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external environment, which ultimately contributes to the risk of developing obesity as well as adverse 

metabolic health outcomes (Garaulet et al. 2013, Jakubowicz et al. 2017, Collins et al. 2018).  Therefore, 

properly timed meals in alignment with the circadian timing of other biological clocks are important to 

ensure energy balance, metabolism, and health (Garaulet et al. 2013, Jakubowicz et al. 2017, Collado 

et al. 2018, Collins et al. 2018). The timing and composition of food intake relative to daily activities 

serve as a powerful zeitgeber (Salgado-Delgado et al. 2010 , Nelson & Chbeir 2018, Challet 2019). 

Chronotype therefore drives not only preferences for sleep and wake times, but also the timing of food 

intake (fasting or eating), which may explain the higher obesity prevalence in ET.  

Describing the obesity aetiology solely as excessive energy intake mismatched with energy expenditure, 

may be too simplistic. Of the vast range of biological, environmental, and socio-economic factors 

causing obesity, the timing of food intake, energy density and composition of meals and eating 

behaviour may all influence each other and further be modulated by the circadian regulation of 

metabolic functions. Thus, interactions between the timing of food intake and the composition of food 

/ meals, are all potentially involved as obesity risk factors (schematically shown in Figure 1.1). This 

may further contribute to explaining the complex aetiology of obesity and other metabolic diseases and 

may be a potential intervention target area for treating and preventing obesity. In turn, these factors may 

also exert effects on other internal clocks. 

 

 

 

 

 

 

 

 

Figure 1.1 - Possible interplaying factors in obesity & metabolic disease outcome 

1.2 Problem statement & research questions 

This PhD research forms part of the PRedictors linking Obesity and the MIcrobiomE (PROMIsE) study 

(funded by the Health Research Council New Zealand (NZ)) which was conducted as a large cross-
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The main research questions that arise from these problems are: 

(1) Is chronotype associated with body composition? 

(2) Are there differences in eating patterns (nutritional composition and timing of meals) between 

different chronotypes? 

(3) Are chronotype-specific eating patterns associated with body composition? 

(4) Is chronotype associated with metabolic health biomarkers? 

(5) Are there differences in eating behaviours between different chronotypes? 

(6) Are chronotype specific eating behaviours associated with body composition? 

1.3 Research aim  

The aim of this PhD research is therefore to explore the diet in-depth (eating patterns and eating 

behaviours) as it relates to different chronotypes and metabolic health markers of NZ Europeans and 

Pacific women with different body fat profiles (lean and obese) and varied metabolic disease risk 

factors.  Figure 1.2 illustrates the three identified research areas as well as the related variables that will 

be explored. 

 

 

 

 

 

 

 

 

 

Figure 1.2 - Schematic overview of the key research variables 
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evidence whether chronotype is associated with body composition, and (ii) if this has an effect 

on dietary intake, eating behaviours and metabolic biomarkers in healthy adults.  This 

systematic review provided background knowledge, identified the research gaps and guided 

the statistical analysis of the PROMIsE study data.   

Based on the data of the PROMISE study: 

(2) To investigate if chronotype is associated with body composition in healthy young women (NZ 

European, Pacific women).  

(3) To describe the diet of these women of in terms of eating patterns (nutritional composition and 

timing of meals) and to investigate whether chronotype and body composition are associated 

with the eating patterns.  

(4) To investigate whether chronotype is associated with metabolic biomarkers. 

(5) To identify dietary patterns (food and nutrient patterns) and investigate if the patterns are 

associated with chronotype and body composition. 

(6) To investigate the associations between chronotype, eating behaviours (restraint, hunger, and 

disinhibition), eating attitudes (dieting, oral control, and bulimia & food preoccupation), and 

body composition.  

1.5 Research outcomes and contributions 

With this PhD research we focused on diet in terms of patterning (spacing, skipping and timing of 

meals), the format of the meal (food combinations and nutrient content), and the eating behaviours, 

within different chronotypes and associations with body composition measures (body mass index, body 

fat percentage, android and gynoid fat distribution), appetite hormones (leptin and ghrelin) and 

metabolic biomarkers (plasma glucose, insulin, glycated haemoglobin, and lipid profile). 

The first step was a systematic review, and the second step was a comprehensive data analysis by using 

the available PROMIsE data set.   

This research project had the potential to identify chronotype as an important factor to consider when 

recommending tailored dietary changes for overweight and obese individuals.  
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Figure 2.1 - Summarised biological, environmental, and social factors involved in the aetiology of 

obesity (Blüher 2019). Reproduced with permission. 

 

Lifestyle changes such as increasing physical activity (PA) and adopting a healthy eating pattern that is 

lower in calories is key to maintaining good health and a normal body weight (Bray et al. 2018). 

However, these interventions have largely been unsuccessful in promoting long-term weight reduction 

in overweight and obese persons. Therefore, research focus has shifted towards understanding the 

underlying mechanisms of obesity development (Taubes et al. 2013). One of these emerging research 

fields is circadian biology. There is increasing evidence that circadian biology is an important factor 

that may shed additional light on the drivers of obesity-related factors. One of the circadian factors is 

the timing of food intake. Food intake at the incorrect time of the day has been linked with obesity and 

poor metabolic health outcomes (Garaulet et al. 2013, Ruiz-Lozano et al. 2016). 

2.1 Obesity context in the New Zealand Pacific & New Zealand European population 

Globally the prevalence of obesity has tripled since 1975 (World Health Organization 2021). A high 

obesity prevalence is also seen in the New Zealand (NZ) population and is a major public health 

concern. NZ has the fourth highest obesity rate amongst the Organisation for Economic Co-operation 

and Development (OECD) countries and rates are continuously increasing (Ministry of Health 2020). 

Results from the 2020/2021 NZ Health Survey have shown that 66.4% of the population is currently 

overweight or obese, and 31.2 % obese. This is equivalent to one in every three adults that are affected 
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in the evening, in comparison to lean individuals (2017). Metabolically, ingested calories are optimally 

used during the morning in comparison with the evening (Cipolla-Neto et al. 2014, Roberts 1964, Van 

Cauter et al. 1997, Saad et al. 2012, Takahashi et al. 1968). The mechanisms responsible for the 

enhanced morning energy metabolism is not yet fully understood. Yosida et al. demonstrated the 

importance of breaking this overnight fast with food intake at the start of the active phase, by using a 

nocturnal mice model (2012). Their study concluded that short term early nocturnal fasting (equivalent 

to breakfast skipping) resulted in an increased energy intake, elevated lipogenesis and weight gain 

(Yoshida et al. 2012). Similar to animal models, the importance of breakfast consumption in preserving 

the clock-controlled gene activity was demonstrated in humans by Jakubowicz et al. showing that acute 

breakfast omission led to changes in the expression of clock genes and consequently, disruption of the 

circadian rhythms (2017). With alterations of the circadian clock and the clock-controlled genes, a 

change in metabolism is expected and, in this study, an enhanced postprandial glycaemic response was 

exhibited in both the healthy and type two diabetes groups (Jakubowicz et al. 2017).  

Late lunch eating 

The adverse effects of late lunch eating are supported by evidence from weight loss trials. A weight loss 

intervention study by Garaulet et al. demonstrated a difference in weight loss success between early 

(before 15:00) and late lunch eaters (after 15:00) (2013). The early eaters lost more weight in 

comparison with the late eaters on the same energy restricted diet, despite being of a similar age and 

having a similar energy intake, macronutrient distribution, estimated energy expenditure, appetite 

hormone values and sleep duration (Garaulet et al. 2013). Similarly, a late lunch time was associated 

with less successful weight loss in bariatric surgery patients (Ruiz-Lozano et al. 2016). The results from 

these two studies prompted the researchers to investigate the reason why meal timing affects weight 

loss. The study consisted of 32 lean, young women, who received standardised meals at two different 

times: early eating (lunch at 13:00) and late eating (lunch at 16:30). After one week of eating lunch 

later, the lean women showed metabolic changes that are typically seen in obese women such as a 

decrease in resting energy expenditure, decrease in carbohydrate oxidation, decrease in glucose 

tolerance as well as blunted daily cortisol (Garaulet 2020).  

Night vs day eating 

Human studies have shown the adverse effects of consuming food during the night in studies with night 

shift workers (Morikawa et al. 2008, Mota et al. 2013, Balieiro et al. 2014, Samhat et al. 2020), RCT's 

(Jakubowicz et al. 2013, Raynor et al. 2018) and an observational study (Bo et al. 2014).  

Night shift workers often experience chronic circadian misalignment (Chaput et al. 2022), as they are 

required to work during the night which is the normal sleep-rest phase. This is usually accompanied by 
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food intake during the night, thereby requiring the body to metabolise nutrients during the normal 

fasting cycle (Dumont et al. 2001, Waterhouse et al. 2003, Sharifian et al. 2005, Leung et al. 2020). 

Studies have found adverse effects of shift work in terms of on body composition, including, a higher 

risk of weight gain, obesity and metabolic syndrome (Morikawa et al. 2008, Antunes et al. 2010, 

Roenneberg et al. 2013). Other metabolic changes include increased LDL-cholesterol, triglycerides, 

insulin, and total cholesterol concentrations (Ghiasvand et al. 2006, Biggi et al. 2008). When 

investigating dietary intake, a meta-analysis found there are no differences in total energy intake 

between day and night shift workers (Bonham et al. 2016). There are also some differences in the types 

of foods consumed. Night shift workers are more likely to make unhealthy food choices and are shown 

to consume more servings of oils, meats, sweets, SFA, dietary cholesterol, and caffeine, while having 

fewer servings of fruits and vegetables in comparison with day shift workers (Morikawa et al. 2008, 

Mota et al. 2013, Balieiro et al. 2014).  

Demonstrating the importance of the nightly fasting period, a randomised crossover trial rearranged the 

meal and snack times of night shift workers with central obesity (Leung et al. 2020). The new meal and 

snack distribution ensured a five-hour long fasting period between 01:00 and 06:00. At the end of the 

four-week intervention, body weight was significantly lower, despite the daily energy intake being 

similar prior to the intervention period. The results from this trial demonstrated the effectiveness of 

rearranging meal and snack times in obesity treatment by ensuring that the body experiences the normal 

fasting cycle during the biological night (Leung et al. 2020). The evidence from the studies discussed 

above, accentuates that food intake at the incorrect time as well as unhealthy food choices (Morikawa 

et al. 2008, Mota et al. 2013, Balieiro et al. 2014), play a role in obesity and the metabolic derangement 

seen in shift workers (Morikawa et al. 2008, Mota et al. 2013, Roenneberg et al. 2013, Balieiro et al. 

2014).   

Similar to the findings from shift work studies are observational studies that have found a positive 

association between higher energy intake during the night and increased risk of obesity, metabolic 

syndrome (Bo et al. 2014) and hypertension (Almoosawi et al. 2013). Others have also shown the effect 

of late-night eating on weight loss success. Jakunowicz et al. randomised overweight and obese women 

with metabolic syndrome into two weight loss groups (breakfast vs dinner group) (2013). One group 

consumed 50% of their daily calories at breakfast and the other group consumed 50% of their daily 

calories at dinner for 12 weeks. In the large breakfast group, a greater reduction of fasting glucose, 

insulin, HOMA-IR, body weight and waist circumference were seen (Jakubowicz et al. 2013). 

Similarly, a randomized controlled eight-week pilot study demonstrated that overweight adults who ate 

50% of their calories at breakfast, 30% at lunch and 20% at dinner lost more weight in comparison with 

those who consumed 20% of their calories at breakfast, 30% at lunch and 50% at dinner (Raynor et al. 

2018).  
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Table 2.1 - Eating behaviours & associations with body composition, energy intake, hunger & satiety hormones: summary of studies 

Eating behaviours Association with body composition Association with macronutrient intake Association with hunger & satiety hormones 

Restraint - BMI  

(McGuire et al. 2001) 

- Weight  

(McGuire et al. 2001) 

- WC 

 (McGuire et al. 2001) 

- Energy (McGuire et al. 2001, Provencher et 

al. 2003) 

- Fat 

 (McGuire et al. 2001, Provencher et al. 2003) 

+ Protein (McGuire et al. 2001) 

+ Carbohydrates (McGuire et al. 2001) 

+ Ghrelin 

(Schur et al. 2008) 

NS Leptin  

(Schur et al. 2008) 

Flexible Restraint + Weight loss (McGuire et al. 2001) 

- BF  

(Provencher et al. 2003) 

- WC  

(McGuire et al. 2001, Provencher et al. 

2003) 

- BMI 

 (McGuire et al. 2001, Hays & Roberts 

2008) 

- Weight 

 (McGuire et al. 2001) 

- Energy (Provencher et al. 2003) 

- Fat 

 (McGuire et al. 2001) 

+ Carbohydrates (McGuire et al. 2001) 

 

NR 

Rigid Control + BMI  

(McGuire et al. 2001, Provencher et al. 

2003) 

+ BF  

(Provencher et al. 2003) 

+ WC  

(McGuire et al. 2001, Provencher et al. 

2003) 

+ VAT (Provencher et al. 2003) 

+ SAT (Provencher et al. 2003) 

- WC  

(McGuire et al. 2001) 

- Energy (McGuire et al. 2001) 

- Fat  

(McGuire et al. 2001) 

+ Protein (McGuire et al. 2001) 

+ Carbohydrates (McGuire et al. 2001) 

 

NR 

Disinhibition + BMI (Provencher et al. 2003, Bellisle et al. 

2004, Dykes et al. 2004, French et al. 2014) 

+ Weight  

(Dykes et al. 2004) 

+ Energy (Provencher et al. 2003, Bellisle et 

al. 2004) 

+ Fat (Provencher et al. 2003) 

- Ghrelin  

(Blundell et al. 2008) 

+ Leptin  

(Blundell et al. 2008, Benbaibeche et al. 2021) 
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+ WC 

 (Provencher et al. 2003, Dykes et al. 2004) 

+ HC 

 (Dykes et al. 2004) 

+ WtHR 

 (Dykes et al. 2004)  

+ BF 

 (Provencher et al. 2003) 

+ VAT (Provencher et al. 2003) 

+ SAT (Provencher et al. 2003) 

Habitual Disinhibition + Weight gain (Hays & Roberts 2008) 

+ BMI 

 (Hays & Roberts 2008) 

+ Energy (Provencher et al. 2003, Bellisle et 

al. 2004) 

+Fat 

 (Provencher et al. 2003) 

NR 

Situational 

Disinhibition 

+ BMI  

(Hays & Roberts 2008) 

+ Energy (Provencher et al. 2003) 

+ Fat (Provencher et al. 2003) 

 

NR 

Emotional 

Disinhibition 

+ Weight gain (Hays & Roberts 2008) 

+ BMI 

 (Hays & Roberts 2008) 

NR NR 

Hunger 

 

+ BMI (Provencher et al. 2003, Dykes et al. 

2004, French et al. 2014) 

+ Weight  

(Dykes et al. 2004) 

+ WC 

 (Dykes et al. 2004, Provencher et al. 2003) 

+ HC 

 (Dykes et al. 2004) 

+ WtHR 

 (Dykes et al. 2004)  

+ BF 

 (Provencher et al. 2003) 

+ VAT (Provencher et al. 2003) 

+ SAT 

(Provencher et al. 2003) 

+ Energy (Provencher et al. 2003) + Ghrelin 

 (Langlois et al. 2011) 

+ Leptin 

 (Blundell et al. 2008) 

Internal Locus for 

Hunger 

+ Weight gain (Hays & Roberts 2008) + Energy (Provencher et al. 2003) NR 

External Locus for - BMI + Fat (Provencher et al. 2003) NR 
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Hunger  (Hays & Roberts 2008) 

Eating behaviour combinations 

Low disinhibition - low 

restraint 

- BMI 

 (Dykes et al. 2004) 

- BF%  

(Dykes et al. 2004, Kruger et al. 2016)  

NR NR 

High disinhibition - 

low restraint 

+ BMI 

 (Dykes et al. 2004) 

NR NR 

High disinhibition - 

high hunger 

 

+ BMI (Provencher et al. 2003) NR NR 

High disinhibition - 

low hunger 

 

NR NR NR 

References Study population Study design Study aim 

(McGuire et al. 2001)  1044 Healthy adults Cohort Evaluate the associations between restraint, 

flexible- and rigid restraint and shifts in weight and 

behaviours over a three year period. 

(Provencher et al. 
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596 Healthy adults Cross-sectional 

 

Investigate the relationship between dietary intake 

and anthropometrical variables with eating 

behaviours. To assess if obesity status and gender 

influence the identified associations.  

(Schur et al. 2008)  24 Normal & overweight adults Cross-sectional 

 

Investigate possible associations 

between eating restraint and leptin, insulin, or 

ghrelin. 

(Hays & Roberts 2008)  535 Healthy women Cohort Investigate the association of the subcategories of 

eating behaviours and BMI as well as weight gain 

over time. 

(French et al. 2014)  

 

 

233 Healthy adults Cross-sectional 

 

Compared eating behaviours with laboratory-

based measures of food preference and -reward.  

(Bellisle et al. 2004)  2509 Healthy adults 

 

Cohort Explore the varying levels of restraint, 

disinhibition, and hunger, among individuals with 

a range of BMIs. 

(Dykes et al. 2004)  1470 Healthy women Cross-sectional 

 

Investigate the associations between the TFEQ and 

body weight and size. As well as assess the effect 

of the employment on body measurements. 

(Blundell et al. 2008)  Obese & lean females Cross-sectional Investigate whether appetite peptides control 
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(Benbaibeche et al. 
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(Langlois et al. 2011)  
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ghrelin.  
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+ indicates a positive association; - indicates a negative association; NR = not reported; NS = not significant; (VAT) Visceral adipose tissue; (SAT) Subcutaneous adipose tissue; (WC) Waist 

circumference;(BMI) Body mass index; (HC) Hip circumference; (WtHR); Waist-to-height ratio; (BF); Body fat; (BF%) Body fat percentage. 
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3 Chapter 3: Methodology  

Chapter 3 gives a brief description of the methodology followed in this thesis. This thesis utilised data 

from the cross-sectional study; PRedictors linking Obesity and gut MIcrobiomE (PROMIsE). This 

study was funded by the Health Research Council of New Zealand and conducted at Massey University 

between May 2016 until May 2017. In this method section the PROMIsE methods which are relevant 

to this PhD research are outlined. A more detailed description of the PROMIsE study is reported 

elsewhere (Kindleysides et al. 2019). Forming the foundation of this PhD, is a systematic review that 

provided vital background knowledge and identified the research gaps that guided the statistical analysis 

of the PROMIsE data. Furthermore, the data processing and analyses completed for this PhD research 

are discussed. 

3.1 Systematic review - chronotype differences in body composition, dietary intake and eating 

behaviour outcomes  

To fulfil objective one a systematic literature review that provided background knowledge and served 

as the foundation of this PhD research was completed. The systematic review further identified the 

research gaps that guided the statistical analysis of the PROMIsE data.  The review is registered with 

PROSPERO (CRD42020219754) and reported in accordance with the Preferred Reporting Items (2009) 

for Systematic Reviews and Meta-Analyses (PRISMA) checklist. The aim of this first part of the thesis 

was to systematically determine whether chronotype indirectly impacts eating behaviours, dietary 

intake (timing, choice, nutrients), and biomarkers leading to body composition outcomes in healthy 

adults. The systematic review question was formulated using the participants, interventions, 

comparisons, outcomes and study design (PICOS) approach (Boland et al. 2017). The methodology and 

rationale of the published systematic review is further discussed in chapter four. 

3.2 The PRedictors linking Obesity and the MIcrobiomE (PROMIsE)  

3.2.1 Study design & aim 

This was a single centre, cross-sectional study conducted at the Human Nutrition Unit at Massey 

University, Albany. The original objective of the PROMISE study was to characterise the gut 

microbiome in two populations (Pacific and NZ European women) with different metabolic disease risk 

and body weight profiles (normal and obese); and to further explore the association with dietary intake, 

physical activity, taste perception, eating behaviour, and sleep. This PhD research utilised selected data 

(sleep, anthropometry, body composition, biomarkers, and diet) from the PROMIsE study to explore 

the diet in-depth (eating patterns and eating behaviours) as it relates to different chronotypes and 
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SCOPUS, and Cochrane library. The search was limited to articles published in English, published 

within the last 10 years reflecting the surge of chronotype research, and including studies with 

participants older than 18 years. The search strategy was based on the following categorical keywords 

and their synonyms [adults], [chronotype], [body composition], [dietary intake], [eating behaviour] and 

[biomarkers] (see Appendix B.2 for the full list of search terms). All relevant study designs except for 

conference proceedings, editorial letters, review articles and pharmacological studies were included. 

Studies that determined BMI and used this anthropometrical measurement as a comparator were 

included. Studies that recruited adults < 18 years; pregnant and lactating women, night shift workers 

(these individuals already exhibit altered sleep-wakefulness and fasting-feeding cycles due to work 

obligations and not necessarily because of their chronotype), and participants with diagnosed acute, pre-

existing and chronic conditions that may influence sleep/wake timings (e.g., eating disorders, bariatric 

patients, mental illness, sleep disorders, diabetes, etc.) were excluded.  

4.2.3 Study selection 

In order to answer the research question (see above) the PICOS criteria, [Population Intervention, 

Comparison, Outcomes and Study] (Moher et al. 2010) were used from primarily retrieved publications: 

1) Population: adults 

2) Intervention: chronotype assessment 

3) Comparisons: body composition measures including BMI and BF% categories, waist 

circumference and weight change 

4) Outcomes: dietary intake, eating behaviour and biomarkers) 

5) Study design: all relevant design except for conference proceedings, editorial letters, review 

articles and pharmacological studies; see Appendix B.3.  

All records retrieved from the databases were exported using the Endnote X9 citation management 

software (Clarivate Analytics) (Team 2013). Duplicates were removed using Endnote and the remaining 

references were exported into Rayyan QCRI (Ouzzani et al. 2016). Two authors (CVDM, RK) 

independently screened the titles, abstracts and full text for eligibility using the PICOS criteria before 

final inclusion in the review (CVDM, RK). In the case of conflicting decisions, a third reviewer (MM) 

participated. Studies were included if participants were classified according to chronotypes, and their 

body composition profiles were compared. Studies were included if they reported at least one variable 

from the following four outcomes:  

1) Dietary intake: i.e., diet composition: energy, macro- and micronutrients; food groups or food 
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and drink categories (e.g., fruits and vegetables, sugar, fiber, alcohol, starch, meat and dairy), 

and portion sizes. 

2) Eating occasions: i.e., meal timing, frequency or skipping. 

3) Eating behaviour: i.e., dietary restraint (conscious restriction of food intake to control body 

weight and shape), disinhibition (loss of control of food intake that leads to overconsumption), 

binge eating, perceived hunger.  

4) Biomarkers: e.g., glucose, insulin, lipid profiles and blood pressure and genetic profiles (such as 

genotyping of the PERIOD3 clock gene (PER3)). 

Studies were excluded if: 

-  they did not include at least one of the predefined outcomes;  

- were not designed to compare body composition profiles; or 

- did not analyse night shift workers separately from day workers.  

Detailed reasons for exclusion of studies are reported in the Prefer Reporting Items for Systematic 

Reviews and Meta-Analyses and a PRISMA flow diagram outlines the study selection for this review 

(Figure 4.1) (Moher et al. 2010). 

4.2.4 Data extraction 

The following data were extracted by CVDM in table format with the following variables: authors, 

publication year, country, study design, number of participants, type of participants, age, body 

composition, method of chronotype classification, distribution of chronotype. The study had the 

following outcomes: dietary intake, eating behaviours and biomarkers. The information in the tables 

were organized into the specific outcome categories and then presented according to the differences 

between chronotypes. Additional analysis such as correlation analysis were also reported next to each 

outcome category. A second researcher (RK) reviewed the extracted data for accuracy by using the full 

text articles.  

The quality of each study was assessed using the appropriate Joanna Briggs Institute (JBI) checklists 

for Analytical Cross-sectional studies, Cohort studies, and Randomized Controlled Trials (Moola et al. 

2020). Each study was assessed independently by two authors (CVDM, RK) using the appropriate 

checklist for each study design assessing issues of bias, data collection, analysis and reporting. Studies 

were allocated a score according to the number of JBI checklist criteria that were met (Moola et al. 

2020) (Appendix B.4-6). 
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Figure 4.1 - PRISMA 2009 flow diagram (adapted) illustrating the identification and selection 

process 

4.3.1 Study and participant characteristics  

The sample size of the 24 studies varied between 44 and 3304 participants (men and women), of which 

three studies recruited women only (Sato-Mito et al. 2011, Muñoz et al. 2020, Zerón-Rugerio et al. 

2020). Most of the included studies (n = 20) had a cross-sectional design (Baron et al. 2011, Sato-Mito 
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abstract  
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Studies excluded after title & abstract 

screening  
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Full-text articles assessed for 
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(n = 106)  

Full-text articles excluded, with reasons  
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Participants < 18 years (n = 3)  

Included night shift workers (n = 6) 
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Table 4.2 - Differences between chronotype and body composition or biomarkers 

Reference Body composition 

distribution 

Differences between types 

Morning type 

 

Intermediate type Evening type 

 

P-value (ET vs IT/MT) 

&  

other analysis 

BMI, weight & height 

(Xiao et al. 2019) Normal BMI:  

  Women: 65.5% 

  Men: 34.5% 

Overweight BMI:  

  Women: 40.1% 

  Men: 59.9% 

Obese BMI: 

  Women: 52.8% 

  Men: 47.2% 

Not reported Not reported Overweight (3.1 ± 1.0 h) and obese 

(3.2 ± 1.1 h) participants had on 

average a later chronotype in 

comparison with those with a 

normal BMI (2.9 ± 1.0 h) b 

P < 0.007 

Not reported Not reported Overweight (3.5 ± 0.9) / obese (3.6 

± 1.0) had a later midpoint of time 

in bed during weekends (3.6 ± 1.0) 

h in comparison with those with a 

normal BMI (3.3 ± 1.0) b 

P < 0.001 

(Sato-Mito et al. 

2011) 

Height: 158 ± 5.3 cm 

Weight: 52.2 ± 7.6 kg 

BMI: 20.9 ± 2.8 kg/m2 

MTc  

21.2 ± 3.1 kg/m2  

Underweight:14.2% 

Normal: 77.3% 

Overweight: 8.4% 

ITd,e,f 

20.9 ± 2.8 kg/m2 

Underweight: 14.6%  

Normal: 78.9% 

Overweight: 6.6%d  

 

20.8 ± 2.5 kg/m2 

Underweight: 13.8% 

Normal: 79.4%  

Overweight: 6.9%e 

 

20.9 ± 2.7 kg/m2 

Underweight: 15.3% 

Normal: 77.8% 

Overweight: 6.9%f 

ET g 

20.9 ± 2.7 kg/m2  

Underweight: 14.0% 

Normal: 79.0% 

Overweight & Obese: 7.0% 

P-Trend = 0.30 

(Vera et al. 2018) 

 

BMI: 31.3 ± 5.41 kg/m2 

 

40.0 ± 0.16 kg/m2 

 

Not Reported 

 

31.3 ± 0.16 kg/m2 

ET showed a linear association 

towards higher BMI 

P = 0.16 

P-Trend = 0.02 
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Reference Body composition 

distribution 

Differences between types 

Morning type 

 

Intermediate type Evening type 

 

P-value (ET vs IT/MT) 

&  

other analysis 

Biomarkers 

(Vera et al. 2018) 

 

 

 

 

 

- Fasting glucose: 

glucose oxidase method 

- Triglycerides and 

HDL-c: Commercial kits  

- Arterial pressure: 

mercury 

sphygmomanometer.  

- MetS score: IDF 

criteria; summing MetS 

components  

- Fasting insulin: solid-

phase, two-site 

chemiluminescent 

immunometric assay  

- Insulin resistance: 

(HOMA-IR; fasting 

glucose × fasting 

insulin/22.5) 

- Blood samples via 

standard procedures: 

DNA isolation and 

genotyping and GRS 

- Triglycerides levels: 

101 ± 1.71 mg/dL 

 

- Mets Scores: 2.06 ± 

0.04  

 

- HDL-c levels: 57.1 ± 

0.46 mg/dl 

 

- Insulin levels: 7.40 ± 

0.22 µUI/ml 

 

- HOMA-IR levels: 1.61 

± 0.05  

 

Not Reported 

Not Reported  - Triglycerides levels: 105 ± 1.79 

mg/dL 

 

- Mets Scores: 2.16 ± 0.04 

 

- HDL-c levels: 55.6 ± 0.48 mg/dl 

 

 

- Insulin levels: 7.62 ± 0.23 µUI/ml 

 

 

- HOMA-IR levels: 1.68 ± 0.06  

 

 

- Higher evening genetic risk score 

P = 0.01 

 

 

P = 0.01 

 

P = 0.03 

 

 

P-Trend <0.001 

 

 

P-Trend = 0.002 

 

P = 0.04 

(Lázár et al. 2012) Genotyping of the PER3 

VNTR was performed 

according to standard 

procedure 

Frequency of PER35/5 

genotype: 15.4% 

Not Reported Frequency of PER35/5 genotype: 

7.5% 

NA 

Genotype: effect on diurnal preference measured by MEQ (F2,619 = 4.43) 

 

P = 0.01 

Genotype: marginal effect on diurnal preference measured by MCTQ P = 0.06  

The main effect of genotype was significant for MEQ (F2,636 = 5.97) P = 0.003 

The main effect of genotype was significant for the self-assessment question from the 

MCTQ (F2,642 = 4.12) 

P = 0.02 
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Reference  Method of 

assessment 

Differences between types 

Morning type 

 

Intermediate type Evening type 

 

P-value (ET vs IT/MT) 

and  

other analysis 

Rice: 171.4 ± 2.9 g/1000 

kcalc 

Rice:  167.7 ± 2.5 g/1000 

kcal  

158.0 ± 2.6 g/1000 kcal 

153.6 ± 2.5 

g/1000 kcal  

Rice: 150.0 ± 2.8 g/1000 kcal b P-Trend <0.001 

Vegetables: 126.7 ± 3.1 

g/1000 kcalc 

Vegetables:  127.5 ± 2.6 

g/1000 kcal 

121.9 ± 2.8 g/1000 kcal 

121.3 ± 2.6 g/1000 kcal  

Vegetables: 109.8 ± 2.9 g/1000 

kcal b 

P-Trend <0.001 

Pulses: 26 .6 ± 0.8 

g/1000 kcalc 

Pulses:  25.8 ± 0.7 g/1000 

kcal  

25.7 ± 0.7 g/1000 kcal 

24.7 ± 0.7 g/1000 kcal  

Pulses: 22.5 ± 0.8 g/1000 kcal b P-Trend <0.001 

Eggs: 19.3 ± 0.6 g/1000 

kcalc 

Eggs:  19.4 ± 0.5 g/1000 

kcal 

18.1 ± 0.5 g/1000 kcal   

17.1 ± 0.5 g/1000 kcal  

Eggs: 17.4 ± 0.6 g/1000 kcal b P-Trend <0.001 

Noodles: 28.8 ± 1.4 

g/1000 kcalc 

Noodles:  33.6 ± 1.2 g/1000 

kcal   

36. ± 1.23 g/1000 kcal 

38.5 ± 1.2 g/1000 kcal  

Noodles: 46.4 ± 1.3 g/1000 kcal 

b 

P-Trend <0.001 

Dairy: 77.4 ± 3.1 g/1000 

kcalc 

Dairy:  76.5 ± 2.6 g/1000 

kcal  

74.3 ± 2.8 g/1000 kcal 

71.4 ± 2.6 g/1000 kcal  

Dairy: 65.6 ± 2.9 g/1000 kcal b P-Trend < 0.05 

Confections: 42.5 ± 1.0 

g/1000 kcalc  

Confections:  41.8 ± 0.8 

g/1000 kcal 

44.8 ± 0.9 g/1000 kcal 

46.8 ± 0.9 g/1000 kcal  

Confections: 46.7 ± 1.0 g/1000 

kcal b 

P-Trend < 0.05 

Meat: 33.1 ± 0.7 g/1000 

kcalc 

Meat:  34.0 ± 0.6 g/1000 

kcal   

34.8 ± 0.6 g/1000 kcal 

33.4 ± 0.6 g/1000 kcal  

Meat: 35.7 ± 0.7 g/1000 kcal b P-Trend < 0.05 













127 
 

Reference  Method of 

assessment 

Differences between types 

Morning type 

 

Intermediate type Evening type 

 

P-value (ET vs IT/MT) 

and  

other analysis 

for overweight/obese in MTa (OR: 

0.32; 95% CI: 0.16, 0.66; P-Trend = 

0.0006) 

Not Reported Not Reported Not Reported Other analysis: 

Higher energy intake at nighttime 

window (within 2 hours before 

bedtime), associated with higher OR 

for overweight/obese in ETb (OR: 4.94; 

95% CI: 1.61, 15.1; P-Trend = 0.01) 

(Muñoz et 

al. 2020) 

Hypocaloric dietary 

treatment according 

to the Spanish 

Federation of 

Nutrition, Food and 

Dietetics guidelines 

Breakfast 30%, 

midmorning 10%, lunch 

35%; mid-afternoon 5% 

and dinner 20% 

Not Reported Breakfast 20%, mid-morning 

5%, lunch 35%; mid-afternoon 

10% and dinner 30% 

Not Reported 

(Maukone

n et al. 

2017)  

48-hour dietary 

recalls 

99% of MTs had energy 

intake >0 kJ on weekday 

mornings by 10:00 

Not Reported  

 

80% of ET had energy intake >0 

kJ on weekday mornings by 

10:00 

Not Reported 

Not Reported Not Reported Weekday mornings: 350 kJ (4% 

TEI) lower energy intake as 

compared with MT 

P < 0.001 

Not Reported Not Reported Weekend mornings by 10:00: 

380 kJ lower energy than MT 

P = 0.004 

81% of MTs had energy 

intake >0 kJ on weekday 

evenings by 20:00 

Not Reported 94% of ET had energy intake >0 

kJ on weekday evenings by 

20:00 

Not Reported 

Not Reported Not Reported Weekday evenings by 20:00: 

430 kJ (6% TEI) more energy 

than MT 

P < 0.001 

Not Reported Not Reported Weekend evenings by 20:00:  

590 kJ (7% TEI) more energy 

than MT 

P < 0.001 
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Reference  Method of 

assessment 

Differences between types 

Morning type 

 

Intermediate type Evening type 

 

P-value (ET vs IT/MT) 

and  

other analysis 

(Zerón-

Rugerio et 

al. 2020) 

 

6- day food logs & 

Quality Index Food 

Consumption Patter 

Breakfast:   

24.8 (10.4) % of kcalm 

 

Breakfast:  

26.9 (10.4) % of kcaln 

26.5 (6.9) % of kcalo 

Breakfast:  

22.8 (8.3) % of kcalp 

P = 0.26 

Lunch:   

31.3 (7.5) % of kcalm 

 

Lunch:  

29.5 (10.2) % of kcaln 

33.7 (10.5) % of kcalo 

Lunch:  

30.9 (9.6) % of kcalp 

 

P = 0.36 

Dinner:  

18.0 (10.4) % of kcalm 

 

Dinner: 

18.6 (9.8) % of kcaln 

20.7 (9.1) % of kcalo 

Dinner:  

23.5 (11.3) % of kcalp 

 

P-Trend = 0.02 

Daily carbohydrate distribution 

(Xiao et al. 

2019) 

24-Hour Dietary 

Assessment Tool 

Not Reported Not Reported Not Reported Other analysis: 

-In MTa, the highest quintile of % 

carbohydrate intake in the morning 

(within 2h after getting out of bed) is 

associated with 80% decrease in risk 

for being overweight/obese (OR: 0.2; 

95% CI: 0.10, 0.42; P-Trend <0.0001) 

-In ETb, the highest quintile of % 

carbohydrate intakes during the 

evening (within 2 h before bedtime) is 

associated with an increase in OR for 

being overweight/obese (OR: 4.48; 

95% CI: 1.64, 12.2; P-Trend = 0.01) 

-In ETb, the highest quintile of % sugar 

intake at night (within 2h before 

bedtime) is associated with a 3-fold 

increase in OR for being 

overweight/obese (OR: 3.11; 95% 

CI:1.17; 8.22; P-Trend = 0.02) 

-In MTa, the highest quintile of % 

sugar intakes during the morning 

(within 2 h after getting out of bed) 

(OR: 0.23; 95% CI: 0.11; 0.49; (P-

Trend = 0.0003), % fiber (OR: 0.31; 
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Reference  Method of 

assessment 

Differences between types 

Morning type 

 

Intermediate type Evening type 

 

P-value (ET vs IT/MT) 

and  

other analysis 

95% CI: 0.15; 0.65); (P-Trend = 

0.0008) was associated with a decrease 

in OR for being overweight / obese 

(Maukone

n et al. 

2017) 

48-hour dietary 

recalls 

Intake by 10:00 on 

weekdays: 52.8 (1.3) E%  

Intake by 10:00 on 

weekdays: 50.5 (1.3) E% 

Intake by 10:00 on weekdays: 

47.1 (1.6) E% 

P < 0.001  

P-Trend < 0.001 

Intake after 20:00: 48.8 

(2.0) E% on weekdays  

Intake after 20:00: 51.3 (2.0) 

E% on weekdays 

Intake after 20:00: 51.2 (2.4) 

E% on weekdays 

P-Trend = 0.01 

Not Reported Not Reported CHO intakes increased with 

lower ME score values (ET) 

after 20:00 on weekdays 

P-Trend < 0.05 

Intake by 10:00 on 

weekends: 52.6 (2.6) E% 

Intake by 10:00 on 

weekends: 48.3 (2.4) E% 

Intake by 10:00 on weekends: 

48.5 (3.1) E% 

P-Trend = 0.003 

Intake after 20:00: 46.3 

(3.4) on weekends 

Intake after 20:00: 50.3 (3.4) 

on weekends 

Intake after 20:00: 49.8 (4.4) on 

weekends 

 

 

 

 P = 1.00 

(Baron et 

al. 2013) 

7- day Food logs Not Reported After 20:00: 47 ± 31 g 

(19%)k 

After 20:00: higher intake 87 ± 

39 g (33%)l 

 

P < 0.01 

Other analysis: 

- After 20:00: Moderate positive 

correlation with midpoint of sleep.  

- ETl were associated with higher 

intake (r = 0.52, P < 0.001) 

Daily protein distribution 

(Xiao et al. 

2019) 

24-Hour Dietary 

Assessment Tool 

Not Reported Not Reported Not Reported -  In MTa, the highest % protein intakes 

during the morning (within 2 h after 
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Reference  Method of 

assessment 

Differences between types 

Morning type 

 

Intermediate type Evening type 

 

P-value (ET vs IT/MT) 

and  

other analysis 

getting out of bed) was associated with 

a 61% decrease in OR: 0.39 (CI 95%: 

0.19, 0.81; (P-Trend = 0.03) for being 

overweight / obese 

-  In ETb, the highest % protein intake 

consumed at night (2 h before bedtime) 

is associated with 3.7-fold increase in 

OR for being overweight/obese (OR: 

3.74; CI 95%: 1.33, 10.5; P-Trend = 

0.02) 

(Maukone

n et al. 

2017) 

 

48-hour dietary 

recalls 

Protein intake after 20:00 

on weekdays: 12.4 (0.8) 

E%  

Protein intake after 20:00 on 

weekdays: 13.1 (0.8) E%  

Protein intake after 20:00 on 

weekdays: 13.4 (0.9) E%  

P-Trend = 0.04 

Not Reported Not Reported Protein intakes increased with 

lower ME score values (ET) 

after 20:00 on weekdays 

P-Trend < 0.05 

Protein intake after 20:00 

on weekends: 11.6 (1.3) 

%  

Protein intake after 20:00 on 

weekends: 12.7 (1.3) E%  

Protein intake after 20:00 on 

weekends: 14.2 (1.7) E%  

P = 0.25 

Intake by 10:00 on 

weekdays:14.8 (0.9) E% 

Intake by 10:00 on 

weekends: 13.6 (0.9) E% 

Intake by 10:00 on weekdays: 

13.6 (0.9) E% 

P < 0.001 

P-Trend < 0.001 

Intake by 10:00 on 

weekends:14.8 (0.9) E% 

Intake by 10:00 on 

weekends: 13.6 (0.9) E% 

Intake by 10:00 on 

weekends:11.4 (1.2) E% 

P < 0.003  

P-Trend < 0.001 

 

 

(Baron et 

al. 2013) 

 

7-day food logs Not Reported  

 

After 20:00: 15 ± 12 g 

(21%)c 

 

More protein at dinner d P < 0.01 

After 20:00: 32 ± 16 g (37%)d P > 0.01 

Other analysis: 

- After 20:00: Moderate positive 

correlation with midpoint of sleep 

- ETd were associated with higher 

intake (r = 0.53 P < 0.001)d 
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Reference  Method of 

assessment 

Differences between types 

Morning type 

 

Intermediate type Evening type 

 

P-value (ET vs IT/MT) 

and  

other analysis 
 

Daily fat distribution 

(Xiao et al. 

2019) 

  

24-Hour Dietary 

Assessment Tool 

No association between timing of fat intake and BMIa,b Other analysis: 

-No association between total fat intake 

during the morning (within 2 h after 

getting out of bed) (P-Trend = 0.47), 

cholesterol (P-Trend = 0.35), saturated 

fat (P-Trend = 0.90) and 

monounsaturated fat (P-Trend = 0.42) 

and OR of being overweight / obese in 

MTa 

- No association between total fat intake 

during night (2 h before bedtime) (P-

Trend = 0.30), cholesterol (P-Trend = 
0.06), saturated fat (P-Trend = 0.34) 

and monounsaturated fat (P-Trend = 

0.31), polyunsaturated fat (P-Trend = 

0.08) and OR of being 

overweight/obese in ETb. 

(Maukone

n et al. 

2017)  

 

48-hour dietary 

recalls 

Fat: 23.8 (1.0) E% by 

10:00 on weekdays 

Fat: 23.3 (1.0) E% by 10:00 

on weekdays 

Fat: 19.6 (1.2) E% by 10:00 on 

weekdays 

P < 0.001  

P-Trend = 0.002 

Fat: 22.6 (1.6) E% by 

10:00 on weekends 

Fat: 20.3 (1.5) E% by 10:00 

on weekends 

Fat: 18.8 (2.0) E% by 10:00 on 

weekends 

P -Trend = 0.001 

Fat: 21.5 (1.2) E% after 

20:00 on weekdays 

Fat: 23.4 (1.2) E% after 

20:00 on weekdays 

Fat: 26.1 E% after 20:00 on 

weekdays (26.1 (1.5) E%) 

P = 0.0025 

P-Trend = <0.001 

Fat: 17.3 (2.0) E% after 

20:00 on weekends 

Fat: 20.0 (2.0) E% after 

20:00 on weekends 

Fat: on weekends after 20:00 

(26.0 (2.6) E%) 

P < 0.001 

SFAs: 9.0 (0.5) E% by 

10:00 on weekdays 

SFAs: 9.5 (0.5) E% by 10:00 

on weekdays 

SFAs: 7.3 (0.6) E% by 10:00 on 

weekdays 

P = 0.002  

P -Trend = 0.02 

SFAs: 8.3 (0.7) E% by 

10:00 on weekends 

SFAs: 7.1 (0.7) E% by 10:00 

on weekends 

SFAs: 6.4 (0.9) E% by 10:00 on 

weekends 

P < 0.05 

SFAs: 8.8 (0.6) E% after 

20:00 on weekdays 

SFAs: 9.7 (0.6) E% after 

20:00 on weekdays 

SFAs: 10.3 (0.7) E% after 20:00 

on weekdays  

P <0.03 
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CI: 1.04, 1.55; P = 0.019), food cravings (OR: 1.20; 95% CI: 0.99, 1.45; P = 0.063), and had greater 

problems controlling the amount of food consumed (OR: 1.31; 95% CI: 1.03, 1.58; P = 0.006) (Vera et 

al. 2018). 
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Table 4.4 - Differences between chronotype & eating behaviour 

Reference  Method of 

assessment 

Differences between types P-value (ET vs IT/MT) 

&  

other analysis 

Morning type 

 

Intermediate type Evening type 

 

Meal timing 

(Xiao et al. 

2019)  

 

The Automated 

Self-Administered 

24-Hour Dietary 

Assessment Tool 

(ASA24) 

Breakfast:  

7.6 ± 1.0 ha  

Not Reported  
 

8.6 ± 0.9 hb P-Trend <0.001 

Lunch: 12.6 ± 1.1 ha Not Reported 12.8 ± 1.3 hb P <0.004 

Dinner: 18.2 ± 0.8 ha Not Reported 18.5 ± 1.1 hb P-Trend <000.1 

(Sato-Mito et 

al. 2011) 

 

Dietary history 

questionnaire 

Breakfast:  

6:35 ± 0:02 h:minc 

Breakfast:  

7:01 ± 0:02 h:mind 

7:23 ± 0:02 h:mine 

7:52 ± 0:02 h:minf 

Breakfast:  

9:19 ± 0:02 h: ming  

P-Trend <0.0001 

P <0.001 

Lunch:  

12:20 ± 0:02 h:minc 

Lunch:  

12:20 ± 0:02 h:mind 

12:22 ± 0:02 h:mine 

12:23 ± 0:02 h:minf 

Lunch:  

12:42 ± 0:02 h:ming 

P <0.0001 

P <0.001  

Dinner:  

18:51 ± 0:06 h:minc 

Dinner:  

18:55 ± 0:05 h:mind 

19:05 ± 0:05 h:mine 

19:17 ± 0:05 h:minf 

Dinner:  

19:19 ± 0:05 h:ming 

P <0.0001 

P <0.01 

(Vera et al. 

2018) 
 

Single 24-hour 

recalls 

Breakfast: 8.34 ± 0.03 h Not Reported  Breakfast: 8.65 ± 0.035 h P < 0.05 

Lunch: 14.55 ± 0.02 h  Not Reported Lunch: 14.59 ± 0.02 h  

Dinner: 21.08 ± 0.06 h  Not Reported Dinner: 21.39 ± 0.67 h 

Midpoint of food intake: 

14.80 ± 0.02 h 

 

 

 

 

Not Reported Later midpoint of food 

intake: 15.06 ± 0.02 h 

P < 0.001 

 



139 
 

Reference  Method of 

assessment 

Differences between types P-value (ET vs IT/MT) 

&  

other analysis 

Morning type 

 

Intermediate type Evening type 

 

(Silva et al. 

2016) 

 

Preliminary 

questionnaire 

Not Reported Not Reported Not Reported Other analysis: 

- Weak positive correlations between 

MSF score and breakfast time (r = 

0.24, P < 0.001) ET were associated 

with a later breakfast time  

- Weak positive correlations between 

MSF score and lunch time 

ET associated with later lunch times (r 

= 0.19, P < 0.01) 

(Lucassen et 

al. 2013) 

Three-day food 

records 

Breakfast on working 

days: 1 h and 20 min 

earlier than ET (7:17 ± 

1:31) h: min 

Not Reported Breakfast on working days: 

(8:38 ± 1:52) h: min 

P < 0.001 

(Teixeira et al. 

2018) 

 

24-hour food 

recall (24h-FR) 

and questionnaire 

Breakfast: 07:20 h: min  Breakfast: 07:45 h: 

min 

Breakfast: 08:00 h: min P < 0.001 

Lunch: 12:13 h: min Lunch: 12:39 h: 

min 

Lunch: 12:39 h: min P = 0.02 

(Baron et al. 

2011) 
 

7-day food logs Not Reported  
 

Breakfast: 9:07 hc Breakfast: 11:53 hd P < 0.001 

Not Reported Lunch 13:07 hc Lunch: 14:36 hd P < 0.01 

Not Reported Dinner: 19:07 hc Dinner: 20:13 hd P < 0.05 

Not Reported Last meal/snack of 

the day: 20:25 hc 

Last meal/snack of the day: 

22:17 hd 

P < 0.001 

Time interval between meals & bedtime 

(Xiao et al. 

2019) 

The Automated 

Self-Administered 

24-Hour Dietary 

Assessment Tool 

(ASA24) 

Duration between dinner 

and bedtime (258± 58.6) 

mina 

Not Reported Duration between dinner and 

bedtime (313 ± 70.7) minb 

P < 0.001 
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Reference  Method of 

assessment 

Differences between types P-value (ET vs IT/MT) 

&  

other analysis 

Morning type 

 

Intermediate type Evening type 

 

(Baron et al. 

2011) 
 

7-day food logs Not Reported Time between 

breakfast and 

lunch: 4 h:01min c 

Time between breakfast and 

lunch: 3h:15 min d 

P < 0.01 

Not Reported Time interval 

between last meal 

or snack, and sleep 

onset: 3 h:53 min c 

Time interval between last 

meal or snack, and sleep 

onset: 5h:19 min d 

P < 0.05 

(Zerón-

Rugerio et al. 

2020) 

6- day food logs 

& Quality Index 

Food 

Consumption 

Patter 

Not Reported Not Reported Had on average, the shortest 

time between dinner and 

the midpoint of sleep (5.8 

(0.9) h)p 

P > 0.001 

Eating duration 

(Sato-Mito et 

al. 2011) 

 

Dietary history 

questionnaire 

Breakfast: 17.38 ± 0.21 

min:secc 

Breakfast: 17.11 ± 

0.17 min:secd 

17.19 ± 0.19 

min:sece  

16.38 ± 0.20 

min:secf 

Breakfast: 19.03 ± 0.18 

min:secg 

P-Trend = 0.0002 

P < 0.01 

Lunch: 21.50 ± 0.23 

min:secc 

Lunch:  22.07 ± 

0.19 min:secd 

23.21 ± 0.20 

min:sece 

22.41 ± 0.22 

min:secf 

Lunch: 25.29 ± 0.19 min:secg P < 0.0001 

P < 0.001 

Dinner: 28.45 ± 0.31 

min:secc 

Dinner:  29.26 ± 

0.26 min:secd 

30.20 ± 0.28 

min:sece 

29.36 ± 0.30 

min:secf 

Dinner: 32.29 ± 0.26 

min:secg 

P-Trend <0.0001 

P < 0.001 
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Reference  Method of 

assessment 

Differences between types P-value (ET vs IT/MT) 

&  

other analysis 

Morning type 

 

Intermediate type Evening type 

 

(Lai & Say 

2013) 
 

Craving of high-

calorie foods 

questionnaire 

Not Reported Not Reported Not Reported Other analysis: 

High-calorie food craving was not 

correlated with ME score (r = 0.003; P 

= 0.92) 

Portion sizes, number of servings & number of eating occasions 

(Vera et al. 

2018) 
 

Barriers to 

Weight-Loss 

checklist, The 

Emotional Eating 

Questionnaire & 

single 24-hour 

recall 

 

 

 

 

 

 

 

Not Reported Not Reported Not Reported Other analysis: 

- 1.4 times more likely to have larger 

portion sizes portion sizes OR: 1.44; 

CI 95%:1.18,1.77; P < 0.001 

- 1.3 times more likely to have second 

servings OR: 1.27; CI 95%:1.04,1.56; 

P < 0.019 

(Lucassen et 

al. 2013) 

 Eat more frequently 

during working days (4.9 

± 1.5 occasions)  

Not Reported Eat less frequently during 

working days (4.4 ± 1.5 

occasions) 

P = 0.18 

Number of eating 

occasions during non-

working days (4.2 ± 1.2 

occasions)  

Not Reported Eat less frequently during 

non-working days (4.3 ± 1.6 

occasions) 

P = 0.57 

Portion sizes during 

working days (461 ± 177 

kcal) 

Not Reported Portion sizes during working 

(545± 219 kcal)  

 P = 0.07 
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Reference  Method of 

assessment 

Differences between types P-value (ET vs IT/MT) 

&  

other analysis 

Morning type 

 

Intermediate type Evening type 

 

Portion sizes during non-

working days (599 ± 273 

kcal) 

Not Reported Portion sizes during non-

working days (622 ± 380 

kcal)  

 P = 0.75 

Lower food intake after 

20:00 on working days: 

299 ± 354 kcal (50% 

fewer calories in fewer 

eating occasions than 

ET) 

Not Reported Higher food intake after 

20:00 on working days: 677 ± 

460 kcal 

P < 0.001 

Food intake after 20:00 

on non-working days: 

327 ± 354 kcal 

Not Reported Food intake after 20:00 on 

non-working days: 537 ± 480 

kcal 

P = 0.028 

(Teixeira et al. 

2018) 

24-hour food 

recall (24h-FR) 

and questionnaire 

 

4.7 ± 1.2 meals/d 

 

4.5 ± 1.1 meals/d 4.6 ± 1.1 meals/d 

 

P = 0.44 

Junk, energy rich & high- fat foods 

(Vera et al. 

2018) 

Barriers to 

Weight-Loss 

checklist, The 

Emotional Eating 

Questionnaire & 

single 24-hour 

recall 

Not Reported Not Reported Not Reported Other analysis: 

1.4 times more likely to have energy-

rich foods OR:1.44; CI 95%:1.16, 

1.78; P = 0.001 

(Beaulieu et 

al. 2020) 

 

Appetite ratings 

and food reward 

(validated diurnal 

Leeds Food 

Preference 

Questionnaire) 

were measured in 

No differences between chronotypes with regards to liking for high-fat relative 

to low fat foods 

P = 0.66 

Other analysis: 
- No interaction between chronotype 

and meal timing (AM vs PM) with 

regards to liking for high-fat relative to 

low fat foods 

P > 0.05 
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resistance, which is a vicious circle because in turn, it can contribute again to overeating (Nguyen & 

Wright 2010). 

These often-unhealthy eating behaviours among ET are further exaggerated by the higher intake of 

unhealthy, stimulating and energy-dense foods (Baron et al. 2011, Sato-Mito et al. 2011, Lázár et al. 

2012, Culnan et al. 2013, Mota et al. 2016, Maukonen et al. 2017, Yoshizaki et al. 2018, Li et al. 2018, 

Vera et al. 2018, Xiao et al. 2019, Najem et al. 2020, Muscogiuri et al. 2020). Exploring food group 

intake differences between chronotypes gives an idea of the micronutrient intakes. The fruit and 

vegetables intakes of ET found in this review is far below the World Health Organization guidelines of 

five servings per day (WHO 2020) and may account for the lower micronutrient intake reported by Sato-

Mito et al. (2011). The ET also consumed more caffeine and alcohol. The stimulating effects of these 

items may account for the higher intake (Peuhkuri et al. 2012). In comparison, MT reported healthier, 

nutrient-dense food choices (Sato-Mito et al. 2011, Maukonen et al. 2017, Yoshizaki et al. 2018). They 

also displayed more control over their eating behaviour, which may account for the higher prevalence 

of a normal BMI in MT. 
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et al. 2010 , Bass 2012, Youngstedt et al. 2016, Jiang & Turek 2017, Nelson & Chbeir 2018, Challet 

2019, Garaulet 2020).   

In recent years, more studies have examined the relationship between chronotype and dietary intake, 

with a main focus only on absolute food intake (Sato-Mito et al 2011, Sato-Mito et al 2011, Kanerva et 

al. 2012, Maukonen et al. 2016, Mota 2016, Li et al. 2018, Teixeira et al. 2018, Yoshizaki 2018, Zeron-

Rugerio et al. 2019, Najem et al. 2020) and to a lesser extent on distributions of energy  (Baron et al. 

2011, Lucassen et al. 2013, Maukonen et al. 2017, Muñoz et al. 2017, Maukonen et al. 2019, Zerón-

Rugerio et al. 2020) and macronutrient intake (Baron et al. 2013, Maukonen et al. 2017, Muñoz et al. 

2017, Xiao et al. 2019) throughout the day.  There is clear evidence that macronutrient metabolism and 

energy expenditure vary across the 24-hour light-dark cycle (Roberts 1964, Takahashi et al. 1968, Van 

Cauter et al. 1997, Saad et al. 2012, Cipolla-Neto et al. 2014, Rácz et al. 2018) as evident by various 

metabolic processes and endocrine regulation that exhibit a marked morning-evening difference 

(Shapiro et al. 1991, Boden et al. 1996, Van Cauter et al. 1997, Damiola et al. 2000, Covassin et al. 

2016 ). Indeed, our recent systematic review found that clock times for main meals as well as the energy 

and macronutrient distribution in the morning and evening varied between chronotypes (van der Merwe 

et al. 2022). However, differences in energy and macronutrient distribution were reported by a limited 

number of included studies (Xiao et al. 2019). Consequently, not only the timing of food intake but also 

differences in energy and macronutrient distributions throughout the day have different effects on 

energy utilisation (Garaulet et al. 2013, Jakubowicz et al. 2013, Jakubowicz et al. 2017). Together this 

may affect body composition and metabolic health outcomes differently between chronotypes.  

A limited number of studies have explored the effect of energy and macronutrient distribution on body 

composition between chronotypes and those that did, have yielded contrasting results (Muñoz et al. 

2017, Xiao et al. 2019). These studies primarily used BMI as a measure of body composition (Muñoz 

et al. 2017, Xiao et al. 2019). Although BMI is a useful adiposity measure in population-based studies 

(De Lorenzo et al. 2016), it does not reliably reflect body composition, metabolic- and fat mass disease 

risk on an individual level (De Lorenzo et al. 2016). Especially in a group with a high fat free mass 

(FFM), such as in Pacific women which is 2.9 kg higher than in NZ European women (Rush et al. 

2007). It is therefore suggested that in conjunction with BMI, BF% should be measured to assess 

adiposity (De Lorenzo et al. 2016, von Hurst et al. 2016). Furthermore, in addition to total BF%, 

assessment of android, gynoid and visceral fat percentage should be considered to provide an indication 

of metabolic health. For example, higher central obesity is associated with higher metabolic- and 

cardiovascular disease risk (Sun et al. 2010). These findings can further be linked with associated 

biomarkers, for example among chronotypes in a healthy population (Lázár et al. 2012, Lucassen et al. 

2013, Vera et al. 2018, Muñoz et al. 2020) associations between ET and a poor lipid profile (including 

higher triglycerides and lower HDL-cholesterol concentrations) (Muñoz et al. 2017, Vera et al. 2018) 
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biomarkers), body composition measurements (height, weight, BF analysis measured by bioelectrical 

impedance analysis (BIA)), completion of questionnaires (MCTQ, retrospective seven-day, sleep, and 

work questionnaire) as well as an interview for demographic information. At-home data collection 

between study visits included a five-day food record (5DFR) and visit two included FR returns, body 

composition measurements (weight, WC, HC, DXA measurements) and a one-on-one food record 

review interview with a dietitian. Full details on study procedures have been reported elsewhere 

(Kindleysides et al. 2019). Procedures related to this analysis are briefly described below.  

5.2.2 Demographic information & deprivation index 

Demographic information, including health information (disease conditions and medication use), age 

and work patterns was collected during a one-by-one interview with a researcher during the first visit. 

The NZ Deprivation Index 2013 (NZDep2013) was used as a measure of socio-economic status. The 

NZDep2013 is determined by combining census information such as home ownership, housing, 

qualifications, employment, income, access to transport, communications, and family structure. The 

deprivation scores are grouped into deciles, where decile one represents the geographical area with the 

least deprived scores and decile 10 the areas with the most deprived scores (Crampton et al. 2020).  

5.2.3 Anthropometrics measurements  

All anthropometrics measurements were conducted according to the International Society for the 

Advancement of Kinanthropometry (ISAK) protocols by level one ISAK trained research staff (Stewart 

et al. 2011). Height and weight were used in the Quetelet index (weight/height2) to determine BMI. 

Waist- and hip circumferences were measured with a Lufkin W600PM flexible steel tape with the 

participant in a relaxed standing position with their arms folded across their chest and used to determine 

waist-to-hip (WHR) and waist-to-height ratio (WHtR) respectively. Dual-energy x-ray absorptiometry 

(DXA; Hologic QDR Discovery A, Hologic Inc with APEX V. 3.2 software) was used to assess lean 

body mass (kg), whole body total fat mass (kg), percentage android-, gynoid- and visceral fat (calculated 

by DXA software and reviewed by two trained researchers who modified the regions if required), and 

android to gynoid percentage fat (AG) ratio (De Lorenzo et al. 2016).  Fat mass (FM) and fat free mass 

(FFM) was measured by DXA, and Bioelectrical impedance analysis and used as FM:FFM ratio. 

Participants with a larger body frame that did not fit within the scanning parameters of the DXA, had 

two scans taken. The first scan was set up to include the whole body with one arm outside the range, 

and the second scan was then taken to include the arm that was incomplete on the first scan. The lean 

and fat mass regions that were calculated by the DXA software for each of the two scans were manually 

consolidated using standard procedures. 
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In terms of metabolic biomarkers, the ET also had higher median concentrations of triglycerides (1.0 

vs 0.8 mmol/L), leptin (15678 vs 10304 pg/mL, insulin (15.7 vs 9.5 uU/ml), and higher mean HbA1C 

(33.0 vs 31.5 mmol/L) than the MT-IT (P <0.05) (Table 5.2). On the other hand, the MT-IT had higher 

mean total cholesterol (5.0 vs 4.56 mmol/L), higher median HDL-cholesterol (1.60 vs 1.40 mmol/L), 

LDL-cholesterol (2.8 vs 3.01 mmol/L) and ghrelin (48.9 vs 28.1 pg/mL) concentrations in comparison 

with ET (P<0.05). 

With regards to dietary intake, there was no difference in daily macronutrient intakes between the MT-

IT and ET. However, ET had a 213 kJ higher daily mean energy intake vs MT-IT (8745 vs 8532 kJ, 

respectively, P = 0.03). In contrast, the MT-IT had higher median intakes of alcohol, fibre, caffeine, 

PUFA, vitamin A, riboflavin, folate, potassium, magnesium, calcium, iodine, and higher mean vitamin 

E.  
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Figure 5.1 - Average hourly energy intake between chronotypes 

Blue lines indicate ET and green lines indicate MT-IT, 

Values are reported as means ±SD for each highest energy intake hours, 

 * Statistically significant differences between highest energy intake hours, with multiple comparison rank test, 

adjusted by Bonferroni correction  

 

5.3.3 Dietary intake time windows 

A two-way repeated measures ANCOVA was performed to compare the effect of chronotype on the 

distribution of macronutrient intakes across four dietary intake windows. There was a significant main 

effect of chronotype on energy intake windows (F(2.79, 787) =17.2, P <0.01, figure 5.2), protein 

(F(2.69, 757) =19.6, P <0.01, figure 5.3), carbohydrate (F(2.87, 810) =11.2, P <0.01, figure 5.4) and 

fat (F(2.85, 803.6) =12.3, P <0.01, figure 5.5). Furthermore, a significant interaction effect between 

chronotype and the energy (F(2.79,787) = 7.12, P <0.001), protein (F(2.69,757) = 5.39, P <0.01), 

carbohydrate (F(2.87,810) = 6.13, P <0.01)  and fat (F(2.85,804) = 5.94, P <0.01) intake windows was 

found.  
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5.3.5 Correlations between chronotype, biomarkers, body composition and morning energy 

intake (window 1) and evening energy intake after 20:00 (window 4) 

Correlation analysis revealed that those with later chronotypes (towards ET) were positively correlated 

with a higher body composition, including muscle mass and lean body mass Table 5.5. Women with 

an earlier chronotype (towards MT) were negatively correlated to a higher total serum-, HDL- and LDL-

cholesterol, HbA1c and ghrelin concentrations. While those with a later chronotype were positively 

correlated with higher insulin, leptin, and triglyceride concentrations. Those with an earlier chronotype 

were negatively correlated to a higher morning energy intake, while those with a later chronotype were 

positively correlated with a higher evening energy intake. 

Higher morning energy intake was negatively correlated with a lower body composition (all markers 

except WHR and WHtR). While the inverse was true for higher evening energy intake that was 

positively correlated with a higher body weight, BMI, body fat mass measured by BIA, HC and muscle 

mass measured by BIA. Higher morning energy intake was positively correlated with higher HDL-

cholesterol and ghrelin and lower leptin concentrations, while higher evening energy intake was 

positively correlated with higher triglycerides, HbA1c and insulin concentrations, and negatively 

correlated with lower ghrelin concentrations.  
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5.4 Discussion 

In this study the chronotype-specific differences in dietary intake (nutritional composition and timing), 

body composition and metabolic biomarkers were investigated. We found similar total daily energy and 

macronutrient intakes for MT and ET, but lower micronutrient intakes in the ET. Energy and 

macronutrient distributions were specific to each chronotype group according to their preferred sleep- 

wake timing, which is later for ET than MT-IT. The chronotype-specific distribution of dietary intake 

influenced fat mass and -distribution, with the ET having a higher body composition.  The ET had 

poorer glucose homeostasis, endocrine regulator markers and lipid profile outcomes in comparison with 

the earlier chronotypes.  

The most studied body composition marker in chronotype research is BMI (Kasof 2001, Schubert & 

Randler 2008, Sato-Mito et al 2011, Kanerva et al. 2012, Meule et al. 2012, Lai & Say 2013, Reutrakul 

et al. 2013, Patterson et al. 2016, Muñoz et al. 2017, Li et al. 2018, Patterson et al. 2018, Zeron-Rugerio 

et al. 2019, Najem et al. 2020). This study investigated a range of body composition markers. We found 

that women with a later chronotype (ET) had higher BMI, BF% and AG ratio, despite having similar 

sleep durations and similar total energy and macronutrient intakes in comparison with earlier 

chronotypes, which corroborate findings from a recent systematic review (van der Merwe et al. 2022). 

In comparison with the earlier types, the ET had the lowest diet quality with low intakes of folate, 

vitamins A, -C, and -E, magnesium potassium, calcium, iron, and iodine, which is similar to findings 

from others (Sato-Mito et al 2011, Kanerva et al. 2012). The low micronutrient intakes seen in the ET, 

is indicative of low intake of micronutrient dense foods such as fruits, vegetables, wholegrain and dairy 

(Baron et al. 2011, Sato-Mito et al. 2011, Mota et al. 2016, Maukonen et al. 2017, Yoshizaki et al. 2018, 

Li et al. 2018, Muscogiuri et al. 2020). These findings agree with others who have suggested that the 

role of the diet in obesity development is too simplistically described as energy intake that does not 

match with energy expenditure (Taubes et al. 2013), whereas it is rather that the timing of food intake 

is a crucial factor with regards to weight gain and adverse metabolic health outcomes (Arble et al. 2009, 

Garaulet et al. 2013, Garaulet 2014, Ruiz-Lozano et al. 2016).  

The timing of dietary intake is important as there is clear evidence that macronutrient metabolism and 

energy expenditure vary across the 24-hour light-dark cycle (Roberts 1964, Takahashi et al. 1968, 

Shapiro et al. 1991, Boden et al. 1996, Van Cauter et al. 1997, Damiola et al. 2000, Saad et al. 2012, 

Cipolla-Neto et al. 2014, Covassin et al. 2016 , Rácz et al. 2018), having different effects on energy 

utilisation and ultimately body composition (Garaulet et al. 2013, Jakubowicz et al. 2013, Jakubowicz 

et al. 2017).  Insulin sensitivity and glucose tolerance are optimal during daytime, coupled with 

increased energy expenditure, lipogenesis and adiponectin synthesis, making it the ideal phase of the 

24-hour day for acquiring and storing energy through dietary intake (Cipolla-Neto et al. 2014). 

Conversely, upregulation of gluconeogenesis, glycogenolysis and lipolysis is prominent at night 
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(within two hours after waking up) were less likely to be overweight/obese, while the ET that consumed 

a higher proportion of energy, carbohydrates, and protein in the evening (within two hours before 

bedtime) were more likely to be overweight/obese than the MT (Xiao et al. 2019). Similar to the results 

from Xiao et al. (2018), our study revealed that, among participants in the high BF% group, ET was 

associated with lower energy, protein, and carbohydrate intake in the morning compared with MT-IT, 

but higher energy, carbohydrate, and fat intakes at night when compared with MT-IT. To clarify these 

findings the distribution of the different body fat compartments, namely AG ratio was investigated. The 

AG ratio has been shown to be a more sensitive predictor of NCD and metabolic syndrome in healthy 

adults than BMI and fat mass (Kang et al. 2011, Fu et al. 2014, Okosun et al. 2015). The results were 

similar, the ET in the high AG ratio group (more central body fat) predicted lower energy, protein, and 

carbohydrate intakes in the morning, while predicting higher energy, protein, carbohydrate, and fat 

intakes in the evenings when compared with MT-IT, further emphasising the obesity promoting effects 

of late-night eating among ET. The importance of the overnight fasting period is also highlighted in 

time restricted eating studies which have demonstrated that longer fasting periods are more beneficial 

for health than shorter ones (Manoogian & Panda 2017) and since ET eat closer to their bedtime, their 

fasting period is shortened.  

Later circadian timing of food intake has also been linked with poor metabolic health. A study by 

Garaulet et al. (2020) found that after one week of eating lunch later, lean women showed metabolic 

changes that are typically seen in obese women, such as impaired glucose tolerance, decreased resting 

energy expenditure, and decreased carbohydrate oxidation (Garaulet 2020). In this study, late eaters, 

i.e., those who consumed a higher proportion of energy during the evening, were positively correlated 

with a late chronotype (ET), higher body composition (including weight, BMI, HC, and body fat mass) 

as well as a poorer glucose homeostasis (higher HbA1c and insulin) and higher triglycerides 

concentrations. While, early eaters, i.e., those who consumed a higher proportion of energy during the 

morning, were correlated with an earlier chronotype (MT), a lower body composition and lower 

metabolic markers. In addition, the length of the overnight fasting period plays a role in metabolic health 

and weight gain. Time restricted eating (TRE) studies have shown that longer fasting periods are more 

beneficial for metabolic health than shorter ones (Manoogian & Panda 2017). In this study the ET 

women had a slightly shorter (although not significant) overnight fasting period of 14.3 hours vs the 

MT-IT who had an overnight fasting period of 14 hours. The duration between the last eating occasion 

of the day and the wake time for ET was significantly shorter than for the MT-IT (10 vs 11.6 hours). 

Furthermore, the ET women had a later clock time for their first eating occasion of the day in 

comparison with the MT-IT (10:54 vs 08:41) (Appendix C.1), which may result in elevated 

postprandial insulin concentrations and enhanced fat oxidation, ultimately contributing to the 

development of metabolic inflexibility and weight gain (Nas et al. 2017). These results highlight the 

metabolic changes that occur when food is consumed at the inappropriate time of the day. 
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6 Chapter 6: Nutrient & food pattern analysis among women with 

different chronotypes  

Abstract 

Background and aims: Food pattern analysis explores the whole diet in terms of the foods that are 

typically consumed together, to provide context on dietary combinations that may contribute to 

nutrition-related health outcomes. Nutrients are an important consideration alongside to interpret the 

food patterns, however, nutrient patterns are rarely explored. The aim of this study was to identify 

dietary patterns (food and nutrient patterns) and investigate if the patterns are associated with 

chronotype and body composition. 

Methods: Overall, 287 healthy women aged 18-45 years (130 Pacific and 157 NZ European) were 

included in this analysis. Anthropometrical measurements included height, weight, body mass index 

(BMI), whole body fat percentage using dual-energy X-ray absorptiometry. The Munich Chronotype 

Questionnaire was used to assess different chronotypes, i.e., early chronotypes (=morning types; MT), 

intermediate chronotypes (IT) and late chronotypes (evening types; ET). Participants completed a five-

day estimated food record, including two weekend- and three weekdays, from which food group-, 

energy-, macro- and micronutrient intakes were assessed. Both food - and nutrient patterns were 

extracted by principal component analysis. Dietary pattern scores were categorised into tertiles to 

investigate relationships with body composition and chronotype.  

Results: Four food patterns as well as four nutrient patterns were extracted. Most of the earlier 

chronotypes (MT-IT, n =190) followed the Healthy and Animal Products food patterns and the High 

Protein-Fat-Fibre nutrient pattern. The Healthy food pattern was high in fruits, vegetables and 

wholegrains and was associated with lower BMI and BF%, NZ European ethnicity and lower 

deprivation score. Most ET women (n = 97) followed the High Carbohydrate nutrient pattern, which 

was high in carbohydrates, starch and sugar. The High Carbohydrate nutrient pattern was associated 

with Pacific ethnicity and higher deprivation scores.  

Conclusion: The identified food- and nutrient patterns created a whole-diet picture of the typical 

nutrients and foods consumed together, explaining some of the variance seen in body composition 

differences between different chronotypes. 

Key words: Morningness, Eveningness; Adiposity; Dietary Pattern Analysis; Food Combinations. 
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Figure 6.1 - Flow chart of participants included in the analysis 

(NZ) New Zealand, (PROMIsE) PRedictors linking Obesity and gut Microbiome 

 

6.2.2 Anthropometrical measurements  

Anthropometrical measurements (height and weight) were conducted according to the International 

Society for the Advancement of Kinanthropometry (ISAK) protocols by level one ISAK trained 

research staff (Stewart et al. 2011). Body mass index was determined using the Quetelet index (weight 

(kg)/height (m)2). Whole body composition measurements were performed using dual-energy x-ray 

absorptiometry (DXA; Hologic QDR Discovery A, Hologic Inc with APEX V. 3.2 software) to assess 

body fat percentage of total body as well as other body fat parameters. Recognising that BMI does not 

accurately reflect adiposity on an individual level, BF% was measured to create a comprehensive body 

composition profile (De Lorenzo et al. 2016).  

6.2.3 Demographic information & deprivation index  

Interviewer-administered questionnaires were used to collect health (including information on 

menstruation, disease conditions, medications, previous surgery, and supplement use) and demographic 

(age, housing, education, income) information. Socio-economic status was measured by using the NZ 

Deprivation Index 2013 (NZDep2013) which is calculated from census information such as home 

ownership, housing, qualifications, employment, income, access to transport, communications, and 

family structure. The deprivation scores were classified into deciles, where one represents the 

geographical area with the least and 10 the most deprived scores (Crampton et al. 2020).  

6.2.4 Chronotype, sleep & work schedules  

Chronotype, sleep and work schedules were assessed by using the Munich Chronotype Questionnaire 

(MCTQ). The MCTQ, developed by Roenneberg et al. assesses chronotype from averaged midsleep 

timing of the last four weeks (Roenneberg et al. 2003). Midsleep time (i.e., the midpoint between the 

time of subjectively estimated sleep onset and waketime) derives from midsleep times on weekdays 

(MSW) and on free days (MSF) and is corrected for sleep duration on free days (MSFsc) (Roenneberg 

et al. 2003). A greater number of the MSFsc (= later midsleep time) is an indicator for late chronotypes 

(ET; midsleep > 5) and vice versa for early chronotypes (MT; midsleep time < 3). A midsleep time 

between 3 and 5 indicates an intermediate chronotype (Roenneberg et al. 2003). Information on sleep 

and work schedules (number of hours worked per day as well as the type of shift work (day or night)) 

was collected via a retrospective seven-day, sleep and work questionnaire.  Participants who reported 

night shift work were excluded from the analyses.   
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The third food pattern, the Animal Products food pattern, explained 5.5% of variance. This pattern 

had positive loadings on processed meats, eggs, cheese, and dairy milk, with negative loadings on apple, 

banana, & orange, tea, discretionary snack breads, sweetened dairy & milk alternatives, cakes & 

puddings, fish & seafood, and other fruits & juices. 

Food pattern four, the Sugary, Fatty Foods food pattern, explained 5.4% of variance and had 

positive loadings on sweet snack foods, sugar added to food & beverages & sweet spreads, and saturated 

animal-based & coconut fats. Negative loadings on wholegrains, dairy milk, breakfast cereals and 

refined grains were found. 

Table 6.2 - Rotated factor matrix of food patterns 

Food group Food pattern     
 

Healthy Discretionary 

Food & 

Beverages  

Animal 

Products  

Sugary, 

Fatty 

Foods 

Explanation of variation of food choices        

(in %; 27.5% total) 

11.1 5.5 5.5 5.4 

Coloured vegetables 0.70  
 

 

Fast Foods -0.68    

Nuts & seeds 0.65  
 

0.34 

Sugar & Artificially Sweetened Beverages -0.60    

Non-Starchy Vegetables 0.57 
   

Apple, Banana & Oranges 0.51  -0.28  

Tea 0.43 0.24 -0.12  

Unsaturated Plant-Based Fats 0.38  0.34  

Shakes & Protein Powders 0.37    

Coffee  0.36 0.29 0.31  

Wholegrains 0.34   -0.26 

Water 0.29    

Savoury Snack Foods -0.26    

Legumes 0.22 0.60   

Meat 0.31 -0.54   

Creamy Dressings & Sauces  0.45   

Discretionary Snack Breads   0.40   

Sweetened Dairy & Milk Alternatives  0.30 -0.29 
 

Alcoholic Drinks  0.46   

Starchy Vegetables  -0.44   

Processed Meats  -0.27 0.40  

Eggs 0.33  0.40 0.36 

Cakes & Puddings   -0.38  

Cheese 0.31 0.24 0.37 0.27 

Fish & Seafood  0.22 -0.29 -0.26 

Other Fruit & Juices  0.25 -0.29  

Savoury Sauces Spreads & Condiments     

Sweet Snack Foods    0.52 
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6.4.5 Food distribution across nutrient pattern tertiles 

Women scoring high on the Micronutrient Rich nutrient pattern had significantly higher intakes of 

processed meats, as well as a high intake of starchy vegetables, coloured vegetables, wholegrain and 

meats, although intakes were not significantly different (Figure 6.2). For the High Energy Protein-Fat-

Fibre nutrient pattern, women with the highest score (T3) had a significantly higher intake of coloured 

and non-starchy vegetables, nuts and seeds, unsaturated plant-based fats, saturated animal & coconut 

fats, meat, processed meats, eggs, shakes & protein powders, cheese, creamy dressings & sauces, 

savoury and sweet snack foods in comparison with those with the lowest score (T1) (P <0.05, Figure 

6.3). No significant differences between high and low scores were found for the High Vitamin B nutrient 

pattern, although women with high scores had higher intakes of vitamin-B rich foods including eggs, 

fruits & juices and fish & seafood (Figure 6.4). Those with the highest score on the High Carbohydrate 

nutrient pattern had a significantly higher intakes of fast foods, sugar & artificially sweetened 

beverages, refined grains, savoury snack foods, cakes & puddings, other fruits & fruit juices, dairy milk, 

sugar-added to foods & sweet spreads, and breakfast cereals, while having a lower intake of coloured 

and non-starchy vegetables, coffee, tea, unsaturated plant-based fats, cheese, alcohol, eggs, and shakes 

& protein powders, in comparison with those with the lowest score (Figure 6.5 & Appendix D.3).  
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Figure 6.2 - Food distribution across Micronutrient-Rich pattern tertiles (T1, T3) 
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Figure 6.3 - Food distribution across High Protein-Fat-Fibre pattern tertiles (T1, T3) 
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Figure 6.4 - Food distribution across High Vitamin B pattern tertiles (T1, T3) 
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Figure 6.5 - Food distribution across High Carbohydrate pattern tertiles (T1, T3) 
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6.4.6 Associations between chronotype, body composition groups and nutrient patterns tertiles 

(T3 vs T1) 

The odds ratio of scoring high (T3) on the High Protein-Fat-Fibre nutrient pattern was lower for ET 

women vs earlier chronotypes (MT-IT), and in contrast was higher on the High Carbohydrate pattern 

for ET vs. MT-IT women (Table 6.7). After adjustment, however, both these associations were no 

longer significant. For the BMI groups, the odds ratio of scoring high on only the Micronutrient Rich 

nutrient pattern decreased for women in the high BMI (OR = 0.34, 95% CI [0.18, 0.64]), but only after 

adjustment. None of the other nutrient patterns were significantly associated with BMI groups. For the 

BF% groups, the odds ratio for scoring high (T3) on the Micronutrient Rich pattern was lower for high 

BF%, for both unadjusted and adjusted models (OR = 0.41 [0.23, 0.73] vs OR = 0.39 [0.21, 0.70]). The 

High Vitamin B nutrient pattern was not associated with any groups (adjusted or unadjusted). 
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higher risk of mortality compared with balanced carbohydrate intakes in adults (Seidelmann et al. 2018). 

The food groups that contributed to the high carbohydrate content of this pattern included poor quality 

carbohydrate sources (such as sugar- & artificially sweetened beverages, refined grains, cakes & 

puddings). It is well known that good quality carbohydrates that are high in fibre and with low 

glycaemic index are associated with a reduced risk of obesity (Aller et al. 2011). While a diet rich in 

simple carbohydrates, such as sweets, biscuits and sugar-sweetened beverages are associated with 

increased obesity risk (Malik et al. 2010). Previous studies have reported similar high intakes of energy-

dense foods such as confectionery and sweets (Sato-Mito et al. 2011, Mota et al. 2016, Maukonen et al. 

2017, Yoshizaki et al. 2018, Muscogiuri et al. 2020), sugar-sweetened beverages (Baron et al. 2011, 

Yoshizaki et al. 2018, Li et al. 2018, Muscogiuri et al. 2020) in ET. Sugar- and artificially sweetened 

beverages for this more ET-dominated pattern had a median intake of 195 g for those with high scores, 

while another study by Yoshizaki et al. (2018) reported ET to consume 60.8 g per day. Interestingly 

this pattern had a negative loading for dietary cholesterol, which is contradictory to other studies that 

have found that ET consumed a high amount of cholesterol containing foods (Sato-Mito et al. 2011, 

Silva et al. 2016, Mota et al. 2016, Muscogiuri et al. 2020). This pattern is similarly high in added sugars 

and sweet snack foods as seen in the food pattern identified in this study named the Sugary, Fatty Foods 

pattern.  

In this study two micronutrient containing patterns were extracted, the Micronutrient-Rich and High 

Vitamin-B nutrient patterns. This is similar to other studies that have found distinct micronutrient 

patterns that was inversely associated with cancer risk (Palli et al. 2001, Bosetti et al. 2013). The 

micronutrient dense foods from the Healthy food pattern (e.g., vegetables, fruits, nuts & seeds, and 

wholegrains) reflected the high loadings of magnesium, potassium, vitamin E, -A, -C, folate, iron, 

iodine, calcium, and some of the vitamin Bs for the Micronutrient Rich nutrient pattern. The high factor 

loading for animal foods from the Animal sourced food pattern reflected the high loadings for niacin, 

vitamin B12, -6, riboflavin, zinc, and sodium of the High Vitamin B nutrient pattern. Chronotype was 

not associated with either of these two micronutrient patterns. This lack of association may be due to 

the very low and often inadequate intakes of micronutrients found among this population group 

(Ministry of Health 2008/09). However, the food patterns that were followed by more of the MT-IT 

were higher in micronutrients, derived from the variety of micronutrient dense foods such as meat, 

fruits, vegetables, nuts & seeds, legumes, eggs, and cheese to name a few. This higher micronutrient 

intake in earlier chronotypes have also been reported by others (Sato-Mito et al 2011, Kanerva et al. 

2012), mirroring the higher intakes of micronutrient-dense foods seen in this study. 
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increased odds for the eating behaviours combinations of low restraint-high disinhibition (OR = 3.93, 

95% CI, [1.20, 12.8]), whilst ETs with a normal BMI were associated with decreased odds of high 

hunger-high disinhibition combination (OR = 0.16, 95% CI [0.03, 0.88]). 

Conclusion: Pacific and NZ European women with an ET are prone to display unfavourable eating 

behaviours and eating attitudes leading to less control over their food intake and disordered dietary 

intake that favours an eating pattern that promotes weight gain and obesity. A higher body composition 

was associated with disturbances in hunger and satiety hormones (ghrelin and leptin), which may further 

exacerbate the unfavourable eating behaviours and eating attitudes found in ET. 

Key words: Obesity; adiposity; eating habits; circadian; eveningness; morningness; eating attitudes; 

appetite regulating hormones; eating disorders 
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7.1 Introduction 

Obesity prevalence has been rising rapidly with long-term successful weight loss interventions lacking 

(Schwartz et al. 2017). Individuals who are prone to weight gain are more vulnerable to problematic 

eating behaviours and disturbed eating attitudes (Dykes et al. 2004, de Lauzon-Guillain et al. 2006, 

Kruger et al. 2016). It is well known that eating behaviours affects energy intake by influencing the 

types and amounts of foods eaten, timing of food intake and where food intake occurs, ultimately 

affecting body weight (French et al. 2012). The Three Factor Eating Questionnaire (TFEQ) was 

developed in the 1980s to assess eating behaviours, while differentiating between normal weight and 

overweight or obese individuals. The questionnaire examines three eating behaviours domains, namely 

cognitive eating restraint- which is the conscious restriction of food intake to control body weight and 

shape; disinhibition of control- the loss of control of food intake that leads to overconsumption of food; 

and susceptibility to hunger- feelings and subjective perceptions of hunger that leads to food intake 

(Stunkard & Messick 1985). These eating behaviours are predictors of body composition (BMI and 

adiposity) (Dykes et al. 2004, de Lauzon-Guillain et al. 2006, Kruger et al. 2016), weight gain 

(Provencher et al. 2003, Kruger et al. 2016), and undesirable metabolic health outcomes (such as poor 

glycaemic control) (Martyn-Nemeth et al. 2014). This suggests that the association of diet with body 

weight may be mediated in part by dieting behaviour (Fleurbaix Laventie Ville Sante Study Group 

2004). Dieters often use eating behaviours such as eating restraint as a strategy to control excess body 

weight (Tuschl et al. 1990). However, eating restraint and loss of eating control may have negative 

consequences such as the development of eating disorders (Allison & Heshka 1993), a condition 

frequently overlooked when assessing obesity risk (Rukavishnikov et al. 2021). The EAT (Eating 

Attitude Test)-26 is a validated tool that assesses eating attitudes related to eating disorders (Garner et 

al. 1982). Disturbed eating attitudes has been linked with the three main eating behaviours domains 

namely, restraint (Linardon & Mitchell 2017), hunger and disinhibition (Keeler et al. 2015, Vinai et al. 

2015) as well as an increased obesity risk (Marchesini et al. 2004, Rukavishnikov et al. 2021). 

A growing number of studies have shown a link between the circadian timing system and especially the 

influence of circadian preference with obesity and dietary outcomes.  Individuals display their inter-

individual differences by structuring their behaviour in terms of their preferred timing for sleep and 

wakefulness within the normal 24-hour day. Chronotype is the term used to describe these inter-

individual differences of diurnal sleep-wake preferences, which is also based on endogenous biological 

rhythm control, (Ehret 1974, Horne 1976, Roenneberg et al. 2003, Roenneberg et al. 2007, Wirz-Justice 

2007). Individual chronotypes lie in a range between morning types (MT) and evening types (ET) where 

MT habitually prefer an early bedtime and early morning rise time, and ET, on the other hand, prefer a 

later bedtime and a late morning rise time and intermediate types (IT) which are in between these two 

(Ehret 1974, Horne 1976, Adan et al 2012). Different chronotypes have different phases angles of 
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entrainment i.e., the time range between their sleep wake timing and external clock times (Roenneberg 

et al. 2007). In clock hours, this occurs earlier in MT (by several hours) in comparison with ET (Lack 

et al. 2009). Therefore, extreme ET may experience stronger misalignment between their internal body 

clocks and work and social demands (Wittmann et al. 2006), because most office and work hours begin 

early in the morning. This may result in adverse health outcomes (Covassin et al. 2016), including 

weight gain and obesity (Merikanto et al. 2013, Covassin et al. 2016). Apart from altered sleep-wake 

patterns (Wittmann et al. 2006), this misalignment may also be the result of or cause distinct dietary 

risk patterns (such as poor food choices) (Sato-Mito et al. 2011, Mota et al. 2016, Maukonen et al. 2017, 

Yoshizaki et al. 2018, Muscogiuri et al. 2020) and delayed meal timing (Baron et al. 2011, Sato-Mito 

et al. 2011, Lucassen et al. 2013, Silva et al. 2016, Teixeira et al. 2018, Vera et al. 2018, Xiao et al. 

2019)) as well as the unfavourable eating behaviours (Schubert & Randler 2008, Lázár et al. 2012, 

Meule et al. 2012, Lai & Say 2013, Vera et al. 2018, Beaulieu et al. 2020) and eating attitudes (Natale 

et al. 2008, Schmidt & Randler 2010, Harb et al. 2012, Muñoz et al. 2017) that accompanies and 

influences dietary intake (van der Merwe et al. 2022).  

It has been suggested that the link between chronotype and eating behaviours may be mediated by leptin 

and ghrelin since these hormones are known to show circadian rhythmicity (Takahashi et al. 1968, 

Cipolla-Neto et al. 2014). In normal conditions, leptin secretion is upregulated during the biological 

night (Cipolla-Neto et al. 2014), decreasing food intake, while ghrelin concentrations are at its highest 

during the day, promoting food intake. The satiety hormone, leptin acts on the hypothalamus by 

inhibiting, the neurotransmitter, neuropeptide Y (NPY) which results in a decrease in appetite and 

cessation of food intake (Klok et al. 2007). However, in obese individuals this is not the case despite 

having elevated leptin levels (Morioka et al. 2016).  Conversely, ghrelin, the appetite-stimulating 

hormone, is released from the stomach in response to fasting or low energy intake, binding to receptors 

in the hypothalamus. As a result, NPY is released, which in turn triggers feelings of hunger leading to 

food intake. In obese individuals, ghrelin regulation is disrupted showing decreased concentrations 

(Klok et al. 2007).  Any imbalances of these two hormones have drastic consequences on energy 

homeostasis and therefore body weight regulation (Morioka et al. 2016). Since leptin and ghrelin 

display a marked morning-evening difference, it stands to reason that there may be differences in the 

concentrations of these hormones between the different chronotypes (Takahashi et al. 1968, Cipolla-

Neto et al. 2014).   

To date, the association between chronotype, eating behaviours (Schubert & Randler 2008, Lázár et al. 

2012, Meule et al. 2012, Lai & Say 2013, Vera et al. 2018, Beaulieu et al. 2020), eating attitudes and 

related behaviours (Natale et al. 2008, Schmidt & Randler 2010, Harb et al. 2012, Muñoz et al. 2017) 

have largely been unexplored, especially by using the TFEQ (Schubert & Randler 2008) and EAT-26 

(Harb et al. 2012, Muñoz et al. 2017) investigating specific behaviours. The studies that have utilised 
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7.3 Results 

7.3.1 Study participants 

After the exclusion criteria were applied 287 women were included in the final analysis: 157 (55%) NZ 

European, 130 (45%) Pacific women. The median age of the study population was 28 (22,35) years, 

with a median BMI of 29 (23, 34) kg/m2 and BF% of 36 (28, 44) %. The majority of participants were 

classified as IT (n = 155, 54%) followed by ET (n = 97, 34%) and MT (n = 35, 12%). Among Pacific 

women, the lowest proportion were MT (5.4%), while the smallest proportion of NZ Europeans were 

ET.  Due to the small sample for MT as well as the statistically significant differences between ET and 

MT or ET and IT, the IT and MT were combined for analysis. In comparison with the MT-IT, the ET 

were respectively younger [23 (21, 26) vs. 30 (24, 37) years, P <0.01], the ETs were predominantly 

from Pacific ethnicity (86 vs. 14% NZ European, P <0.01) and from higher deprived areas [8 (6, 10) 

vs. 5 (3, 7) NZDep score, P <0.01]. The ET vs MT-IT had a higher BMI [31 (25, 37) vs 26 (23, 33) 

kg/m2, P <0.01] and higher BF% (36 ± 7 %) vs (34 ± 7 %), P = 0.02]. However, the mean BF% was 

higher in ET (36 ± 7 %) vs MT (32 ± 9 %, P = 0.02). A higher median leptin concentration was seen in 

the ET [15678 (7683, 23196) pg/mL] vs the MT-IT [10304 (4895, 19708) pg/mL]. On the other hand, 

a higher ghrelin concentration was seen in the MT-IT [48.9 (24.5, 83.6) pg/mL] vs the ET [28.1 (17.3, 

58.7) pg/mL].  With regards to dietary intake, there was no difference in daily mean protein (82.4 g vs 

86.3 g), fat (89.7 vs 92.9 g) and carbohydrate (223 vs 193 g) intakes between ET and MT-IT (P >0.05). 

Although, ET had a 213 kJ higher daily mean energy intake vs MT-IT (8745 vs 8532 kJ, respectively, 

P = 0.03) (Table 7.1). 
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*P value <0.05 determined by multinominal regression 

[ ] denotes the ideal eating behaviour combination  

Missing deprivation index (n = 3), Missing TFEQ (n = 2) 

OR = 0.28* 

Figure 7.3 

 

Figure 7.4 

 

Figure 7.5  

 

Figure 7.6 

 OR = 3.93* 

OR = 0.16* 

Figure 7.3 - 7.6 - Eating behaviour combination categories according to BMI and BF% groups 
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(Blundell et al. 2008, Schur et al. 2008, Langlois et al. 2011).  It is suggested that individuals with high 

restraint counteract their elevated appetite by increasing their conscious restriction of food intake in a 

bid to maintain body weight (Schur et al. 2008). For example, individuals with higher ghrelin (appetite) 

rigidly restrict their food intake and may employ strategies to avoid situations where habitual 

disinhibition (e.g., eating snacks while TV watching) may occur. This may in part account for the more 

obesity protecting eating behaviours including higher restraint, rigid control and lower situational and 

emotional disinhibition scores reported by the MT-IT in comparison with the ET.  Studies in obese 

individuals as well as night shift workers have shown that, the normal suppression of ghrelin after a 

meal is lessened, and consequently, these individuals still experience hunger, leading to 

overconsumption of food (Le Roux et al. 2005, Klok et al. 2007), which may partly explain the higher 

body composition and hunger scores seen in ET.  Negative correlations between ghrelin, total EAT-26 

and Bulimia & Food Preoccupation were seen, suggesting that individuals with lower appetite (ghrelin) 

are less likely to display disturbed eating attitudes. 

On the other hand, leptin was positively correlated with MCTQ score (towards eveningness), BMI and 

BF%. In obese individuals, resistance to the satiety hormone, leptin, is common. The reduced satiety in 

obese individuals may result in overconsumption of food and subsequent eating behaviours. In this 

study leptin was negatively correlated with flexible control, while being positively correlated with 

hunger and both hunger subcategories, disinhibition, habitual and emotional disinhibition, which 

further describe the association seen among ET in the high body composition groups and higher hunger, 

disinhibition, and lower restraint scores. In a forced desynchronisation study (which allowed to 

disentangle clock hours from sleep-wake times and homeostatic sleep drive), leptin was shown to not 

follow a 24-hour pattern but rather follow the sleep-wake and feeding-fasting cycle. They found a 

decrease in leptin concentrations (satiety hormone) (Scheer et al. 2009), which could possibly lead to 

reduced satiety in these individuals and consequently higher food intake. This suggests that scheduled 

meal timing is an important synchroniser of leptin concentrations (Scheer et al. 2009). ET are known to 

delay their meal timing, distributing their dietary intake towards the biological night (van der Merwe et 

al. 2022), which in conjunction with the higher adiposity may explain the higher leptin concentrations 

seen in the ET. These findings suggest that together with a higher body composition, the hunger and 

satiety hormones are linked with eating behaviour that promote excessive / poor quality food intake 

among ET. 

7.5 Strengths & limitations  

To our knowledge this is the first study to not only investigate the main TFEQ categories and the total 

EAT-26 score but also the subcategories of each, creating a more comprehensive behaviour profile of 

each chronotype. This study also showed the relationship between chronotype, eating behaviour and 

eating attitudes and body composition, which has not been explored previously. This study was limited 
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in a couple of ways. Firstly, the number of MT participants were very few and to account for this, the 

MT were combined with the IT. Secondly the study was of cross-sectional design, which limits the 

investigation of eating behaviours and eating attitudes over time. Furthermore, investigating the 

concentrations of the hunger and satiety hormones at different time points e.g., before and after food 

intake or in the day vs the evening could provide a clear picture of how these hormones affect behaviour.  

7.6 Conclusion 

Individuals with an ET are prone to display eating behaviour that led to overconsumption of food 

(including higher hunger and habitual disinhibition and lower restraint) and more disturbed eating 

attitudes (including bulimia & food preoccupation) all of which favours an eating pattern that promotes 

weight gain and obesity over time. Furthermore, this study showed a link between the hunger and satiety 

hormones regulation and the eating behaviour and eating attitudes, which suggests that hormonal 

regulation may mediate behaviours among different chronotypes and body composition behaviours.  

Individuals that are prone to weight gain are more vulnerable to problematic eating behaviours and 

disturbed eating attitudes. This chapter investigated the associations between eating behaviour and 

eating attitudes among different chronotypes. Furthermore, the association between eating behaviour, 

eating attitudes, body composition as well as leptin and ghrelin was investigated.  
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Figure 8.1 illustrates the three identified research areas as well as the related variables that was explored 

in this PhD thesis. 

 

 

 

 

 

 

 

 

 

Figure 8.1 Schematic overview of the key research variables 

 

8.2 Discussion of results by thesis objectives 

 

Thesis objective 1: to conduct a systematic review of the literature (i) in order to assess published 

evidence whether chronotype is associated with body composition, and (ii) if this has an effect on dietary 

intake, eating behaviours, and metabolic biomarkers in healthy adults (chapter 4).  

The systematic literature search was conducted (according to PRISMA principles) on PubMed, 

CINAHL, MEDLINE, SCOPUS, and Cochrane library, and identified 4404 articles. Of these, 24 full 

text articles were included in the systematic review. The systematic review (van der Merwe et al. 2022) 

was unique from other reviews because we did not include studies that recruited participants with acute, 

pre-existing and chronic diseases (Almoosawi et al. 2019, Lotti et al. 2021) or night shift workers (Mazri 

et al. 2020), which may have influenced chronotype. We compiled a comprehensive framework that 

grouped body composition and metabolic biomarker outcomes, eating behaviours, together with dietary 

components for each chronotype group in a healthy population of lean and obese women. These findings 

from the review gave further insight into the higher rates of overweight/obesity and unhealthier 

metabolic biomarkers among ET.   

 Based on the findings of the review the objectives were answered as follows:  

(i) Chronotype was associated with body composition. More specifically, a later chronotype (ET) 

was associated with either a higher BMI (Baron et al. 2011, Vera et al. 2018, Maukonen et al. 

2019, Xiao et al. 2019, Zeron-Rugerio et al. 2019, Muscogiuri et al. 2020) or a greater increase 
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in BMI over a period of time (Culnan et al. 2013, Lucassen et al. 2013, Maukonen et al. 2019), 

as well as a greater increase in weight over time when compared to MT (Maukonen et al. 2019).  

(ii) Chronotype was associated with dietary intake. The different chronotypes consumed similar 

quantities of energy (Baron et al. 2011, Sato-Mito et al. 2011, Baron et al. 2013, Lucassen et 

al. 2013, Maukonen et al. 2016, Maukonen et al. 2017, Yoshizaki et al. 2018, Vera et al. 2018, 

Maukonen et al. 2019, Xiao et al. 2019, Beaulieu et al. 2020, Muñoz et al. 2020, Zerón-Rugerio 

et al. 2020) and macronutrients (Baron et al. 2011, Sato-Mito et al. 2011, Baron et al. 2013, 

Lucassen et al. 2013, Maukonen et al. 2016, Mota et al. 2016, Maukonen et al. 2017, Yoshizaki 

et al. 2018, Teixeira et al. 2018, Vera et al. 2018, Muñoz et al. 2020), despite having different 

body composition profiles. Interestingly, distinct lower morning and higher evening energy and 

macronutrient intakes were found among ET when compared with MT (Baron et al. 2011, 

Baron et al. 2013, Lucassen et al. 2013, Maukonen et al. 2017, Maukonen et al. 2019, Xiao et 

al. 2019, Zerón-Rugerio et al. 2020). The format of the dietary intake between chronotypes 

differed, with earlier types consuming healthier, micronutrient-rich foods such as fruits (Baron 

et al. 2011, Yoshizaki et al. 2018), vegetables (Baron et al. 2011, Sato-Mito et al. 2011, 

Yoshizaki et al. 2018), pulses (Sato-Mito et al. 2011), eggs (Sato-Mito et al. 2011),  cereals 

(Maukonen et al. 2016, Vera et al. 2018), fish (Maukonen et al. 2017), and dairy (Sato-Mito et 

al. 2011). In comparison, ET consumed more energy-dense foods including sugar-sweetened 

beverages (Baron et al. 2011, Yoshizaki et al. 2018, Li et al. 2018, Muscogiuri et al. 2020), 

confectionery (Sato-Mito et al. 2011, Mota et al. 2016, Maukonen et al. 2017, Yoshizaki et al. 

2018, Muscogiuri et al. 2020), fast foods (Baron et al. 2011) and cholesterol containing foods 

(Mota et al. 2016).  

(iii) Specific eating behaviours were linked to chronotype. Those classified as ET, displayed more 

undesirable eating behaviours, such as later clock times for main meals (Baron et al. 2011, Sato-

Mito et al. 2011, Lucassen et al. 2013, Silva et al. 2016, Teixeira et al. 2018, Vera et al. 2018, 

Xiao et al. 2019) and breakfast skipping (Sato-Mito et al. 2011, Silva et al. 2016, Teixeira et al. 

2018).  

(iv) With regards to eating behaviour scores, the ET reported higher food cravings, less control over 

food intake (disinhibition) and emotional eating. Conversely, MT displayed healthy eating 

behaviours such as less stress-related eating and more control over foods eaten (restraint) (Vera 

et al. 2018). 

(v) Lastly, an unhealthy metabolic biomarker profile was found among ET, with higher lipid 

profiles and poorer glucose homeostasis when compared with MT (Vera et al. 2018). 

 

The systematic review identified the following research gaps which guided the analysis of the 

PROMIsE study dataset among women recruited with different body composition profiles and 

chronotypes. 
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Thesis objective three: To describe the diet of these women of in terms of eating patterns (nutritional 

composition and timing of meals) and to investigate whether chronotype and body composition are 

associated with the eating patterns (chapter 5).  

For this part of the doctoral thesis, particular focus was placed on the distribution of energy and 

macronutrient intake during the 24-hour day in relation to BF% and AG ratio of the PROMIsE data. 

We found similar total daily energy and macronutrient intakes for MT and ET, which concurs with the 

findings from the systematic review (van der Merwe et al. 2022).  However, the ET group showed a 

higher energy intake than the combined MT-IT group.  

With regards to micronutrient intakes, the entire study population consumed inadequate quantities of 

micronutrients (potassium, calcium, iron, iodine, and vitamin E). The ETs had the lowest intakes (folate, 

vitamin A, -C, -E, magnesium potassium, calcium, iron, and iodine) among all the chronotypes, which 

is similar to findings from others (Sato-Mito et al 2011, Kanerva et al. 2012). Micronutrients form an 

integral part of a healthy diet and low intakes such as was seen among the ET, are associated with 

increased risk of cancer (Palli et al. 2001, Bosetti et al. 2013).  

Previous studies have shown that ET delay their meal timing with later clock times for main meals 

(Baron et al. 2011, Sato-Mito et al. 2011, Lucassen et al. 2013, Silva et al. 2016, Teixeira et al. 2018, 

Vera et al. 2018, Xiao et al. 2019). Few studies have investigated the distribution of energy (Baron et 

al. 2011, Maukonen et al. 2017, Maukonen et al. 2019, Zerón-Rugerio et al. 2020) and macronutrient 

intake throughout the day (Baron et al. 2013, Maukonen et al. 2017, Xiao et al. 2019), showing that 

chronotypes consumed their meals according to their preferred sleep-wake timing. We found similar 

results, showing that ET distributed their daily energy and macronutrient intakes towards night-time, 

consuming 23% of their total energy intake after 20:00 and only 9% in the morning before 10:00. While 

the MT-IT distributed their intakes towards the early part of the day, consuming 15% of their total 

energy intake before 10:00 and only 11% at night after 20:00). 

The timing of dietary intake is important as there is clear evidence that macronutrient metabolism and 

energy expenditure vary across the 24-hour light-dark cycle (Roberts 1964, Takahashi et al. 1968, 

Shapiro et al. 1991, Boden et al. 1996, Van Cauter et al. 1997, Damiola et al. 2000, Saad et al. 2012, 

Cipolla-Neto et al. 2014, Covassin et al. 2016, Rácz et al. 2018), having different effects on energy 

utilisation and ultimately body composition (Garaulet et al. 2013, Jakubowicz et al. 2013, Jakubowicz 

et al. 2017). However, to the best of our knowledge, only two studies have examined the effect of timing 

of intake on body composition and found conflicting results (Muñoz et al. 2017, Xiao et al. 2019). 

Results from our study showed that the timing of dietary intake was associated with body composition. 

Being a later chronotype (ET) in the high AG ratio and BF% groups, predicted lower energy, protein 

and carbohydrate intakes in the morning, and higher energy, carbohydrate, and fat intakes at night. 

Thereby showing that nutritionally ET do not make the most of the early part of the day, which is 
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metabolically the ideal circadian phase of the day for food intake and optimal nutrient utilisation 

(Roberts 1964, Takahashi et al. 1968, Shapiro et al. 1991, Boden et al. 1996, Van Cauter et al. 1997, 

Damiola et al. 2000, Saad et al. 2012, Cipolla-Neto et al. 2014, Covassin et al. 2016 , Rácz et al. 2018). 

 

Thesis objective 4: to investigate whether chronotype is associated with metabolic biomarkers (chapter 

5). 

This PhD thesis is one of a handful of studies that explored metabolic biomarker differences among a 

healthy chronotype population (Lázár et al. 2012, Lucassen et al. 2013, Vera et al. 2018, Muñoz et al. 

2020). Earlier chronotypes (MT-IT) had an overall healthier metabolic profile and lower concentrations 

of triglycerides, insulin, leptin, HbA1c and higher HDL-cholesterol and ghrelin concentrations in 

comparison with ET. Higher total cholesterol and LDL-cholesterol concentrations were found in the 

MT-IT, which has not been reported by other studies. The unexpected higher total- and LDL-cholesterol 

concentrations seen among MT-IT in this data set could be related to their dietary patterns (see also 

chapter 6) that revealed lower intakes of carbohydrates and higher intakes of saturated fat well known 

to influence total- and LDL- cholesterol concentrations (Noakes et al. 2006, Bueno et al. 2013). 

We further demonstrated that the timing of energy intake was correlated with certain biomarkers. A 

higher evening energy intake was positively correlated with higher HbA1c, insulin and triglyceride 

concentrations. In contrast, a higher morning energy intake was negatively correlated with lower 

HbA1c, insulin and leptin concentrations, and positively correlated with a higher HDL-cholesterol 

concentration. This study found that MT-IT consumed most of their total daily energy during the 

morning and in comparison, ET consumed the most during the evening. These findings suggest that 

MT-IT, who consume more energy during the morning may have an overall healthier metabolic profile, 

whilst the ET, who consume more energy during the evening have a less healthy metabolic profile. A 

clear link between timing of energy intake and metabolic biomarkers cannot be established by this study 

due to the cross-sectional design. 

 

Thesis objective 5: To identify dietary patterns (food and nutrient patterns) and investigate if the 

patterns are associated with chronotype and body composition (chapter 6). 

To our knowledge this is the first study to not only investigate dietary patterns among chronotypes, but 

also the first to extract both food- and nutrient dietary patterns in the same study creating a whole diet 

picture 

Firstly, we extracted food patterns, by categorising the foods from 5DFR into 33 food groups. The 

following food patterns were extracted and named according to the high correlating foods in each 
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In conclusion, morning food intake is an important start to the day and completely skipping the morning 

meal is not advisable.  Breaking the nightly fast at some point in the morning, may prevent eating 

behaviours that precedes higher dietary intakes during the night. The early bird does indeed catch the 

worm. 
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Appendix A.2 Information sheet 
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Appendix A.3 Consent form 
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Measurement Methods Outcomes 

- time and -pattern 

 Pittsburgh sleep quality index 

General sleep disturbance scale 

Munich chronotype questionnaire 

 

Berlin questionnaire 

Sleep quality 

Sleep pattern 

Circadian phase 

 

Obstructive sleep apnoea identification 

 Sleep diary Self-reported Actiwatch sleep commencement and wake 

 

Taste perception, intensity, 

and hedonic preference 

- Sweet and fat taste sensitivity and preference. 

Gut microbiome DNA extraction & sequencing Ratio of bacterial phyla Fitmicutes to Bacteroidetes 

Measures of gene counts 

Prevalence and abundance of methanogens & biological pathways 

Relative abundance of bacterial species and microbial genes 
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Appendix A.5 Five-day food record 
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Code Food group Food items included 

57 Fruit drinks, soft 

drinks, and other 

beverages 

All cordials, flavoured water, sports drinks, soft drinks, fruit drinks, 

iced tea, energy drinks 

58 Diet drinks All exclusively artificially sweetened beverages  

59 Tea Black, green, herbal, chai, kombucha 

60 Coffee instant, brewed, espresso, pre-mixed sachet, filter, cold brew 

61 Beer  Beer (standard and low alcohol) 

62 Wine  Wine (stanard and low alcohol) 

63 Water Water (unflavoured, soda, tap) 

64 Spirits and other 

alcoholic beverage 

Cider, spirits, RTDs, sherry, port, liqueurs 

65 Sugar added to food 

and drink 

All sugar added to food and drink  

66 Shakes & Protein 

Powders 

Protein powders, cacao powder, baking powder, baking soda, weight 

loss shakes, psyllium husk powder, cornflour, vanilla essence, natural 

sweeteners, yeast, flours 
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h.  If I get the chance, I like to take a nap: 

      Yes O         No O 

i.  If yes, I like to nap at: 

     (Please specify am/pm)  

     [HH:MM  AM/PM] 

     for: 

     [MINUTES] 

2.  Imagine having free days (days when you are not scheduled to work, study, care for others or have 

no other regular commitments).  On free days: 

a.  Ideally, I would sleep in until: 

     (Please specify am/pm)  

     [HH:MM  AM/PM] 

b.  I normally wake up at: 

     (Please specify am/pm)  

     [HH:MM  AM/PM] 

c.  If I wake up at around the normal (scheduled/work day) alarm time, I try to get back to sleep: 

     Yes O         No O 

d.  If I get back to sleep, I sleep for another: 

      [MINUTES] 

e.  I am fully awake from: 

     (Please specify am/pm)  

     [HH:MM  AM/PM] 
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f.  I have an energy dip at around: 

    (Please specify am/pm)  

     [HH:MM  AM/PM] 

g.  On nights before free days, I go to bed at: 

     (Please specify am/pm)  

     [HH:MM  AM/PM] 

h.  To fall asleep when I go to bed takes me: 

      [MINUTES] 

i.   If I get the chance, I like to take a nap: 

     Yes O         No O 

j:  If yes, I like to nap at: 

    (Please specify am/pm)  

     [HH:MM  AM/PM] 

     for: 

      [MINUTES] 
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Appendix A.8 Three Factor Eating Behaviour Questionnaire 

 

  



 

328 
 

 

  



 

329 
 

 

  



 

330 
 

 

  



 

331 
 

 

  



 

332 
 

 

  



 

333 
 

 

  



 

334 
 

 

  



 

335 
 

 

  



 

336 
 

 

 



 

337 
 

Appendix A.9 Eating Attitudes Test-26 
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Section/topic # Checklist item Reported on page # of 

document 

Summary of evidence  24 Summarise the main findings including the strength of evidence for each main outcome; consider their 

relevance to key groups (e.g., healthcare providers, users, and policy makers).  

148 -152 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 

retrieval of identified research, reporting bias).  

153 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for 

future research.  

153 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 

funders for the systematic review.  

Title pg. 
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Appendix B.3 PICOS table 

Review 

question 

Is body composition, dietary intake, eating behaviour and biomarker outcomes in 

healthy adults dependent on chronotype? 

Population Inclusion criteria: Healthy adults 18 years and older. 

Exclusion criteria: Individuals <18 years; pregnant and lactating women, night shift 

workers, diagnosed acute, pre-existing and chronic conditions (e.g., eating disorders, 

trauma, surgical or hospitalized patients, depression, mental illness, sleep disorders, 

diabetes and hypertension).   

Intervention Classification according to chronotype using validated chronotype questionnaires such 

as the Munich Chronotypes Questionnaire and the Morning-Eveningness Questionnaire 

as well as studies using mid-point of sleep to define chronotype.  

Comparator Body composition profile (BMI, body fat profiles, waist- and hip circumference, etc.). 

Outcomes Must include one of the following:  

Dietary intake (total and distribution of macro- and micronutrient intakes as well as food 

group intakes), and/or 

Eating behaviours/habits (meal timing, meal frequency, binge eating, perceived hunger, 

eating restraint, eating control, emotional eating, eating context e.g., meal intake while 

watching television, emotional eating and other relevant behavious) and/or 

Biomarkers (such as blood glucose, glycated hemoglobulin levels, lipid profiles, liver 

function, endocrine regulators, and other relevant biomarkers and hormone levels). 

Study design All relevant study design except for conference proceedings, editorial letters, review 

articles and pharmacological studies.  
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Appendix B.4 Joanna Briggs institute checklists for analytical cross-sectional studies 

 

Reference Criteria for 

sample 

inclusion 

clearly 

defined? 

Study 

subjects and 

setting 

described in 

detail? 

Exposure 

measured in a 

valid and 

reliable way? 

Objective, 

standard criteria 

used for 

measurement of 

the condition? 

Confounding 

factors 

identified? 

Strategies to 

deal with 

confounding 

factors stated? 

Outcomes 

measured in 

a valid and 

reliable way? 

Appropriate 

statistical 

analysis 

used? 

Score 

/8 

Sato-Mito et al. 2011  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Vera et al.2018  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Najem et al. 2020  Yes Yes Yes Yes Unclear Unclear Yes Yes 6 

Lázár et al. 2012  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Yoshizaki et al. 2018  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Silva et al. 2016  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Lai & Say. 2013  Unclear  Yes Yes Yes Yes Yes Yes Yes 7 

Lucassen et al. 2013  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Mota et al. 2016  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Zerón-Rugerio et al. 2019  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Maukonen et al. 2017  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Maukonen et al. 2016  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Teixeira et al. 2018  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Li et al. 2018  Yes Yes Yes Yes Yes Yes Yes Yes 8 

De Amicis et al. 2020  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Baron et al. 2011  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Baron et al. 2013  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Beaulieu et al. 2020  Yes Unclear Yes Yes Unclear Unclear Yes Yes 5 

Muscogiuri et al. 2020  Yes Yes Yes Yes Yes Yes Yes Yes 8 

Zerón-Rugerio et al. 2020  Yes Yes Yes Yes Yes Yes Yes Yes 8 
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Appendix B.5 Joanna Briggs institute checklists for cohort studies 

 

 

 

Reference Groups 

similar/ 

from same 

population? 

Exposures 

measured 

similarly to 

assign 

people to 

both 

exposed & 

unexposed 

groups? 

Exposure 

measured 

in a valid 

and 

reliable 

way? 

Confounding 

factors 

identified? 

Strategies to 

deal with 

confounding 

factors 

stated? 

Participants 

free of the 

outcome at 

start of study 

(or at the 

moment of 

exposure)? 

Outcomes 

measured 

in a valid 

and 

reliable 

way? 

Follow up 

time 

reported 

& 

sufficient 

for 

outcomes 

to occur? 

Follow up 

complete, 

and if not, 

were the 

reasons to 

loss to 

follow p 

described 

and 

explored? 

Strategies 

to address 

incomplete 

follow up 

utilised? 

Appropriate 

statistical 

analysis 

used? 

Score 

/11 

Xiao et al. 

2019  

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 11 

Maukonen 

et al. 2019  

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 11 

Culnan et 

al. 2013  

Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear Yes 10 
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Appendix B.6 Joanna Briggs institute checklists for randomised controlled trials 

 

 

Refe-

rence 

True 

randomi-

zation used 

for 

assignment 

of 

participants 

to treatment 

groups? 

Allocation 

to 

treatment 

groups 

concealed 

Treat-

ment 

groups 

similar 

at 

baseline 

Partici-

pants blind 

to 

treatment 

assignment  

Those 

delivering 

treatment 

blind to 

treatment 

assignment 

Outcome 

assessors 

blind to 

treatment 

assignment 

Treatment 

groups 

treated 

identically 

other than 

the 

interven-

tion 

Follow up 

complete and 

if not, were 

differences 

between 

groups in 

terms of 

their follow 

up 

adequately 

described 

and analysed 

Participants 

analysed in 

the groups to 

which they 

were 

randomised 

Outcomes 

measured 

in the same 

way for 

treatment 

groups 

Were 

outcomes 

measured 

in a 

reliable 

way 

Appro-

priate 

statis-

tical 

analysis 

used 

Appropri-

ate trial 

design, and 

any 

deviations 

from the 

standard 

RCT 

design 

(indivi-

dual 

randomi-

sation, 

parallel 

groups) 

accounted 

for in 

conduct 

and 

analysis of 

trial 

 

Score 

/13 

Muñoz, 

2020  

Yes Yes Yes Yes Yes Unsure Yes Yes Yes Yes Yes Yes Yes 12 
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Appendix C.3 Average hourly protein intake 
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Appendix C.4 Average hourly carbohydrate intake 
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Appendix C.5 Average hourly fat intake 
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Food Group Food Items Included 

Wholegrains Tabbouleh, brown rice salad, Quinoa, buckwheat, bulgur wheat, brown rice, 

wholemeal pasta, wholegrain gluten free pasta e.g., brown rice & Wholegrain 

Breads: high fibre, wholemeal, wholegrain, including gluten free options & Oats: 

porridge, rolled oats, oat bran 

Breakfast cereals Sweetened: Sultana bran, light and fruity cereal, chocolate-based cereals, 

nutrigrain, honey puffs, milo cereals, fruit loops, oat sachets & Unsweetened: 

Weetbix, bran cereals, rice bubbles, cornflakes, all muesli, and granola 

Meats Red meat: Beef, lamb, venison, mince, patties, (stir fry, curry, stew) & White 

meat: Chicken, pork, turkey, (stir fry, curry, stew) 

Processed meats Corned beef (canned), corned silverside, smoked chicken, smoked hock and 

salami, ham, sausages, frankfurters, bacon, chorizo, luncheon meat 

Fish & seafood Canned, fresh, Ota ika, curry, stew  

Eggs Whole eggs (boiled, poached, fried, plain omelette), quiche, frittata, omelette 

with filling, egg, and banana pancake  

Legumes Baked beans, black beans, dahl, canned or dried legumes, hummus, and legume 

based vegetarian meals and products, edamame beans tofu, soy yoghurts  

Nuts & seeds  Brazil nuts, walnuts, almond, cashew, pistachio, chia, linseed, pumpkin, sesame, 

peanut butter, and peanuts 

Saturated Animal 

& Coconut Fats 

Cream, sour cream, reduced cream, butter, lard, dripping, ghee & coconut 

products: oil, cream, milk, desiccated, yoghurt, fresh  

Unsaturated Plant-

Based Fats 

Avocado (whole fruit), canola, sunflower, olive, vegetable oil, cooking spray, 

salad dressings (French/Italian), all margarines 

Creamy dressings 

& sauces  

Creamy readymade meal-based sauces, dips, mayonnaise, aioli, tartare sauce, 

white sauce, cheese sauce 

Savoury sauces, 

spreads & 

condiments 

Curry pastes, herb and spices, stock, vinegar, gravy and garlic sauce, instant and 

packet soups, oil-based condiments such as sundried tomatoes / olives in oil, 

pesto, tomato, barbeque, mint, soy, gravy, mustard, chutney, miso, pasta sauce, 

tomato paste, sweet chilli sauce, vegemite, marmite 

Cakes & Puddings Cakes & Biscuits: Slices, cakes, loaves, muffins, biscuits, doughnuts, sweet pies, 

pastries, tarts & Puddings & Deserts: Including all milk alternative ice creams, 

ice cream, custard, milk-based puddings e.g., rice, instant, semolina, pavlova, 

sticky date, fruit pies and crumbles, jelly, ice blocks 

Sweet snack foods Fruit and nut mixes, bliss balls, chocolate, lollies, muesli bars,  

Savoury snack 

foods 

Popcorn, potato crisps, corn chips, twisties, bujha mix, 
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Appendix D.3 Food distribution between food pattern tertiles (T3 vs T1) 

Food Group 

(g) 

Micronutrient-Rich High Protein-Fat-Fibre High Vitamin B High Carbohydrate 

 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 

Nuts & seeds 3 (0, 15) 1 (0, 10) 4 (0, 13) 0 (0, 8) 0 (0, 10) 10 (0, 

27)a, b 

2 (0, 15) 0 (0, 13) 3 (0, 12) 7 (0, 21) 3 (0, 13) 0 (0, 8)a 

Coloured 

vegetables 

50 (20, 91) 54 (10, 

95) 

50 (12, 

89) 

34 (12, 

83) 

50 (9, 

91) 

69 (28, 

113)a 

55 (15, 

93) 

40 (8, 

109) 

48 (14, 

87) 

83 (28, 

120) 

56 (21, 

86) 

26 (4, 

54)a, b 

Fast Foods 136 (48, 

253) 

101 (36, 

249) 

108 (48, 

217) 

99 (40, 

184) 

131 (48, 

256) 

133 (45, 

250) 

114 (46, 

241) 

143 (48, 

248) 

101 (36, 

212) 

64 (14, 

136) 

111 (50, 

128) 

206 (119, 

288)a, b 

Non-Starchy 

Vegetables 

22 (8, 53) 31 (11, 

69) 

36 (13, 

63) 

21 (4, 

48) 

29 (9, 

58) 

43 (15, 

71)a 

24 (5, 

56) 

34 (10, 

62) 

31 (13, 

69) 

43 (20, 

93)b 

32 (9, 

58) 

17 (5, 

45)a 

Sugar & 

Artificially 

Sweetened 

Beverages 

77 (0, 251) 83 (0, 

236) 

67 (0, 

189) 

95 (0, 

227) 

95 (0, 

275) 

50 (0, 

194) 

76 (0, 

118) 

88 (0, 

254) 

67 (0, 

246) 

23 (0, 

137) 

66 (0, 

162) 

195 (26, 

345)a, b 

Coffee  1 (0, 75) 1 (0, 49) 1 (0, 67) 0 (0, 12) 1 (0, 52) 1 (0, 131) 1 (0, 52) 1 (0, 49) 1 (0, 77) 13 (0, 

115)b 

0 (0, 52) 0 (0, 6)a 

Cheese 11 (0, 23) 10 (0, 26) 13 (2, 25) 5 (0, 18) 12 (1, 

23) 

17 (4, 

36)a 

10 (0, 

30) 

11 (0, 

21) 

12 (1, 23) 17 (3, 31) 13 (1, 

26) 

6 (0, 20)a 

Eggs 24 (0, 48) 0 (0, 55) 0 (0, 61) 10 (0, 

26) 

21 (0, 

50) 

36 (12, 

84)a, b 

23 (1, 

58) 

14 (0, 

50) 

22 (0, 44) 46 (12, 

84)b 

21 (0, 

42) 

5 (0, 24)a, 

b 

Unsaturated 

Plant-Based 

fats 

7 (2, 19) 9 (2, 23) 6 (2, 19) 5 (1, 13) 7 (2, 18) 14 (4, 32) 

a , b 

9 (1, 23) 6 (1, 18) 7 (3, 20) 12 (6, 

28)b 

7 (1, 19) 5 (1, 13)a 

Tea 40 (0, 223) 102 (0, 

306) 

41 (0, 

237) 

30 (0, 

242) 

50 (0, 

223) 

117 (0, 

306) 

0 (0, 

204) 

56 (0, 

266) 

101 (0, 

275) 

113 (0, 

284) 

50 (0, 

285) 

0 (0, 

190)a 
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Food Group 

(g) 

Micronutrient-Rich High Protein-Fat-Fibre High Vitamin B High Carbohydrate 

Apple, Banana 

& Oranges 

42 (0, 99) 41 (0, 

109) 

41 (0, 77) 41 (0, 

100) 

32 (0, 

80) 

47 (14, 

92) 

41 (0, 

88) 

48 (5, 

89) 

33 (0, 93) 41 (0, 91) 41 (0, 

89)  

41 (0, 81) 

Shakes & 

Protein 

Powders 

0 (0, 0) 0 (0, 1) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 2)a 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 2) 0 (0, 0) 0 (0, 0)a 

Refined Grains 83 (50, 

146) 

85 (41, 

150) 

100 (46, 

134) 

91 (41, 

121)

  

84 (43, 

134) 

94 (53, 

161) 

95 (49, 

181) 

89 (48, 

140) 

85 (39, 

124) 

60 (28, 

94)b 

94 (52, 

130) 

127 (66, 

194)a, b 

Wholegrains 24 (9, 59) 42 (0, 88) 37 (0, 77) 30 (0, 

65) 

32 (0, 

78) 

36 (9, 83) 35 (8, 

66) 

30 (0, 

76) 

33 (8, 76) 32 (2, 67) 40 (14, 

84) 

24 (0, 71) 

Savoury Snack 

Foods 

4 (0, 17) 4 (0, 22) 3 (0, 17) 0 (0, 12) 2 (0, 20)  13 (0, 

26)a 

4 (0, 17) 3 (0, 20) 4 (0, 17) 0 (0, 10)b 7 (0, 18) 11 (0, 

27)a 

Meat 96 (45, 

139) 

90 (37, 

130) 

101 (61, 

161) 

70 (30, 

106) 

100 

(65,140) 

126 

(67,183)a 

98 (62, 

139) 

105 (55, 

164) 

84 (31, 

128) 

106 (65, 

152) 

94 (56, 

142) 

84 (30, 

127) 

Legumes 0 (0, 10) 0 (0, 24) 0 (0, 22) 0 (0, 12) 0 (0, 16) 0 (0, 34) 0 (0, 14) 0 (0, 13) 0 (0, 33) 0 (0, 23) 0 (0, 15) 0 (0, 3) 

Sweet Snack 

Foods 

13 (0, 34) 12 (1, 28) 14 (0, 28) 10 (0, 

21) 

13 (2, 

28) 

21 (1, 

37)a 

12 (0, 

24) 

12 (1, 

31) 

16 (2, 30) 10 (1, 26) 12 (0, 

24) 

18 (1, 34) 

Discretionary 

Snack Breads  

0 (0, 20) 0 (0, 20) 0 (0, 16) 0 (0, 23) 0 (0, 20) 0 (0, 16) 0 (0, 20) 0 (0, 20) 0 (0, 19) 0 (0, 15) 0 (0, 19) 0 (0, 28) 

Starchy 

Vegetables 

22 (0, 56) 40 (0, 76) 37 (6, 72) 29 (0, 

65) 

42 (0, 

85) 

34 (8, 69) 35 (11, 

76) 

29 (0, 

64) 

35 (3, 76) 21 (0, 60) 40 (9, 

80) 

41 (10, 

76) 

Processed 

Meats 

7 (0, 21) 11 (0, 24) 17 (0, 46)a 4 (0, 22) 12 (0, 

35) 

15 (0, 

33)a 

12 (0, 

24) 

12 (0, 

36) 

9 (0, 32) 12 (0, 40) 11 (0, 

28) 

8 (0, 26) 

Alcoholic 

drinks 

0 (0, 90) 0 (0, 50) 0 (0, 61) 0 (0, 2) 0 (0, 90)a 0 (0, 103) 0 (0, 76) 0 (0, 0) 0 (0, 99)b 0 (0, 100) 0 (0, 80) 0 (0, 0)a 

Cakes & 

Puddings 

35 (10, 85) 25 (9, 57) 35 (11, 

56) 

30 (8, 

58) 

32 (9, 

61) 

38 (10, 

78)  

31 (5, 

77)  

28 (8, 

59)  

39 (12, 

65)  

19 (0, 38) 36 (14, 

65) 

57 (16, 

105)a 
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Food Group 

(g) 

Micronutrient-Rich High Protein-Fat-Fibre High Vitamin B High Carbohydrate 

Sweetened 

Dairy & Milk 

Alternatives 

54 (5, 108) 26 (0, 

125) 

36 (2, 

103) 

25 (0, 

85) 

30 (0, 

108) 

54 (6, 

131) 

39 (2, 

120) 

32 (0, 

104) 

53 (0, 

106) 

33 (1, 78) 32 (0, 

103) 

53 (1, 

157) 

Dairy Milk 87 (21, 

194) 

74 (11, 

148) 

84 (33, 

155) 

83 (23, 

155) 

88 (25, 

180) 

78 (6, 

167) 

92 (11, 

157) 

87 (36, 

169) 

70 (18, 

144) 

57 (3, 

146) 

90 (39, 

155) 

104 (31, 

206)a 

Other Fruit & 

Juices 

52 (7, 114) 53 (8, 

136) 

50 (0, 96) 50 (0, 

126) 

53 (5, 

117) 

57 (14, 

109) 

48 (8, 

114) 

53 (2, 

125) 

53 (0, 

127) 

31 (0, 77) 55 (8, 

132) 

64 (15, 

143)a 

Sugar-Added 

to Food & 

Beverages & 

Sweet Spreads 

3 (0, 11) 5 (0, 12) 4 (0, 13) 4 (0, 10) 4 (0, 12) 3 (0, 13) 4 (0, 12) 4 (0, 11) 4 (0, 12) 2 (0, 5)b 4 (0, 11) 9 (1, 20)a, 

b 

Saturated 

Animal & 

Coconut Fats 

7 (1, 18) 5 (0, 17) 7 (2, 16) 3 (0, 10) 7 (1, 16) 12 (4, 

24)a, b 

8 (1, 20) 7 (0, 17) 7 (2, 15) 8 (2, 18) 7 (1, 18) 5 (0, 14) 

Creamy 

Dressings & 

Sauces 

2 (0, 9) 1 (0, 7) 1 (0, 13) 0 (0, 4)b 3 (0, 13) 3 (0, 10) a 2 (0, 8) 1 (0, 9) 1 (0, 7) 1 (0, 10) 1 (0, 9) 2 (0, 7) 

Fish & Seafood 3 (0, 36) 4 (0, 35) 4 (0, 31) 0 (0, 37) 3 (0, 30) 10 (0, 39) 0 (0, 26) 1 (0, 36) 11 (0, 40) 7 (0, 35) 0 (0, 30) 6 (0, 34) 

Breakfast 

Cereals 

5 (0, 24) 7 (0, 30) 0 (0, 17) 9 (0, 29) 0 (0, 20) 0 (0, 19) 0 (0, 13)b 10 (0, 

27) 

0 (0, 23) 0 (0, 9)b 7 (0, 23) 12 (0, 

30)a 

Savoury 

Sauces Spreads 

& Condiments 

13 (3, 28) 15 (3, 34) 8 (3, 20) 7 (1, 28) 14 (4, 

27) 

14 (5, 29) 14 (5, 

30) 

8 (1, 28) 14 (6, 25) 9 (2, 20)b 14 (6, 

31) 

10 (3, 30) 

Values are reported as Median (25th ,75th percentiles),   

Kruskall- Walis with multiple comparison rank tests were used to compare between three groups (T1, T2, T3) of continuous, non-normally distributed data, 

 a compared against T1, b compared against T2, adjusted by the Bonferroni correction for multiple comparisons: 0.05 / 3 = 0.0167.  
 












