue produced (Berthelot's reaction) measured 

at 625 nm. 

 Figure 3.4 illustrates the timetable for the 3-day fecal collection 

(starting in the first defecation of the second day or in the second defecation 

of the first day and ended in the last defecation of the fourth day or the first 

defecation on the fifth day) and for assessment of nutritional data through 4-

days of food records, which were reported on the same days as the fecal 

samples were collected, immediately before CID 1 (baseline) and CID 4 (one-

year follow up). Each container was properly labeled and when needed, more 

containers were given. 
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Figure 3.4. Scheduling of food reports and fecal samples extraction 
 
 
 

3.4.6. Food Reports 

 Each participant completed a 4-day 24-hour food report at the baseline 

and after a one-year follow-up. Oral and written instructions were given to the 

participants on how to complete the food reports. The reports should be in 

their most precise form, which includes a list of all the ingredients, brands, 

quantities consumed (in grams or household measurements when weighing 

was not possible), and methods of cooking. Participants were often reminded 

to report a normal eating day and not change their normal habits. The days for 

measurement included, at least, 2-days of the week and, at least, 1-day of the 

weekend. On the day of the CID visit, participants handed over their food 

reports, which were then assessed for completeness by a trained staff 

member (dietitian).  

 The nutritional data from the food reports was entered by a trained staff 

member on the Foodworks® version 8.0 software (Australia) which is a food 

analysis program used in Australia and New Zealand to convert food items 

into nutrients and food groups. Once the food reports were entered into 

Foodworks®, the nutritional data (nutrients and food groups) was extracted to 

a Microsoft Office Excel® sheet. 

 

    

1 
1 

2 
2 3 

3 4 
4 

 

Day 1 Day 2 Day 3 Day 4 

Day 5, 6 or 7  
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 For the purpose of this thesis, data on the following relevant food 

groups was selected: vegetables (including dark green vegetables, starchy 

vegetables and legumes), fruits, grains, (wholegrains, nuts or seeds), refined 

sugar, protein food (red meat, processed meat, poultry, fish and seafood) and 

alcoholic drinks. The food groups use the Australian food composition data 

and are based on the Australian Guide to Healthy Eating and the United 

States Department of Agriculture Food Patterns Equivalents Database. The 

Xyris food groups system developed for use in the FoodWorks® version 8.0 

software (Australia) also uses the Food Standards Australia New Zealand 

(FSANZ) composition tables enabling to investigate food patterns in portions 

per food. The food group analyses were available using the Australian data 

sources: AUSNUT 2011-13, AusFoods 2017 and AusBrands 2017. A table to 

facilitate the understanding on the definition of each food group serving size 

used in this thesis can be found in Appendix A. 

 

3.5. Inclusion and Exclusion criteria 

 Participants of this study must not only meet the inclusion criteria to be 

included in the PREVIEW trial in New Zealand but also had to be completers 

of baseline and the one-year follow-up (see table 3.1). Moreover, specifically 

for this thesis, the participants had to provide fecal samples and food reports 

during each end-point.  
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Table 3.1. Inclusion and exclusion criteria for this thesis 

Inclusion Criteria 

1. Aged between 25 – 70 years;  
2. Overweight (BMI ≥25 kg/m2);  
3. Pre-diabetic (impaired fasting blood glucose: 5.6 – 6.9 mmol/L or/and impaired 

glucose tolerance: 7.8 – 11.0 mmol/L at 2 hours post-75g glucose consumption); 
4. Informed consent obtained, motivated and able to attend each CID; 
5. Complete 3-day fecal samples at CID1 and CID4; 
6. Complete 4-day food reports at CID1 and CID4 

Exclusion Criteria 

Medical conditions:  

 Diagnosed diabetes mellitus (excluding gestational diabetes);  

 Cardiovascular disease, including recent myocardial infarction or stroke (within 
the last 6 months); heart failure; symptomatic peripheral vascular disease;  

 High blood pressure (BP) >160 mmHg /100 mmHg, with or without 
antihypertensive drugs; 

 Severe chronic renal impairment, liver disease (except fatty liver disease), 
chronic respiratory, neurological, musculoskeletal or other serious disorders 
which would intrude on the participants’ ability to adhere;  

 Cancers, active or in remission for less than 5 years; 

 Active gastrointestinal issues (eg. Inflammatory bowel disease, celiac disease, 
chronic pancreatitis or other disorders causing malabsorption);  

 Bariatric surgery or recent surgical procedure, still recovering or receiving 
treatment; 

 Blood-borne disease (eg. Hepatitis B, HIV); 

 Psychiatric illness (eg. Major depression, bipolar disorder, psychosis). 
 
Medication:  

 Taking, or have taken within the 3 months prior to screening, medications which 
could have affected body weight and glucose metabolism (eg. Glucocorticoids, 
psychoactive medication, high dose antidepressants, changing dosage of thyroid 
medication).  

 
Personal/Other:  

 Recall of weight loss or weight gain >5% within 2 months prior to screening date 

 Special diets followed within 2 months prior to screening date (vegetarians are 
allowed);  

 Regular alcohol consumption, >21 or >14 alcoholic units/week (males/ female);  

 Abusive drug use within the 12 months prior to screening; 

 Self-reported eating disorders;  

 Pregnant or lactating, including plans to become pregnant within the period of 
the study;  

 Inability to access phone or Internet or low level of conversational and written 
English. 
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3.5.1. Sample size 

 This thesis will investigate the participants of the PREVIEW trial in New 

Zealand who provided 4-day 24-hour food reports and 3-day 24-hour fecal 

samples at baseline (n=74). Further on, a longitudinal analysis will be 

undertaken from participants who delivered completed food reports and fecal 

samples at baseline and after a one-year follow-up (n=30).  

 Figure 3.5 illustrates the flowchart of eligibility for individuals who were 

included in the data collection and analysis of both cross-sectional (section 

4.1) and longitudinal (section 4.2) data.  

 In New Zealand, a total of 1,654 individuals were pre-screened for the 

PREVIEW study, of which 584 participants were invited for the screening 

process at HNU. A total of 305 participants were eligible at screening and 

started phase 1 of the trial (section 3.3.3). After 8-weeks of LED, 16 

participants did not successfully achieve the target of ≥8% weight loss, 

dropped out prior to CID2 or were not able to progress for personal reasons 

including emigration, illness or diabetes diagnosis. The 296 participants who 

successfully completed the weight loss phase and achieved more ≥8% weight 

loss were further allocated to the maintenance phase of the clinical trial 

(phase 2). From those, 193 did not give fully food reports or fecal samples 

leading to only 74 participants acquiring the specific data to enter the baseline 

endpoint of this study. Hence, 74 participants were included in the cross-

sectional analysis of this thesis, which is conducted in section 4.1 of the 

results chapter. However, regarding fecal pH measurements there were two 

missing values from the laboratory and with respect to SCFA there was one 

missing value. 

 Further on, from these 74 participants, only 30 participants completed 

the same data collection requirements after a one-year follow-up and were 

included on the longitudinal analysis that is represented in section 4.2 of the 

results chapter. Laboratory missing data occurred for 13 fecal pH 

measurements and for 7 ammonia measurements. 

 In sum up, from the 305 participants, approximately 10% and 3.9% 

were included in the cross-sectional and longitudinal studies, respectively. 
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Figure 3.5. Flowchart of the population analyzed in this thesis. Participants were deemed 
ineligible if criteria detailed in table 3.1 was not met. From the 1654 pre-screened, 
approximately 321 participants started the PREVIEW trial in New Zealand. Only 74 
participants gave completed fecal samples and food reports at baseline and, from those, only 
30 participants gave the same data after a year of follow-up. HNU: Human Nutrition Unit. 

Eligible for the cross-sectional 
study 

n= 74 

Eligible for the longitudinal 
study 
n= 30 

Volunteers pre-screened after 
surveymonkey  

n=1654 

Eligible participants invited for 
screening at HNU 

n=584 

Eligible at screening part 
n=321 

Excluded due to not meeting the 
criteria; did not meet the criteira 

n=1070 

Droped out before finishing phase 
1 (n=9) 

Droped out after finishing phase 1 
(n=7) 
n=16 

  

Excluded due to not meeting the 
criteria; did not meet the criteira 

n=263 

Eligible for baseline endpoint 

n= 305 

Did not provide complete 3-day 
faecal samples and 4-day 24-hour 

food reports in baseline 

n=222 

Droped out before finishing the 
one-year follow-up 

(n=13)  
Did not provide complete fecal 
samples  food reports in after 

one year of follow-up  
(n=31) 
n=44 

Section 4.1. 

Section 4.2. 

 

 

Eligible for second phase 

n= 296 

Droped out before starting phase 2 
(n=9) 
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3.6. Statistical Analysis 

 Microsoft Excel 2010® software was used for the calculation of mean, 

maximum, minimum and standard deviation of all continuous variables used 

in this thesis.  

 Statistical analysis was carried out with IBM SPSS Statistics® version 

24.0 software. Normality of continuous variables was assessed using 

Kolmogorov-Smirnov test. Most continuous variables followed a distribution 

close to normality, except for total EI (MJ and kcal), BMI, ammonia. Secondly, 

each continuous variable was associated with the main outcomes: SCFA 

(µmol/g feces), ammonia (mmol/mol/g feces), and fecal pH using Pearson 

and Spearman correlation coefficients.  

 Comparison between completers and non-completers was performed 

using either t-student's test or Mann-Whitney's test, according to the normality 

of the continuous variables. Baseline and follow-up values were compared 

using either t-student's test or Wilcoxon's test, depending on the Normality of 

the continuous variables. 

 

3.7. Author's role in the study and at HNU 

 The author of this thesis arrived in New Zealand when CID7 of the 

PREVIEW trial in New Zealand was taking place. Therefore, she helped to 

conduct blood sample collection from an IV line, anthropometric 

measurements, assessment of food reports, storage and measure fecal and 

urine sample weights and laboratory work, such as handling samples, 

centrifuging, aliquoting and storage in -25ºC freezers.  

 The author also had the opportunity to code food reports in the 

Foodworks® program, participate in the DEXA scans and to facilitate other 

important questionnaires (on behavioral modification). 

 As an intern at HNU she also worked as a laboratory staff member in 

other study regarding prolonged fasting and T2DM (105)
. 
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Chapter 4. Results 
 

4.1. Cross-sectional study 

 

4.1.1. Participants 

 The cross-sectional study analyzed data collected from 74 participants. 

Figure 4.1 shows the timeline of the study, within the larger PREVIEW trial in 

New Zealand. Hence, the cross-sectional study is focusing in CID1, which 

represents the baseline. 

 

 

 

 

 

 

 
 

Figure 4.1. The red arrow indicates the endpoint used for the cross-sectional study, within 
PREVIEW trial in New Zealand timetable. CID – Clinical Investigation Day 

  

 As described in table 4.1, there was a disproportionate number of 

females (55) compared to males (19), resulting in a gender ratio of 

approximately 3:1 (females:males). The mean age of the participants was 

approximately 56 years old ranging between 27 to 70.  

 BMI ranged from overweight (27 kg/m2) to class III of obesity (63 

kg/m2) and participants showed a mean of impaired fasting and impaired 

postprandial glucose of 5.96 mmol/L and 8.02 mmol/L, respectively. This 

showed that the population is in a pre-diabetic stage, as it was expected given 

the eligibility criteria (98). The mean percentage of fat mass was 36% for men 

and 47% for women, which was considered to be in the obesity range for both 

genders, >35% for men and >40% for women (106). 
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Table 4.1. Anthropometric, biochemical and fecal characteristics of the participants included 
in the cross-sectional study 

 All participants (n=74) 

Anthropometric parameters Mean (SD) Min; Máx 

Age 56 (10) 27; 70 

Height (m) 1.66 (0.08) 1.5; 1.9 

Weight (kg) 101 (18) 66; 152 

BMI (kg/m2) 
  Men 
  Women 

37 (6.3) 
39 (5.2) 
36 (4.7) 

27; 59 
31; 59 
27; 42 

Fat Free Mass (%) 
  Men 
  Women 

55 (10) 
63 (7) 
52 (5) 

39; 72 
45; 72  
39; 52 

Fat Mass (%) 
  Men 
  Women 

45 (13) 
36 (5) 
47 (5) 

25; 52 
25; 43 
40; 52 

Waist circumference (cm) 
  Men  
  Women 

109 (13) 
112 (11) 
108 (13) 

82; 143 
90; 138 
82; 143 

BMR (MJ) 
  Men 
  Women 

9.3 (2.8) 
8.2 (0.8) 
6.8 (0.9) 

3.4; 18.5 
6.8; 9.7 
5.2; 9.3 

Biochemical parameters   

Fasting Plasma Glucose 
(mmol/L) 

5.9 (0.4) 4.8; 6.8 

2h-OGTT (mmol/L) 8.0 (2.2) 4.1; 13.1 

Fecal characteristics   

Fecal pH 6.68 (0.5)  4.42; 7.51 

SCFA (µmol/g feces) 8.8 (5.1)  3.2; 23.1 

Ammonia (mmol/mol/g feces) 0.06 (0.02)  0.01; 0.14 

Fecal weight (g feces)  411 (208)  21; 982  
BMI - body mass index, BMR - basal metabolic rate, OGTT - 2 hour Oral Glucose Tolerance Test, SCFA - short 
chain fatty acids 

 

 In regards to baseline fecal characteristics, participants showed a 

mean of 411g of feces and a concentration of 8.8 µmol/g feces of fecal SCFA, 

0.06 mmol/mol/g feces of fecal ammonia and a mean pH of 6.68. 

 

4.1.2. Food Groups 

 Each food consumption was categorized into food derived from 

different dietary groups generated by Foodworks® version 8.0 software 

(Australia) (see chapter 3.4.7). The contents of each food group and its 

respective portions are presented in appendix A. 
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 As shown in table 4.2, grains (6.2 portion) were the most daily 

consumed portion of food, followed by both vegetables (4.0 portion) and 

refined sugar (4.0 portion). The least consumed group of foods was legumes 

(0.2 portion), nuts/seeds (0.3 portion) and dark green vegetables (0.3 portion). 

 Participants consumed a mean of 2.9 portion/d of protein foods, with 

red meat being consumed in greater quantities (0.9 portion) than processed 

meat (0.3 portion). 

 

Table 4.2. Food groups (portion per day) included in the cross-sectional study  
 

  
All participants 

(n=74)  

Food Groups (portion per 
day) 

 

Vegetables  4.0 (1.9) 

  Dark green vegetables  0.3 (0.4) 

  Starchy vegetables  1.5 (1.5) 

  Legumes  0.2 (0.3) 

Fruits  1.4 (1.1) 

Grains  6.2 (2.4) 

  Wholegrains  2.2 (1.6) 

  Nuts/ Seeds  0.3 (0.4) 

Refined sugar  4.0 (2.2) 

Protein food  2.9 (1.3) 

  Red meat  0.9 (0.9) 

  Processed meat  0.3 (0.3) 

Alcoholic drinks  0.7 (1.0) 
Values are presented as mean (standard deviation). See appendix A for further details 

 

4.1.3. Energy and macronutrient intake 

 Table 4.3 shows the baseline nutritional characteristics, particularly EI, 

macronutrients and alcohol consumed by the study population from the 

assessment of food reports.  

 Men and women had a mean EI of 10.2 MJ (2440 kcal) and 9.3 MJ 

(2229 kcal), respectively. In general, participants consumed 40 % EI of CHO, 

19 % EI of protein, 35 % EI of fat and 13 % EI of saturated fat. 
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Table 4.3. Energy of macronutrients intake in the cross-sectional study  
 

   All participants (n=74) 

Content parameters kcal MJ  

Energy Intake 
  Men 
  Women 

2295 
(776) 
2440 
(949) 
2229 
(709) 

9.7 (3.3) 
10.2 (3.9)  
9.3 (2.9) 

 

    
Macronutrient 
parameters 

g g/MJ % EI 

Carbohydrate 234 (89) 24.3 (3.8)  40.0 (6.5) 

   Sugars 100 (56) 10.2 (3.2) 19.2 (3.9) 

   Starch 132 (53) 13.9 (3.3) 15.4 (5.4) 

   Fibre 26 (9) 2.9 (0.9) 3.3 (2.7) 

Protein 106 (33) 11.3 (2.1) 19.2 (3.6) 

Fat  91 (36) 9.4 (1.4) 34.7 (5.1) 

   Saturated fat 35 (18) 3.5 (0.9) 13.0 (3.2) 

   Monounsaturated fat  35 (14) 3.6 (0.7) 8.4 (4.3) 

   Polyunsaturated fat  14 (6) 1.5 (0.4) 13.2 (4.6) 

Alcohol  8 (14) 0.9 (1.6) 2.8 (4.8) 

Values are presented as mean (standard deviation); EI - Energy Intake 

 
 

4.1.4. Fecal Short Chain Fatty Acids 

 The fecal concentration of SCFA was correlated with anthropometric 

parameters, ammonia, fecal pH, fecal weight, food groups and nutritional 

characteristics as shown in table 4.4. 

 The fecal concentration of SCFA was positively associated with fibre 

and CHO intake, pointing out that participants with a higher consumption of 

CHO and fibre had a greater fecal concentration of SCFA. Moreover, 

regarding the correlation with food from different dietary groups, a higher 

concentration of SCFA (µmol/g feces) was significantly related to a higher 

consumption of grains (P=0.034) (portion). 

 The concentration of ammonia and fecal pH compared with SCFA 

showed an inverse correlation. Thus, participants who have a higher 

concentration of fecal ammonia and a higher pH have lower concentrations of 

SCFA in their feces. 
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Table 4.4. Association between the concentration of SCFA and anthropometric 
characteristics, fecal characteristics, food groups and nutritional characteristics of the study 
population 

 
n Correlation P-value 

Anthropometric characteristics 

Age  73 0.020 0.865 

Height 73 0.002 0.984 

BMI  73 -0.136 0.256 

Weight 73 -0.112 0.348 

Fat Mass 73 -0.005 0.965 

Fat Free Mass  73 0.082 0.493 

Waist Circumference  73 -0.112 0.348 

Fecal characteristics    

Ammonia 73 -0.370 0.001 

Fecal pH 72 -0.407 <0.001 

Fecal weight 73 0.189 0.099 

Food Groups    

Vegetables 73 0.197 0.065 

  Dark green vegetables 73 0.191 0.082 

  Starchy vegetables 73 0.201 0.076 

  Legumes 73 0.175 0.112 

Fruits 73 0.186 0.095 

Grains 73 0.283 0.032 

  Wholegrains 73 0.218 0.061 

  Nuts/ Seeds 73 0.181 0.107 

Refined sugar 73 -0.189 0.099 

Protein food 73 -0.185 0.111 

  Red meat 73 -0.139 0.232 

  Processed meat 73 -0.004 0.975 

Alcoholic drinks 73 -0.004 0.973 
 

Nutritional characteristics    

Energy Intake  73 0.189 0.097 

Carbohydrate 73 0.354 0.004 

  Sugar  73 0.115 0.334 

  Starch  73 0.122 0.303 

  Fibre  73 0.276 0.038 

Protein  73 -0.057 0.630 

Fat  73 -0.078 0.510 

Alcohol 73 -0.044 0.711 

 

4.1.5. Fecal Ammonia 

 Fecal concentration of ammonia was compared with anthropometric 

characteristics, fecal pH, fecal weight, food groups and nutritional 

characteristics as shown in table 4.5. 
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Table 4.5. Association between the concentration of ammonia and anthropometric 
characteristics, fecal characteristics, food groups and nutritional characteristics of the study 
population 

 
n Correlation P-value 

Anthropometric characteristics 

Age  74 0.056 0.678 

Height 74 0.023 0.847 

BMI  74 0.114 0.335 

Weight  74 0.119 0.313 

Fat Mass  74 0.023 0.847 

Fat Free Mass  74 -0.226 0.058 

Waist Circumference  74 0.156 0.185 

Feces biochemical characteristics    

SCFA  73 -0.370 0.001 

Fecal pH 72 0.298 0.036 

Fecal weight  74 0.009 0.940 

Food Groups     

Vegetables 74 -0.020 0.865 

  Dark green vegetables 74 -0.063 0.594 

  Starchy vegetables 74 -0.130 0.269 

  Legumes 74 -0.097 0.409 

Fruits 74 -0.075 0.528 

Grains 74 -0.001 0.994 

  Wholegrains 74 -0.133 0.257 

  Nuts/ Seeds 74 -0.033 0.781 

Refined sugar 74 0.065 0.543 

Protein food 74 0.198 0.087 

  Red meat 74 0.209 0.068 

  Processed meat 74 0.205 0.062 

Alcoholic drinks 74 0.188 0.103   

Nutritional characteristics    

Energy Intake  74 0.075 0.524 

Carbohydrate  74 -0.330 0.004 

  Sugar  74 -0.315 0.006 

  Starch  74 -0.111 0.347 

  Fibre  74 -0.156 0.185 

Protein  74 0.201 0.078 

Fat  74 0.073 0.536 

Alcohol  74 0.134 0.256 

 

 The concentration of fecal ammonia (mmol/mol/g feces) was inversely 

related to CHO (g/MJ) (P=0.004) and sugar (g/MJ) (P=0.006), showing that 

participants who eat a higher amount of food rich in CHO and sugar have less 

fecal concentration of ammonia. 
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 Moreover, fecal concentration of ammonia was directly associated with 

fecal pH, which shows that the participants who had higher concentration of 

fecal ammonia, also had higher levels of fecal pH in the stool. 

 

4.1.6. Fecal pH 

 Fecal pH was compared with baseline characteristics, fecal weight, 

food groups and nutritional characteristics as shown in table 4.6. 

 There were no significant associations between fecal pH and 

anthropometric and nutritional characteristics and different dietary food group 

intake. 
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Table 4.6. Association between fecal pH and anthropometric characteristics, fecal 
characteristics, food groups and nutritional characteristics of the study population 
 

 
n Correlation P-value 

Anthropometric characteristics 

Age  72 0.001 0.993 

Height 72 0.032 0.782 

BMI  72 -0.127 0.289 

Weight  72 -0.112 0.348 

Fat Mass  72 -0.047 0.694 

Fat Free Mass  72 0.082 0.493 

Waist Circumference  72 -0.087 0.466 

Feces biochemical characteristics    

SCFA 72 -0.407 <0.001 

Ammonia  72 0.298 0.036 

Fecal weight  72 -0.160 0.180 

Food Groups    

Vegetable 72 -0.054 0.651 

  Dark green vegetables 72 -0.028 0.813 

  Starchy vegetables 72 -0.021 0.859 

  Legumes 72 -0.068 0.572 

Fruits 72 -0.104 0.383 

Grains 72 -0.087 0.467 

  Wholegrains 72 -0.177 0.237 

  Nuts/ Seeds 72 -0.108 0.365 

Refined sugar 72 0.048 0.690 

Protein food 72 0.172 0.150 

  Red meat 72 0.005 0.970 

  Processed meat 72 0.084 0.483 

Alcoholic drinks 72 0.095 0.419 
 

Nutritional characteristics    

Energy Intake  72 -0.130 0.277 

Carbohydrate 72 -0.044 0.715 

  Sugar  72 -0.033 0.784 

  Starch  72 -0.003 0.970 

  Fibre  72 -0.030 0.786 

Protein  72 0.198 0.094 

Fat  72 0.155 0.194  

Alcohol  72 0.082 0.493 
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4.2. Longitudinal study 

 

4.2.1. Participants 

 The longitudinal study analyzed 30 participants who had completed 

baseline and one-year follow-up data collection and provided fecal samples 

and food reports at each endpoint. One-year follow-up period consisted in a 

period approximately of 10-months after 8-weeks of LED diet, as discussed in 

section 3.3.3 of the methodology chapter. In figure 4.2 it is illustrated the 

timeline of the study, within the larger PREVIEW trial in New Zealand, which 

will be focusing in CID1 (baseline) and CID4 (one-year follow-up). 

 

 

 

 

 

 

 
 

Figure 4.2. The red arrow indicates the endpoints used for the longitudinal study, within 
PREVIEW trial in New Zealand timetable; CID – Clinical Investigation Day 
 
 

 A comparison between completers (n=30) and non-completers (n=44) 

of the one-year follow-up period was conducted to understand if there were 

significant differences between the 44 participants who abandoned the study 

after the baseline measurements and the 30 participants who continue the 

study after one-year.  

 When comparing non-completers with completers, the completers 

consumed less grains (portion) (P=0.014), refined sugar (portion) (P=0.001) 

and more sugar (g/MJ) (P=0.032), starch (g/MJ) (P=0.001) and fruit (portion) 

(P=0.014), as shown in table 4.7. 

 
 
 
 
 
 

CID2 CID5 CID6 CID7 

ENDPOINTS FOR THIS SECTION 

  

Baseline 

(CID1) 

One-year 
follow-up 

(CID4) 
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Table 4.7. Dietary analysis of the completers versus the non-completers 

 Completers 
(n=30) 

Non-completers 
(n=44) 

P-value 

Anthropometric characteristics 

Age 55.2 (11.9) 56.4 (9.3) 0.618 

Height  1.66 (0.08) 1.66 (0.08) 0.312 

Weight 97.8 (16.5) 102.1 (18.8) 0.931 

BMI  36 (5) 38 (7) 0.277 

Fat Mass 43.6 (12.3) 45.8 (13.3) 0.311 

Fat Free Mass 53.4 (9.58) 55.8 (10.3) 0.478 

Waist Circumference 107.2 (12.5) 109.7 (12.9) 0.855 

Fecal characteristics    

SCFA 8.18 (4.78) 9.11 (5.35) 0.452 

Ammonia 0.064 (0.02) 0.063 (0.02) 0.827 

Fecal pH 6.56 (0.54) 6.76 (0.39) 0.096 

Fecal weight 421 (210) 410 (198) 0.442 

Food Groups    

Vegetables 4.2 (0.8) 3.9 (0.6) 0.075 

  Dark vegetables 0.4 (0.6) 0.2 (0.3) 0.155 

  Starchy vegetables 0.7 (1.1) 0.9 (0.8) 0.539 

  Legumes 0.2 (0.4) 0.1 (0.3) 0.405 

Fruits 1.2 (0.7) 0.8 (0.8) 0.014 

Grains 5.5 (2.2) 6.8 (2.5) 0.014 

  Wholegrains 2.5 (1.8) 1.9 (1.5) 0.135 

  Nuts/ Seeds 0.4 (0.4) 0.3 (0.3) 0.656 

Refined sugar 2.9 (1.4) 4.8 (2.3) 0.001 

Protein food 3.1 (1.3) 2.8 (1.3) 0.344 

  Red meat 1.1 (1.1) 0.9 (0.8) 0.296 

  Processed meat 0.3 (0.3) 0.3 (0.2) 0.951 

Alcoholic drinks 0.7 (1.1) 0.7 (1.1) 0.934 

Nutritional characteristics    

Energy Intake (MJ) 8.9 (2.5) 9.9 (3.6) 0.157 

Carbohydrate (g/MJ) 23.9 (4.1) 24.6 (3.5) 0.413 

  Sugar (g/MJ) 11.0 (3.1) 9.6 (3.2) 0.032 

  Starch (g/MJ)  12.5 (2.9) 14.6 (3.1) 0.001 

  Fibre (g/MJ) 3.1 (1.1) 2.7 (0.7) 0.149 

Protein (g/MJ) 11.7 (2.1) 10.9 (2.1) 0.159 

Fat (g/MJ) 9.24 (1.64) 9.45 (1.19) 0.244 

  Saturated Fat (g/MJ) 3.46 (0.97) 3.53 (0.79) 0.327 

  Polyunsaturated Fat (g/MJ) 1.43 (0.37) 1.46 (0.38) 0.737 

  Monounsaturated Fat (g/MJ) 3.5 (0.8) 3.7 (0.5) 0.228 

Alcohol (g/MJ) 1.0 (2.1) 0.9 (1.3) 0.934 
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 Table 4.8 shows the characteristics of the participants at baseline and 

their evolution after one-year. In general, the baseline characteristics data 

were similar to the data of the full sample (cross-sectional study) (n=74).  

  

Table 4.8. Anthropometric and fecal characteristics of the participants included in the 
longitudinal study 
 
 

All participants (n=30) Baseline Follow-up P-value 
 

Anthropometric parameters    

Age, mean (min-max) 55 (27-70)   

Height (m) 1.66 (0.08)   

Weight (kg) 97 (17) 88 (16) <0.001 

BMI (kg/m2) 36 (6) 32 (5) 0.011 

Fat Free Mass (%) 
  Men 
  Women 

53 (10) 
63 (6) 
52 (5) 

55 (9) 
70 (9) 
56 (8) 

0.083 
0.055 
0.094 

Fat Mass (%) 
  Men 
  Women 

43 (12) 
35 (7) 
47 (5) 

36 (13) 
31 (5) 
44 (7) 

0.033 
0.031 
0.034 

Waist circumference (cm) 
  Men 
  Women 

106 (13) 
111 (20) 
106 (12) 

96 (13) 
103 (14) 
95 (13) 

0.003 
0.004 
0.002 

BMR (MJ) 
  Men 
  Women 

7.1 (1.0) 
8.4 (0.7) 
6.7 (0.7) 

6.7 (0.9) 
7.77 (0.7) 
6.32 (0.7) 

<0.001 
0.001 

<0.001 
 

Feces biochemical characteristics    

Fecal pH 6.76 (0.53) 6.57 (0.28) 0.335 

SCFA (µmol/g feces) 7.55 (4.66) 8.09 (7.78) 0.591 

Ammonia (mmol/mol/g feces) 0.06 (0.02) 0.05 (0.02) 0.642 

Fecal weight (g feces) 403 (191) 429 (201) 0.257 
Values presented as Mean (Standard Deviation). BMI - body mass index, BMR - body metabolic rate, OGTT - 2 hour 
Oral Glucose Tolerance Test, SCFA - short chain fatty acids 

 

 The participants' anthropometric measurements had a significant 

reduction during this year, with the exception of fat free mass. This showed 

that the participants substantively lost weight and improved their body 

composition. Interestingly, there were no changes in fecal weight, fecal pH 

and fecal concentrations of ammonia and SCFA.  

 

4.2.2. Food Groups 

 Table 4.9 presents the intake food of different dietary groups analyzed 

in this study at baseline and the evolution after one-year follow-up. The only 
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food group that had a significantly change was refined sugar (portion) 

(P=0.001) to nearly half of its initial consumption. However, vegetables, dark 

green vegetables, legumes and fruits have increased, although not 

significantly. 

 

Table 4.9. Food groups (portion per day) included in the longitudinal study 

  
All participants 

(n=30) 

Food Groups (portion per 
day) 

Baseline Follow-up 
P-

value 

Vegetables  4.0 (1.9) 4.9  (2.1) 0.110 

  Dark green vegetables  0.3 (0.4) 0.4 (0.4) 0.903 

  Starchy vegetables  1.5 (1.5) 0.8  (1.2) 0.442 

  Legumes 0.15 (0.3) 0.18 (0.4) 0.095 

Fruits  1.4 (1.0) 2.2  (2.1) 0.651 

Grains  6.2 (2.4) 5.3 (2.6) 0.448 

  Wholegrains  2.1 (1.6) 2.0  (1.9) 0.233 

  Nuts/ Seeds  0.3 (0.4) 0.3 (0.4) 0.797 

Refined sugar 4.1 (2.2) 2.4  (1.7) 0.023 

Protein food  2.9 (1.3) 2.7  (1.7) 0.773 

  Red meat  0.9 (0.9) 0.8  (0.8) 0.149 

  Processed meat  0.3 (0.3) 0.2  (0.4) 0.734 

Alcoholic Drinks 0.8 (1.0) 0.6  (1.1) 0.693 
Values are presented as mean (standard deviation). See appendix A for further details 

 
 

4.2.3. Energy and macronutrients intake 

 In table 4.10, are demonstrated the EI, macronutrients and alcohol 

consumed by the participants at baseline and the evolution after one-year of 

follow-up.  

 Primarily, EI had an average daily consumption of 8.7 MJ (2072 kcal) 

for men and 9.3 MJ (2222 kcal) for women. These values had a decrease to 

8.7 MJ (2072 kcal) for men and to 7.2 MJ (1829 kcal) women after one-year.  

 Saturated fat intake had a significant decrease between baseline and 

one-year follow-up. Proving that after one-year and approximately 10-months 

of the LED diet, participants reduced from 13 EI % to 11 EI %. 
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Table 4.10. Energy and macronutrient intake in the longitudinal study  

 
 

 All participants (n=30) 

Content parameters Baseline Follow-up P-value 

Energy (kcal) 
  Men 
 Women 

2202 
(519) 
2319 
(136) 
2222 
(556) 

1936 
(880) 
2072 
(374) 
1829 
(898) 

0.192 

Energy (MJ) 
  Men 
  Women 

9.2 (2.1) 
9.7 (2.7) 
9.3 (2.3) 

8.1 (3.7) 
8.7 (1.6) 
7.2 (2.4) 

0.188 

Macronutrient 
parameters 

   

Carbohydrate (g) 
Carbohydrate (EI%) 

220 (57) 
40 (7) 

191 (101) 
39 (10) 

0.186 

  Sugars (g) 
  Sugars (EI%) 

104 (38) 
20 (4) 

99 (63) 
19 (4) 

0.061 

  Starch (g) 
  Starch (EI%) 

114 (32) 
16 (5) 

101 (48) 
15 (6) 

0.074 

  Fibre (g) 
  Fibre (EI%) 

26.5 (7.8) 
2.4 (0.8) 

28.8 
(14.5) 

3.3 (0.9) 
0.134 

Protein (g) 
Protein (EI%) 

108 (26) 
20 (3.2) 

107 (53) 
19 (4.3) 

0.578 

Fat (g) 
Fat (EI%) 

87 (31.5) 
35 (6) 

74 (41) 
33 (8) 

0.074 

  Saturated fat (g) 
  Saturated fat (EI%) 

33 (14) 
13 (4) 

25 (15) 
11 (4) 

0.048 

  Monounsaturated fat 
(g) 
  Monounsaturated fat 
(EI%) 

34 (13) 
11 (4) 

34 (18) 
12 (4) 

0.339 

  Polyunsaturated fat 
(g) 
  Polyunsaturated fat 
(EI%) 

13 (5) 
9 (5) 

12  (8) 
9 (6) 

0.435 

Alcohol (g) 
Alcohol (EI%) 

7.5 (10.6) 
2.9 (3.7) 

6.3 (10.9) 
2.5 (6.6) 

0.696 

 

 

4.2.4. Fecal Short Chain Fatty Acids Variation 

 In table 4.11 is illustrated the association between the variation (Δ) of 

SCFA (µmol/g feces) and the Δ of anthropometric characteristics, ammonia 

(mmol/mol/g feces), fecal weight (g), fecal pH, food groups and nutritional 

characteristics. 
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 The Δ of SCFA over one-year was associated with a decrease in Δ of 

ammonia and fecal pH. The increase of the Δ of SCFA was also associated with 

an increase in the Δ of the consumption of refined sugar (portion/d) (P= 0.033), 

vegetables (portion/d) (P= 0.048) and grains (portion/d) (P= 0.029).  

 

Table 4.11. Association between the Δ of SCFA and the Δ of anthropometric characteristics, 
fecal characteristics, food group and nutritional characteristics of the study population 
 

 
n Correlation P-value 

Variation of anthropometric characteristics 

Weight  30 0.039 0.843 

BMI  30 0.164 0.405 

Fat Mass  30 -0.047 0.810 

Fat Free Mass  30 0.032 0.928 

Waist Circumference  30 0.004 0.984 

Variation of fecal characteristics    

Ammonia 23 -0.578 0.004 

Fecal pH 17 -0.598 0.002 

Fecal weight 30 0.131 0.505 

Variation of Food Groups     

Vegetables 30 0.376 0.048 

  Dark green vegetables 30 0.241 0.217 

  Starchy vegetables 30 0.188 0.339 

  Legumes 30 0.216 0.269 

Fruits 30 0.087 0.658 

Grains 30 0.437 0.029 

  Wholegrains 30 0.288 0.137 

  Nuts/ Seeds 30 0.217 0.268 

Refined sugar 30 -0.426 0.033 

Protein food 30 -0.230 0.239 

  Red meat 30 -0.053 0.788 

  Processed meat 30 -0.211 0.334 

Alcoholic drinks 30 -0.220 0.312 
 

Variation of nutritional characteristics    

Energy Intake 30 0.184 0.349 

Carbohydrate 30 0.362 0.072 

  Sugar  30 0.144 0.464 

  Starch  30 0.103 0.603 

  Fibre 30 0.391   0.054 

Protein  30 -0.049 0.806 

Fat  30 -0.027 0.892 

Alcohol  30 -0.223 0.309 
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4.2.5. Fecal Ammonia Variation 

 In table 4.12 is illustrated the association between the Δ of ammonia 

(mmol/mol/g feces) and the Δ of anthropometric characteristics, fecal weight, 

fecal pH, food groups and nutritional characteristics. 

 

 

Table 4.12. Association between the Δ of ammonia and the Δ of anthropometric 
characteristics, fecal characteristics, food group and nutritional characteristics of the study 
population 
 

 
n Correlation P-value 

Variation of anthropometric characteristics 

Weight  23 0.372 0.079 

BMI  23 0.093 0.673 

Fat Mass 23 0.307 0.154 

Fat Free Mass  23 -0.035 0.876 

Waist Circumference  23 0.333 0.120 

Variation of feces biochemical characteristics    

SCFA  23 -0.578 0.004 

Fecal pH 17 0.374 0.078 

Fecal weight 23 -0.180 0.412 

Variation of Food Groups     

Vegetables 23 -0.065 0.767 

  Dark green vegetables 23 -0.314 0.112 

  Starchy vegetables 23 -0.020 0.904 

  Legumes 23 -0.314 0.144 

Fruits 23 -0.209 0.292 

Grains 23 -0.186 0.395 

  Wholegrains 23 -0.162 0.460 

  Nuts/ Seeds 23 -0.048 0.809 

Refined sugar 23 0.344 0.073 

Protein food 23 0.372 0.060 

  Red meat 23 0.359 0.069 

  Processed meat 23 0.352 0.072 

Alcoholic drinks 23 0.222 0.256 
 

Variation of nutritional characteristics    

Energy Intake  23 0.038 0.864 

Carbohydrate 23 -0.211 0.334 

  Sugar 23 0.307 0.154 

  Starch 23 -0.185 0.349 

  Fibre  23 -0.412 0.032 

Protein  23 0.342 0.090 

Fat  23 0.333 0.120 

Alcohol 23 0.221 0.251 
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 The Δ of ammonia (mmol/mol/g feces) between baseline and one-year 

follow-up was negatively correlated with the Δ of fibre intake (g/MJ) and SCFA 

(µmol/g feces), suggesting that an increase of Δ of fibre intake and an 

increase in the Δ of fecal SCFA concentration were found in participants who 

had less Δ of the concentrations of fecal ammonia.  

 

4.2.6. Fecal pH Variation 

 In table 4.13 are the results of the association between the 17 

participants whom it was possible to measure fecal pH. Hence, Δ fecal pH 

was compared with the Δ of baseline characteristics, fecal weight, food 

groups and nutritional characteristics. 

 There were no significant associations between the Δ fecal pH and the 

Δ of anthropometric and nutritional characteristics and the Δ of different 

dietary food group intake. 
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Table 4.13. Association between the Δ of fecal pH and the Δ of anthropometric 
characteristics, fecal characteristics, food group and nutritional characteristics of the study 
population 
 

 
n Correlation P-value 

Variation of anthropometric characteristics 

Weight  17 0.284 0.305 

BMI  17 0.432 0.108 

Fat Mass 17 -0.228 0.414 

Fat Free Mass  17 0.302 0.273 

Waist Circumference  17 -0.614 0.115 

Variation of feces biochemical characteristics    

SCFA  17 -0.598 0.002 

Ammonia  17 0.374 0.078 

Fecal weight  17 0.206 0.462 

Variation of Food Groups     

Vegetables 17 -0.284 0.304 

  Dark green vegetables 17 -0.146 0.603 

  Starchy vegetables 17 -0.313 0.256 

  Legumes 17 0.127 0.652 

Fruits 17 -0.509 0.053 

Grains 17 -0.383 0.158 

  Wholegrains 17 -0.072 0.800 

  Nuts/ Seeds 17 -0.194 0.488 

Refined sugar 17 0.146 0.603 

Protein food 17 0.371 0.065 

  Red meat 17 0.376 0.167 

  Processed meat 17 0.379 0.166 

Alcoholic drinks 17 0.082 0.770 
 

Variation of nutritional characteristics    

Energy Intake 17 0.324 0.208 

Carbohydrate  17 -0.039 0.890 

  Sugar  17 0.025 0.930 

  Starch  17 -0.333 0.120 

  Fibre 17 -0.139 0.482 

Protein 17 0.143 0.471 

Fat  17 0.314 0.144 

Alcohol 17 0.010 0.951 
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Chapter 5. Discussion 
  

5.1. Main findings 

 The present dissertation has shown that fecal concentrations of SCFA, 

ammonia and fecal pH are associated with some foods and nutrient 

consumption. It also shows that stool composition is dependent on healthy 

eating habits that can affect the colon, leading to a healthy colonic 

environment. 

 More specifically, in the cross-sectional study, this dissertation has 

shown a high intake of CHO, fibre and grains is associated with higher fecal 

concentration of SCFA. Lower fecal ammonia is, on the other hand, 

associated with lower CHO and sugar intake. Also, fecal pH is associated with 

both a higher concentration of fecal ammonia and a lower concentration of 

fecal SCFA.  

 After an evolution of one-year, the increase of the Δ of CHO and grains 

consumption continues to be associated with an increased Δ of fecal SCFA 

while the Δ of fecal ammonia is associated with a decrease Δ of fibre. Again, 

in this follow-up period, the Δ of SCFA is indirectly associated with the Δ of 

fecal pH and the Δ of ammonia. Hence, an increasing fecal pH is associated 

to a decrease of SCFA and an increase of ammonia. 

 These findings are consistent with literature review, which shows that a 

lower fecal concentration of SCFA, a higher fecal concentration of ammonia 

and a higher fecal pH are associated with hazardous metabolites in the stool 

that may increase the risk of developing CRC (14, 63). Also, several studies and 

organizations worldwide have found that a low consumption of vegetables, 

grains, wholegrains and fruits and a higher intake of protein food, red meat 

and processed meat intake are associated with a lower fecal SCFA and a 

higher fecal ammonia and pH, leading, once again, to a harmful colonic 

environmental that promotes a pro-inflammatory status that could lead to CRC 

development (65, 104). 
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5.2. Samples characteristics 

 In this dissertation participants have an increased risk of developing 

CRC due to their mean age >50 years old (107). In fact, approximately 95% of 

CRC incidence worldwide comes from individuals with an age >50 years old, 

making it one of the most important risk factors for the development of this 

disease (17).  

 Another anthropometric topic that is considered a risk factor of the 

development of CRC is obesity and thus, a BMI >30 kg/m2 (83). In both studies 

participants have a mean BMI of 37 kg/m2 (cross-sectional study) and 36 

kg/m2 (longitudinal study). According to several studies, obesity is strongly 

associated with CRC development (108, 109). The mechanism behind these 

findings appears to be the chronic inflammatory state and hormonal 

dysregulation status, such as, insulin resistance and the rise of leptin and 

estrogen levels that contribute to a hyperproliferative and chronic 

inflammatory state in the colon mucosa (110, 111). Karahalios et. al (2015), 

showed that there is a 33% increase risk of developing CRC in obese 

individuals compared with normal weight individuals (BMI between 18.5 to 

24.9 kg/m2) (90).  

 Further on, in this dissertation participants are in a pre-diabetic state, 

according to ADA criteria (100). A recent retrospective cohort study analyzed 

11,933 participants for a period of 10-years and, using colonoscopy and 

continuously enrolling them in managed care organization, found a higher 

prevalence of colonoscopy-confirmed colorectal adenomatous polyps in 

participants with older age and with a higher BMI and diagnosed T2DM (112). 

However the association between T2DM and colorectal adenomatous polyps 

was not significant after adjusting for several confoundings and up to now, 

there are inconclusive studies regarding T2DM and CRC development. 

Another study using colonoscopy and a control group, found out that women 

with T2DM were 2.74 (95% CI: 0.94–7.99) times more likely to develop CRC 

than women without T2DM (113). In fact, an hyperinsulinemic state, an insulin 

resistance and the chronic inflammatory stage of overweight or obese 

individuals are the mechanism behind the link between obesity, T2DM and 

CRC (114).  
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 For both genders, there is a daily intake of approximately 40 % EI 

CHO, 19 % EI protein, 35 % EI fat and 13 % EI of saturated fat. According to 

WHO guidelines, the average CHO intake is below the recommended range 

(45% to 60%) while the average consumption of fat and saturated fat are 

higher than recommended (<30% and <10%, respectively) (115, 116).  

 Between baseline and a one-year follow-up a >8% weight loss phase 

using a LED diet was implemented for 2-months. This intervention resulted in 

a reduced body weight, free fat mass and BMI, as shown elsewhere (97). In the 

present dissertation it is shown that the results of the weight loss phase on 

body weight and BMI were maintained after 10-months of the intervention 

phase (and, thus, after one-year since baseline), with participants exhibit a 

mean of 6.8% less body weight and BMI lowering around 4 kg/m2.  

 Regarding macronutrients intake there were only two main significant 

improvements. Thus, after one-year of follow-up, fat and saturated fat 

continued to be higher than of the WHO recommendations (115, 116). 

Nevertheless, throughout this dissertation, participants reduced their total EI 

and, consequently, increased their healthy eating habits by reducing saturated 

fat and refined sugar intake. 

 Weight loss is attributable to a broad range of factors, including altered 

metabolism, decreased dietary intake, healthier food choices and increased 

energy expenditure (18, 94). This is beneficial to obese population since it has 

been hypothesized to decrease systemic inflammation in overweight or obese 

individuals and mediate anti-cancer effects in the colon and rectum (95, 109). 

Thus, helping to reduce the risk of developing CRC (108, 109). Although limited 

studies have investigated the effect of weight loss in CRC development, 

Beeken et al. (2017) implemented a 8-week liquid LED in 20 adults with >30 

kg/m2 and studied the effect of diet-induced weight loss concluding that after 

14% of weight loss there was a significant reduction in proliferation markers of 

CRC and increased cancer cells apoptosis (117).  
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5.3. Fecal biochemical characteristics  

 Indirect biomarkers are a useful tool in dietary assessment as a 

complement to self-reported dietary information. Biomarkers are independent 

from traditional dietary assessment methods such as food reports and its 

associated bias (118). The indirect biomarkers from fecal samples collected for 

this thesis are though to be related to the risk of developing CRC as shown in 

literature review (14, 37). When comparing indirect biomarkers of the risk of 

developing CRC with dietary consumption, a healthy eating pattern has been 

shown to be associated with a healthier colonic environment, i.e. higher 

concentration of SCFA in parallel with lower pH and a lower concentration of 

ammonia (14, 29, 37). Although the mechanism behind this theory has been 

proven and compare to CRC patients (21, 104, 119, 120), there are not enough 

studies correlating this indirect biomarkers of CRC with macronutrients, 

different dietary food groups and eating habits in overweight or obese (and 

pre-diabetic) individuals.  

 

5.3.1. Fecal Short Chain Fatty Acids 

 In this dissertation a higher fecal SCFA concentration was associated 

with a higher intake of CHO, fibre, and also, grains consumption. An evolution 

of one-year showed that an increase Δ of SCFA also lead to an increase of 

CHO Δ intake. A study implemented a short-term (8-weeks) low-CHO and 

high-fat diet and showed detrimental effects on the concentration and 

excretion of fecal SCFA compared with a high-CHO and low-fat diet (121). 

Another study correlating dietary changes between a high-fat and low-fiber 

diet to a low-fat and high-fiber diet showed a significant impact on CRC risk in 

humans (122).  

 Regarding fibre intake, there is a tendency although not significant, in 

the follow-up study, for an increase of the Δ of SCFA with the increase of the 

Δ of fibre consumption. In parallel, several studies have shown that the 

consumption of different grains (123, 124), resistant starch (54) and complex CHO 

(120, 125) are associated with SCFA and with the prevention of the risk of 

developing CRC. SCFA are the major metabolic end-products of the 
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fermentation of CHO not only from fibre but also non-starchy polysaccharides 

such as resistant starch (14). Fibre has been related to a healthier lifestyle not 

only due to its promotion of weight loss and improvement in glycemic control 

(35) but also due to its putative anti-carcinogenic mechanisms in the intestine, 

such as the reduction of secondary bile acids production and reduction of the 

intestinal transit time by increasing fecal bulk (126). SCFA induce apoptotic cell 

death in CRC cells, and further mechanisms have been discovered, including 

the involvement in lysosomal membrane permeability, associated with 

mitochondria dysfunction and degradation (29). Nonetheless fecal SCFA are 

prevenient from sources of complex CHO, such as broccoli, carrots and 

potatoes (49, 127). 

 When comparing SCFA in the stool with the intake of fruits and 

vegetables, although the cross-sectional study did not show a significant 

correlation between them, there is a tendency for the perception that a higher 

intake of vegetables and fruits, could lead to a higher fecal concentration of 

SCFA. In this dissertation, after a year of follow-up, it is shown that there was 

an increase of the Δ of fecal SCFA in participants with an increased Δ of 

vegetable consumption. The NIH-AARP Diet and Health Study assessed a 

food frequency questionnaire and found a correlation between vegetable 

intake and the risk of developing CRC but failed to show this correlation with 

fruit intake. The Japan Collaborative Cohort Study for Evaluation of Cancer 

Risk using self-administered questionnaire in 598 605 person-years of subject 

follow-up found that a low intake of vegetables and fruits were not correlated 

with the risk of developing CRC (128). However, regarding the comparison 

between fecal concentration of SCFA and vegetable and fruit intake Muir et al. 

(2009), using a high performance liquid chromatography showed that several 

vegetables present complex CHO that are poorly absorbed by the small 

intestine and may have a wide range of effects on gastrointestinal metabolism 

(129). As to fruits, although there are also high concentrations of complex CHO, 

there is a great amount of simple CHO, such as frutose and sacarose, which 

could lead to a higher absortion and, thus, a lower presence of complex CHO 

in the colon, hence, a lower bacterial production of SCFA (129). In general, 

vegetables and fruits have an efficient amount of complex CHO, resistant 
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starch and fibre, however it is the osmotic effects and microbial fermentation 

of SCFA that could escape digestion or absorption in the small intestine that 

could lead to the genesis of functional gut symptoms (129).  

 In the longitudinal study, throughout one-year of follow-up, an increase 

in the Δ of refined sugar intake lead to a decrease in the Δ of fecal SCFA 

concentration. Although this correlation was not significantly in the cross-

sectional analysis and there are not a lot of studies to prove this association, 

Vecchia et al. (1993) studied the relation between refined sugar, provenient 

from sugar added in coffee and other beverages in a case-control study 

evaluating a sample size of approximately 4,431 individuals and found that a 

higher intake of refined sugar could be related to CRC development (130). In 

regards its relation to a fecal concentration of SCFA, although there are not a 

enough studies comparing these values, the mechanism behind this finding 

seems to be the composition of refined sugars, which, in the colon does not 

promote the production of SCFA (since it does not contain complex CHO, 

resistant starch or fibre), but rather the production of secondary bile acid 

(which is, on the other hand associated with fat intake and could contribute to 

the development of CRC itself) (131). 

 

5.3.2. Fecal Ammonia 

 Throughout this dissertation a higher fecal concentration of ammonia 

was associated with a lower CHO and sugar intake. After an evolution of one 

year, the increase of the Δ of fibre intake was associated with a decrease of 

the Δ of fecal ammonia concentration. These associations were comparable 

with different findings of several studies (64, 104). A crossover study 

implemented a 4-week weight-loss high protein (≈ 29% EI) and a low (≈ 10% 

EI) to medium (≈ 35% EI) CHO diet and showed, that a low CHO and high 

protein diet lead to an increase of hazard metabolites, such as fecal ammonia 

(104). A RCT that included 38 overweight individuals, although it did not show a 

significant Δ of fecal ammonia concentration when implementing a 3-week 

high-protein diet showed that the quantity and source of dietary proteins act 

as regulators of gut microbiota metabolite production and host gene 
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expression in the rectal mucosa (65). In 1996, Birkett et al., in a randomized 

crossover study design showed, that a high vs a low-resistant starch diet 

caused a significant decrease in protein metabolites that ultimately resulted in 

the reduction of fecal ammonia in 11 participants during a 3-week trial (21).  

 Although, this dissertation did not find a significant association between 

fecal ammonia concentration and protein food, red and processed meat 

intake; several studies point out that higher levels of protein fermentation can 

lead to CRC development (132) and, thus, higher fecal ammonia concentration 

(37). In fact, Amaral et al. (2002) using a food frequency questionnaire has 

shown in a large epidemiologic study in Portugal, that CRC could be related 

with a higher intake of several protein rich food, such as white fish, fatty red 

meat and the habit of non-removal of visible fat in meat (133). Although these 

results were only found in men, further investigations should be conduct to 

confirm this findings and to compare with ammonia concentration in stool (133).  

 Appreciable amounts of ammonia are generated in the large bowel 

through bacterial degradation of proteins and peptides, and experimental 

studies indicate that ammonia may select for neoplastic growth (22, 37). Fecal 

ammonia has a range of toxic effects that suggest that it could damage the 

colonic epithelium (37). Moreover, a higher concentration of ammonia 

prevenient from protein fermentation and, as shown in chapter 1, a higher 

animal protein intake lead with a decrease of fibre and complex CHO intake 

could lead to several carcinogenic compounds that could deteriorate the 

colonic environment and cause CRC development (22, 37). 

 Moreover, in this dissertation, not only a higher concentration of fecal 

ammonia was correlated with a lower fecal SCFA, but also, in a evolution of a 

year, an increase in the Δ of fecal ammonia was strongly associated with a 

decrease in the Δ of SCFA. Several studies that have been cited in this thesis 

have showed this association when comparing a high-CHO and low protein 

diet (65) or vice-versa (104). The mechanism behind this findings is that bacteria 

assimilates ammonia to form bacterial protein during complex CHO 

fermentation (37). Thus, the concentration of ammonia depends on fecal 

concentration of SCFA to keep the balance between amino acid deamination 

and bacterial protein synthesis. 
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5.3.3. Fecal pH 

 This dissertation as shown that not only a higher fecal pH is associated 

to a higher fecal ammonia and lower SCFA in the cross-sectional study, but 

that these findings continue to be demonstrated after one-year follow-up, 

showing that the Δ of fecal pH increases when there is a decrease of the Δ of 

fecal SCFA. Ohigashi et al. (2012), has shown in a study relating patients with 

colorectal adenomas and healthy individuals that a higher pH was correlated 

with CRC development and that this latter was also correlated with a lower 

fecal SCFA concentration (120). Lowering fecal pH induces apoptosis of 

cancerous cells and protects against overgrowth by pathogenic 

microorganisms (38). Studies focusing on metabolites in different regions of the 

colon showed that the proteolytic activity of gut bacteria is higher in the distal 

parts, where the pH is increasing (37, 38). SCFA are, in fact, very important for 

lowering fecal pH since it stimulates fluids and electrolyte absorption and 

enhances colonic blood flow, through relaxation of resistance vessels in the 

vasculature (37, 38).  

 A healthy colonic environment has a pH of approximately 6.64 (37). 

However as Mai et al. points out a 5.8 fecal pH is still considered healthy (119). 

Another study believes that it is considered a normal or low risk of colonic 

environment when a pH < 7 (14). In this study the fecal pH ranged between 

6.68 in the cross-sectional study and 6.57 after one-year which is within the 

healthy patterns.  

 

5.4. Limitations and strengths 

 Since PREVIEW trial is investigating a significant change in T2DM in 

approximately 2,500 individuals over a period of 3 years, the statistical power 

year of follow-up is much smaller than the clinical trial were data was 

collected. The most straightforward limitation of these studies is the limited 

sample size. There is a gender heterogeneous  (ratio of 3 women:1 men) and 

the socioeconomic status of the population was not evaluated. Moreover, the 

PREVIEW trial and this thesis do not present a control group. 
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 Fecal sample have the strength of being host-specific and 

representative of the inter-individual variances (134). However, fecal SCFA and 

ammonia are the resultant of their production minus absorption therefore, their 

measurement rather indicate losses and do not adequately reflect in situ 

production rates (135).  

 A further limitation of this study was related to the collection of dietary 

reported intake. Dietary reporting has been well documented to be subject to 

reporters bias, when validated with urinary nitrogen testing or doubly-labeled 

water (136). Nonetheless, reporting bias is a common occurrence in scientific 

research and consequently affects the strength of correlations seen between 

variables (136, 137). Thus, a validation of food diary reports in this thesis used 

two limit cut-off points to exclude both the tendency of the participant or the 

possible incorrect use of food report measurements by the participant. In an 

attempt to increase the accuracy of dietary data, participant food diaries were 

reviewed at each relevant endpoint by research staff. Information regarding 

the quantity, recipes and types of food were clarified with participants.  

 Another limitation was that the present dissertation was of limited 

duration. The development of CRC may takes several years, thus the 

relatively short period may no be sufficient to demonstrate a long-term 

consequences of a higher protein intake. 

 

5.5. Conclusions 

 The main aim of this study was to understand the correlation between 

dietary intake and the indirect biomarkers of the risk of developing CRC. 

Overall this thesis suggests that a higher CHO, grains and fibre intake is 

related to a higher fecal SCFA concentration and a lower fecal pH and fecal 

ammonia concentration and, thus, reducing the potential risk of developing 

CRC by increasing butyrate-ferment bacteria in the gut microbiota and 

increasing colonic health. However further studies should be elaborated to 

confirm this findings and it must be borne in mind that this study was 

conducted in a small sample, in a short time period and without a control 

group. 
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 SCFA, ammonia and fecal pH seem to be a low-cost, low-toxicity 

approach to colorectal prevention that warrants testing, particularly in high-risk 

populations Further research is needed to determine what are the exact 

macronutrients responsible for a lower risk of developing CRC.  

 

5.6. Further investigation 

 In order to continue investigating and finding significant results to 

support this study, it would be interesting to do a study in a bigger sample size 

and a randomized population using a control group.  

 It would also be interesting to divide in groups those participants who 

eat a plant-based diet and others who eat a high-protein diet. Moreover, it is 

crucial to study not only different micronutrients and the fecal biochemical 

characteristics of the risk of developing colorectal cancer but also its relation 

to total fecal weight.  
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Appendix A 

Food Group Serving and Food included 

Vegetables 

A standard serve is approximately 75g (250–350kJ) or: ½ cup cooked 
green or orange vegetables (for example, broccoli, spinach, carrots or 
pumpkin) ½ cup cooked dried or canned beans, peas or lentils 1 cup green 
leafy or raw salad vegetables ½ cup sweet corn ½ medium potato or other 
starchy vegetables (sweet potato, taro or cassava) 1 medium tomato 

Dark Green 
Vegetables 

A standard serve is about 75g (250–350kJ) or: ½ cup cooked green 
vegetables (for example, broccoli, spinach), 1 cup green leafy or raw salad 
vegetables  

Starchy 
vegetables 

A standard serve is about 75g (250–350kJ) or: 1 cup green leafy or raw 
salad vegetables ½ medium potato or other starchy vegetables (sweet 
potato, taro or cassava) 

Legumes 
A standard serve is about 75g (250–350kJ) or: ½ cup cooked dried or 
canned beans, peas or lentils  

Fruits 

A standard serve is about 150g (250-350kJ) or: 1 medium apple, banana, 
orange or pear 2 small apricots, kiwi fruits or plums 1 cup diced or canned 
fruit (no added sugar) Or only occasionally: 125ml (½ cup) fruit juice (no 
added sugar) 30g dried fruit (for example, 4 dried apricot halves, 1½ 
tablespoons of sultanas) 

Grains 

A standard serve is (400-500kJ) or: 1 slice (40g) bread ½ medium (40g) roll 
or flat bread; ½ cup (75-120g) of cooked rice, pasta, noodles, barley, 
buckwheat, semolina, polenta, bulgur or quinoa; ½ cup (120g) cooked 
porridge; ²/3 cup (30g) wheat cereal flakes ¼ cup (30g) muesli; 3 (35g) 
crispbreads; 1 (60g) crumpet; 1 (35g) small muffin or scone 

Wholegrains 

A standard serve is (400-500kJ) or: ½ cup (75-120g) of cooked buckwheat, 
semolina; ½ cup (120g) cooked porridge; ²/3 cup (30g) wheat cereal flakes 
¼ cup (30g) muesli; 3 (35g) crispbreads 

Nuts/ Seeds 
A standard serve is 30g nuts, seeds, peanut or almond butter or tahini or 
other nut or seed paste 

Refined 
Sugar 

 

Protein Food 

A standard serve is (500–600kJ): 65g cooked lean red meats such as beef, 
lamb, veal, pork, goat or kangaroo (about 90-100g raw) 80g cooked lean 
poultry such as chicken or turkey (100g raw) 100g cooked fish fillet (about 
115g raw) or one small can of fish 2 large (120g) eggs 1 cup (150g) cooked 
or canned legumes/beans such as lentils, chick peas or split peas, 170g 
tofu  

Red meat 
A standard serve is (500–600kJ): 65g cooked lean red meats such as beef, 
lamb, veal, pork, goat or kangaroo (about 90-100g raw) 

Processed 
meat 

A standard serve is (500–600kJ): 65g cooked red meats such as 
frankfurters, sausage, corned beef, cured ham and luncheon meat made 
from beef, pork or poultry 

Alcoholic 
drinks 

 

Addapted from information in https://xyris.com.au/ 
 
 


