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Abstract

Non-alcoholic fatty liver disease (NAFLD) is the most prevalent liver condition globally, affecting
up to 30% of adults in Western countries. Chronic low-grade inflammation is a key feature in the
pathogenesis of NAFLD and progression to steatohepatitis and cirrhosis. In the absence of effective
pharmacotherapy, diet and weight loss are the main management strategies, however weight loss is
often unsustainable. The Mediterranean diet (MedDiet), recognised for its anti-inflammatory
properties and shown to improve cardiovascular health outcomes, is recommended in the
management of NAFLD. Limited trials have assessed the effect of a MedDiet on inflammation in

patients with NAFLD.

The primary aim of this thesis was to test the effect of a 12-week ad libitum MedDiet and LFD
intervention on markers of inflammation. Secondary aims were to assess effects on liver outcomes,
blood biomarkers, anthropometry, body composition, dietary inflammatory index (DII) and the
prevalence of gene variants influencing levels of inflammatory markers in a multi-ethnic NAFLD

cohort residing in Australia.

Forty-two participants (60% female, 52.3 + 12.6 years, BMI 32.2 + 6.2kg/m?; 43% type 2 diabetes
mellitus) were recruited and randomised to the MedDiet (n=19) or LFD (n=23). The MedDiet group
significantly improved adiponectin levels and significantly reduced visceral fat, in the absence of
weight loss. No change in inflammatory markers was observed in the LFD group, however
significant reduction in insulin resistance, liver enzymes and visceral fat occurred. Diet quality and
adherence to the MedDiet improved in the entire cohort regardless of randomisation, and MedDiet
adherence was associated with an improved DII score at 12-weeks. Significant inflammatory gene-
nutrient interactions were not observed in this group. This study suggests that the MedDiet may
improve inflammation and adiposity in patients with NAFLD, while an improvement in overall diet
quality, regardless of dietary intervention, may be superior for secondary outcomes. Larger sample

sizes are required to further explore these findings.



Statement of Authorship

"This thesis includes work by the author that has been published or accepted for publication as
described in the text. Except where reference is made in the text of the thesis, this thesis contains
no other material published elsewhere or extracted in whole or in part from a thesis accepted for
the award of any other degree or diploma. No other person's work has been used without due
acknowledgment in the main text of the thesis. This thesis has not been submitted for the award
of any degree or diploma in any other tertiary institution. All research procedures reported in the

thesis were approved by the relevant Ethics Committee”.

Anjana Joy Reddy

Date: 14/05/2021



Acknowledgements

Funding Support

List of Publications and Conference Abstracts
Table of Contents

List of Figures

List of Tables

List of Appendices

List of Abbreviations



Acknowledgements

Dr Audrey Tierney

To my primary supervisor and first true mentor, Audrey. You have impacted my career in research
and academia in the most profound way and for this I will forever be grateful. Thank you for your
constant support and guidance over the years. [’'m often in awe of the ease with which you conduct
yourself through your teaching and research activities. I appreciate your kindness, generosity,
down-to-earth nature and approachability, traits I feel I’ve developed as an academic, researcher

and individual from working closely with you. Thank you.

Dr Elena George

To my co-supervisor, colleague, friend, and mentor — El. Thank you for taking me under your wing
and introducing me to all-things MEDINA! You are a wealth of knowledge and I don’t think that
there was one meeting, phone-call or coffee catch-up where I didn’t learn something new from you.
I couldn’t have asked for a more dynamic team and support network throughout my PhD
candidature. Thank you for the moral support in tough and testing times, and for making sure to

celebrate the small victories with me along the way.

Hepatologists and collaborators on the MEDINA trial; Professor Stuart Roberts, Associate
Professor Amanda Nicoll, Dr Marno Ryan, Dr Siddharth Sood, Dr Chee Kai Chan, Dr Paul Della-
Gatta, Dr Shaun Mason, and all of the Alfred Health, Eastern Health and Melbourne Health staff-
Thank you for your involvement in planning and coordinating this project, guiding me through

recruitment processes, data collection and analyses.

MEDINA Study Participants, without you all this work would not be possible. Thank you for your
time and effort, it was lovely getting to know all of you and to grow your understanding of diet and

disease.

PhD colleagues

To my amazing PhD colleagues both past and present; Elena, Gina, Sarah, Hannah, Oana, Brooke,
Michael, Katerina, Elizabeth and Lauren, what would I have done without you all! Thanks for the
(oh-so-many) conversations, coffee runs, lunch dates and laughs. It takes a village and a village we

were!



La Trobe Nutrition and Dietetics Team

To the LTU Nutrition team both past and present, from those who have taught me to those I have
taught with — thank you all. Thank you for your shoulders to lean on and those same shoulders to

bolster me up and help me grow. I am so grateful.

I would like to acknowledge Dr Don Vicendese for providing statistical advice relating to each
chapter of this doctoral thesis. A special mention to Dr Quynh Dinh and team, although we
encountered a problematic analysis which has been put on hold for a later date, I appreciate all of

your hard work, persistence, and time.

Family and Friends

To my girls, Mirella, Maddison, Chanel and Zoe, I’ve lost count of how many pep-talks (and wines)

we have had in relation to my work. Thank you for listening, thank you for your support.

To my little loves, Priya and Kajal Reddy. You are the toughest girls I know with the gentlest hearts.
Thank you for bringing light, laughter, and silliness into my life. Thank you for the endless
conversations about changing the world and re-instilling kindness, compassion, and empathy in me

when I’'m feeling overwhelmed.

To my never sympathetic but always supportive brother, Adriel Reddy. Thanks for the tough love

and perspective. [ know I can count on you through the highs and the lows.

Finally, to the two people without whom I wouldn’t be the woman that I am today, Mum and Dad.
Thank you for all of the sacrifices you have made to get me to where I am today. Thank you for
bringing me up in world where nothing was ever out of my reach, for always gently nudging me in
the right direction and never pushing me, for your patience, unconditional love and understanding.
Your strength, resilience and love for life is truly inspiring. You are what drives me to always do

better. Thank you for trusting me to find my own way and believing in my journey.

This work is for you. With love, from your daughter, Dr Anj Reddy.



Funding Support

This thesis was embedded within the MEDINA trial which was funded by an Understanding
Disease Research Focus Area Internal La Trobe University grant. The investigators; Tierney AC,

Roberts SK, Itsiopoulos C, Jois M, Salim A, Ryan M, Nicoll AJ, Roche H, George ES.

The analysis of inflammatory cytokine and adipokine markers within the MEDINA trial was funded
by an Australasian Society of Parenteral and Enteral Nutrition small project grant. The

investigators; George ES, Tierney AC, Roberts SK, Nicoll AJ, Itsiopoulos C, Reddy AR.

Anjana J Reddy was supported by an Australian Government Research Training Program

Scholarship.

Thank you to the following companies for the generous donations for the food hampers provided
to participants on the trial:

- Boundary Bend: Cobram Estate Extra Virgin Olive Oil;

- Heinz: canned tuna and baked beans;

- Simplot: canned tuna and canned lentils and legumes;

- Australian Almond Board: almonds;

- Jalna: yogurt;

- Carman’s: muesli bars.

Individuals who made donations to participants on the trial;

- Professor Catherine Itsiopoulos for donating the Mediterranean Diet Cookbooks.



List of Publications and Conference Abstracts

Publications

Reddy, A. J., George, E. S., Roberts, S. K., & Tierney, A. C. (2019). Effect of dietary intervention,
with or without co-interventions, on inflammatory markers in patients with non-alcoholic fatty liver
disease: a  systematic literature review. Nutrition  Reviews, 77(11), 765-786.

https://doi:10.1093/nutrit/nuz029

George, E. S., Marshall, S., Mayr, H. L., Trakman, G. L., Tatucu-Babet, O. A., Lassemillante, A.
C. M., Bramley, A., Reddy, A. J., Forsyth, A., Tierney, A. C & Thomas, C. J. (2019). The effect
of high-polyphenol extra virgin olive oil on cardiovascular risk factors: A systematic review and
meta-analysis. Critical reviews in food science and nutrition, 59(17), 2772-2795.

https://doi.org/10.1080/10408398.2018.1470491

George, E. S., Roberts, S. K., Nicoll, A. J., Reddy, A. J., Paris, T., Itsiopoulos, C., & Tierney, A.
C. (2018). Non-alcoholic fatty liver disease patients attending two metropolitan hospitals in
Melbourne, Australia: high risk status and low prevalence. Internal medicine journal, 48(11), 1369-

1376. https://doi.org/10.1111/imj.13973

Thesis Publications (preparing for submission)

Reddy, A. J., Tierney, A. C., Roberts, S. K., Nicoll, A. J., Sood, S., Della Gatta, P., Mason, S., &
George, E. S. The effect of a 12-week Mediterranean Diet versus Low-Fat Diet on Inflammation in
patients with Non-Alcoholic Fatty Liver Disease: results of the MEDINA study (Original Article).
Target journal: Nutrients. Impact Factor 4.546

Reddy, A. J., George, E. S., Della Gatta, P., Mason, S., Hebert, J., Shivappa, N., & Tierney, A. C.
Changes in dietary inflammatory index (DII), adiposity and markers of inflammation and fatty liver
disease in patients with Non-Alcoholic Fatty Liver Disease, following an improvement in diet

quality (Original Article). Target journal: Nutrition Research. Impact Factor 2.767

Reddy, A. J., George, E. S., Chan, C. K., & Tierney, A. C. Single nucleotide polymorphisms

(SNPs) related to inflammation and their association with circulating inflammatory markers and



features of NAFLD before and after a dietary intervention to improve diet quality: the MEDINA
study (Original Article). Target Journal: Genes & Nutrition. 2-year Impact Factor 4.258



Published Conference Abstracts

Reddy, A. J., George, E. S., Nicoll, A. J., Sood, S., Ryan, M., Roberts, S. K., & Tierney, A. C.
(2018). Prevalence and associations of Interleukin Variants in patients with Non-Alcoholic Fatty

Liver Disease. Journal of Gastroenterology and Hepatology, Vol. 33, pp. 69-70

Reddy, A. J., George, E. S., Nicoll, A. J., Sood, S., Ryan, M., Roberts, S. K., & Tierney, A. C.
(2017) Prevalence and associations of inflammatory genetic polymorphisms in a Non-Alcoholic
Fatty Liver Disease Cohort. Journal of Gastroenterology and Hepatology, 32(Suppl. 2): 87-115.
https://doi.org/10.1111/jgh.13893. Conference: Gastroenterology Society of Australia (GESA) -
Australian Gastroenterology Week 2017

Reddy A. J., George, E. S., Ryan, M. C., Sood, S., Nicoll, A., Roberts, S. K., & Tierney, A. C.
(2017). Interleukin-6 -174G/C Polymorphism in Non-Alcoholic Fatty Liver Disease Prevalence and
Metabolic Characteristics. Scripta Scientifica Pharmaceutica, 4(1).
http://dx.doi.org/10.14748/ssp.v4i1.4008. Conference: the Annual Nutrigenomics Organisation
(NuGO) Conference Week 2017 in Varna, Bulgaria.

George, E. S., Reddy, A. J., Nicoll, A. J., Sood, S., Ryan, M., Johnson, N. A., ... & Tierney, A. C.
(2018). The effect of a Mediterranean diet and low-fat diet on intrahepatic fat, liver stiffness and
insulin resistance in patients with non-alcoholic fatty liver disease: Preliminary findings from the

MEDINA Trial. Journal of Gastroenterology and Hepatology, Vol. 33, pp. 141-142.

George, E. S., Forsyth, A., Reddy, A. J., Itsiopoulos, C., & Tierney, A. (2018) A Mediterranean
and Low Fat dietary intervention in Non-Alcoholic Fatty Liver Disease patients; Exploring
participant experience and perceptions about dietary change. Nutrition and Dietetics, 75 (Suppl. 1):

28-28. Conference: Dietitians Association of Australia 35th Annual Conference.

Tierney, A. C., George, E., Reddy, A. J., Ryan, M., Sood, S., Nicoll, A., & Roberts, S. (2017).
SUN-LB311: FTO RS9939609 Polymorphism in Non-Alcoholic Fatty Liver Disease — Frequency
and Characteristics of Risk Genotypes. Clinical Nutrition, 36, S169. https://doi.org/10.1016/S0261-
5614(17)30652-0

10



George, E. S., Roberts, S. K., Nicoll, A. J., Reddy, A., Paris, T., Itsiopoulos, C., & Tierney, A. C.
(2017). High-risk status and low prevalence of patients with non-alcoholic fatty liver disease
attending metropolitan liver clinics in Australia. Journal of Gastroenterology and Hepatology, Vol.

32, pp. 92-93.

Other Conference Presentations

Reddy, A. J., George, E. S., Roberts, S. K., & Tierney, A. C. (2019). Effect of dietary intervention,
with or without co-interventions, on inflammatory markers in patients with nonalcoholic fatty liver
disease: a systematic literature review. Dietitians Association of Australia 36" National

Conference, More Than Meets the Eye, 12-14 August 2019, Gold Coast, Australia.

Invited Presentations

Baw Baw Sustainability Network (BBSN), 2019, ‘The Mediterranecan Diet and You’, invited

speaker

11



Table of Contents

1 INErOdUCHION uueeiieineriiinnecsinnicssntncsintecssssnesssssessssssecsssssssssssassssssssssnses 32
1.1 Non-Alcoholic Fatty Liver Disease (NAFLD) ......coooiiiiiiiiiiiiieieeeee e 32
1.1.1 DETINTHON 1.ttt ettt ettt sb et sbe e 32
1.1.2 Overview of the Role of the Liver: Carbohydrate and Lipid Metabolism............... 33
1.1.3 EPIAeMIOLOZY ..ottt ettt sttt ae e 35
1.1.4 Risk Factors and Clinical Features of NAFLD .......ccccoceiiiiiiiininenenceeceeee 38
1.1.5 Common Metabolic Disorders related to NAFLD ........cccccooiiiiiiiiiiiiniieeieeee 41
1.1.1 Clinical PreSentation ..........coeerieieeiereeiiesieete ettt ettt se e see e 44
1.1.2 From NAFLD t0 MAFLD......ccooiiiiieeee ettt 44
1.1.3 Pathogenesis Of NAFLD ......coccooiiiiiiiiie ettt 47
1.1.4 Inflammation and NAFLD .........cccoiiiiiiiiiee ettt 49
1.1.5 Genes influencing inflammation in NAFLD........ccccccoiiiiiiiiiiiieeeeceeeee 54
1.1.6 Assessment and Diagnosis of NAFLD .......cccccccovviviiiiciieciieeeeeeeee e 56
1.1.7 ManagemeENnt SITALEZIES .....cveerveerererrerreeieesieesteesaesresreesseesseesseesseesssesssesssesssesssenns 61
1.2 Habitual Dietary Intakes in NAFLD ........cccccoiiiiiiiiiieeeee ettt 64
1.2.1 Dietary Approaches to the Management of NAFLD .......c.cccccoovveviiiiiiieiieeieeien, 65
1.2.2 The LOW-Fat DIEL......cc.oiiiieiieiieiiecie ettt ettt ettt e eaeens 67
1.2.3 The Mediterranean DIt ...........cecveriiiieeiieiereeeeee ettt e ens 67
1.3 The impact of diet on inflammation in NAFLD ........cccceovviviiiiciieiieieeeeecee e 71

1.3.1 Effect of Dietary Intervention on Inflammatory Markers in patients with NAFLD:
A SyStematic REVIEW ......ccuiiuiiiiiiiiiiiiiiteeseet ettt sttt st et s 72

1.3.2 Update to the Systematic Literature Review: Effect of Dietary Intervention on

Inflammatory Makers in patients with NAFLD .........ccccooiiiiiiiiiiiiiicieeceeeeee e 73
1.3.3 Mediterranean Diet and Inflammatory Status in NAFLD.........ccccccovcivviviiinneennnne 80
1.3.1 Evidence for Gene-Diet Interaction in NAFLD ........ccccoiiiiiniiiieeeeeeeeee 82
1.4  Dietary Inflammatory INAEX..........ccceeeviivriiriiiiiiiiieece ettt sereeveesveens 84



1.4.1 Development and Validation of the DIL..........cccccoveviiiiiiiiiiiiieiececccce e 85

1.4.2 Application of DILin NAFLD........cccoeciiiiiriiriecie ettt 86
1.5 SUMMAry Of ChapLer ©.....c.coviiiiiiieeieeie ettt sere b e e beete et essaessne e 87
1.6 TheSiS Preface .....c.oeeeiiiiieieie ettt et 88
1.7 Thesis Aims and Research QUESHIONS ..........ccocuiiiiiiiiciiieciie e 88
1.8 TRESIS STIUCTUTE. .....eeiuiietiet ettt ettt ettt et ettt et esbeesaeeeteeeeens 89

PN 11 1 11 Yo £ RPN |

2.1 CRAPLET OVEIVIEW ...evvieiieiieeiieeieeteeteeieesteestaesereasseesseesseesseesssessseasseesseesseesssesssesnseesseens 92
2.2 MEDINA Study DeSIZN...cceiivieiieiieiieiieiieeteeieeseeseesaesaessseasseesseeseesssesssesssesssessseens 92
2.3 MEDINA Overall Study ATMS......cccceiiiiiiriiiieeeee ettt s 92
2.4 Participant Eligibility and SCT@ENING ..........cceevuiriiiiiiiiiieiieeieeie ettt 93
2.5 Recruitment and RandomiSation ............cceeeieeiieiiiesiieniente et 94
2.6 Timeline of APPOINIMENLS .......cccueeiiieriiirieiieeie ettt e ete ettt seeesaeesetesaeeeeeeneeens 95
2.7 Dietary INtervention ATINS .........cceeveerierierienieeiieesieesttestesteeteete e seesseesatesseesaeesseeseens 95
2.7.1 Mediterran@an DIet .........cccceiiiuieiieiieeece e 96
2.7.2 LOW-Fat DIEL.....ooiiieieieiieieieeiteteee ettt ettt aesseenseeseennensens 98
2.8 Data Collection and OUtcOmMe MEaSUIES..........c.eecueerieeriierierieeieeieeeeeneeesitesiteseeeeeeneeens 99
2.8.1 Demographic data ..........cecvvieviiiiiiiie ettt reereens 99
2.8.2 Primary Outcomes; Inflammatory Markers .........cccooevvierinieninenniencneiencneens 99
2.8.3 SecONAAry OULCOMES.......cvierrierireiieeieereesieesteestesresreesseasseessaesseesssesssesssesssesssenns 100
2.84 QUESTIONNAIIES.......veeeeeieeeereeeteeeeteeeeteeeeteeeeteeeeaeeeeteeeeaaeeeeteeeeaseeeeseeeesseeeseeeeareeennes 106
2.8.5 Dietary Inflammatory INdeX........c.cooievieiiiiiiiiieieeee e 113
2.9 GONOLYPING..ccutieitieeiieeiiierieteeieesteeseesbeebeesbe e teesseestsessseasseessaesssesssessseassessseesssesssenssensns 114
2,10 Ethics APPrOVAL...ccvcciieiieiieiieiie sttt ettt re s ve e ve et e e e e stbesabeesseessaesseessnessseanns 114
21T SAMPIE SIZE..c..vieiiiiieeiiieiieieeeestt et e e te e b e e e e s te e s besebeesseesbaessaesssessseesseessaesseesssenssennns 114
2,12 Data ANALYSIS ..iciuiiriieeiierierieieesieeseeeteereere e e e steesbesebeesbeesba e raestaesabeerbeeraestaeseaeesreanns 115
2.13  Investigator Involvement in Research Tasks ..........ccccocveevienienienieniecreesieesee e 115
3 Sex and metabolic differences in patients with NAFLD: ................ 118

The MEDINA Study Cohort at Baseline...........cceeueecvuereseecsceecsceecssnneees. 118

3.1 AADSITACT ...eeieieiieeeeeee et ettt e e e e e ettt e e e e e e s e bt e eee e e e e sttt e eeeeesananaaarees 118
32 | FT (e Te 10 Tet5 o) o WU PPRRRTR 119



3.3 IMEEROMS. ...t e e e e e et e e e s e e e e e e eeeeeeeae e areeeeeseaeenneaaeeas 122

3.3.1 StUAY DESIZN.c.ueiiiiieiieiieiieeerte sttt ettt et e st e s e e beesse e seesseessaessnesssessseenseens 122
332 LA T o1 ) w173 - USSP 122
333 Screening and ReCIUITMENT ........ccc.eiiiiiiiiiiiiiieie et 122
334 Data collection and outcome measures asseSSed.........coouererierereenenereeneneeeenne 123
335 Metabolic Syndrome DIiagnosis ........cccceeruierierieeiieieeniterie et 125
3.3.6 Statistical ANALYSIS .....occuieiieiierieiie ettt 125
34 RESUIES ettt b ettt b et 127
341 Demographics of the NAFLD COROTT........cccoiiiiiiiiiiieieieee e 127
34.2 Anthropometry and body COMPOSItION.........c.eecvieriierrieriierierre e e eseeseeeeene e 129
343 Biochemical profile..........ccociviiiiiiiiiiieeee e 131
344 Inflammatory Profile..........ccoviiiiiiiiiiee e 133
345 LAVET OULCOIIIES ...ttt ettt sttt ettt et e et see et est e seene e 133
34.6 Dietary INTAKE ......eeeiieiieietie ettt s 135
3.4.7 Food Group INtake ........cceeviiiiiiiiiiieieciece sttt s 139
34.8 Associations of Anthropometric Measurements and Biochemical Markers with
Inflammatory cytokines and adipokines in @ NAFLD cohort.........ccccoecevvieniiinnienienieeee, 142
349 Associations between Inflammatory Markers at Baseline ............cccccceeveeniennnnne 143

3.4.10  Associations of Nutrients and Food Group Intake with Markers of Inflammation in

A NAFLD CONOTE ...ttt ettt et s et et esseeneeaeeneeneenne 144
3.4.11  Summary of Significant (Positive and Negative) Correlations...........cccceeueeueenee. 146
3.4.12  Multiple Regression ANALYSIS ......ccceecvieerierriereeiieireereesieesieeseesressneeseesseesssesenes 147
3.5 L DT ET3 [ ) o PSSP 153
3.5.1 COMNCIUSION ..ttt ettt et b ettt ebt et s e e e 159

4 The effect of a Mediterranean Diet versus Low-Fat Diet on
Inflammation in patients with Non-Alcoholic Fatty Liver Disease: the

MEDINA Randomised Controlled Trial.......coeeeeeeeceeeeeeeeeecerenecceeeeenees 161

4.1 AADSITACT ...ttt ettt e e e e e et e e e e e e e e s e bt e eeee e e e s aareeeeeeeenanraarees 161



4.2 INETOAUCTION c..ceeiiiiiiiiiieeeeeeeeeeeeeeeeeee ettt ettt et e e e e e e teeeaeeeeesaeeaeesaaeaasaseaesaaeaees 162

4.3 Section One: The effect of a Mediterranean Diet versus a Low-Fat Diet on inflammation

I INAFLD Lottt ettt ettt et et e e st et e s st ene e seeaeenseeseentenseeneensesseensansas 166
43.1 AATIIIS ¢ttt ettt ettt h e h e ettt e h et a e ettt sh et e bt eat et ene et e 166
43.2 HYPOThESES: ...ttt ettt e 167

4.4 Section Two — SUbZroup AnNalySiS:......ceceeiieerieiieniieie ettt 167

Assessing the impact of a dietary intervention and overall improved diet quality in patients

diagnosed with NAFLD and T2DM (N=18). ...cccvveciieiieiieriiesie ettt sve e esve e sneas 167
441 RaAtiONAle: ..o 167
442 AATITIS ¢ttt ettt et e et e e et e e et et e te e st e s e eae e s e st et e teestenteeseentenseeseeneenns 167
443 HyPOTESES: ...ttt b e s eb e e sb e e b e e teessaeeene e 167

4.5 1Y 131 10 e USSP 168
4.5.1 StUAY DESIZN ittt ettt ettt et ettt e st e st saeesnteebeens 168
4.5.2 Participant Screening and ReCruitment...........cceeeviecvierierieneieieeie e see e 168
4.53 ELiGIDility CriteTia ......cueeiuiiieieiiiiieeieeste ettt ettt ettt sttt et e s e s 168
4.5.4 Dietary INtErVENTIONS. ......eevviiiieiieeieesieesteete e ere et eie e aeseresebeesbeesseesseessaessnensns 169
4.5.5 Demographic Data ........cccoviiiiiiiiiiieeee e 170
4.5.6 Anthropometric, Haemodynamic and Body Composition Measures.................... 170
4.5.7 Primary Outcome Measures — Inflammatory Markers..........c.cccceevveeviieneennennnnnn, 171
4.5.8 Secondary OutCOmME MEASUIES ........ccueruterierieerieniieitenieettetenieete st sieete e eee e eaenees 171
4.5.9 Dietary ASSESSIMENL.......ccuverieireireereesieesteeteereereeseeseesseesssessseesseesseesseesseesssensns 172
4.5.10  PREDIMED SCOTE ...c..eoiittiiiiiiinteiieeieeieentte ettt ettt st sttt e 172
4.5.11  Statistical ANalYSIS....cccooveerieririiiierieiee et 173
4512  Power CalCulation .........ceeciiiiieieieieieee et 176
4513 BHRICS ettt bttt 177

O S T 1 ST 177
4.6.1 Population CharaCteriStiCS.......vuiiuiiriierierieiieereereereesieeseeseeereereesseesteessneseneenns 177

4.7  Section One — The effects of a dietary intervention in patients with NAFLD.............. 178



4.7.1 Differences between the MedDiet and LFD intervention groups for Inflammatory

Markers at 12-weeks — end intervention and absolute change data..............ccoevvevvienirenneann. 178

4.7.2 Effects of the Dietary Intervention on Inflammatory Markers— within diet group
effects 179

4.7.3 Differences between the MedDiet and LFD intervention groups for Liver

Outcomes and Biochemistry at 12-weeks — end intervention and absolute change data......179
4.7.4 Effects of the Dietary Intervention on Liver Outcomes and Biochemistry........... 180

4.7.5 Effects of Dietary Intervention on Anthropometry, Body Composition and

Haemodynamic MEASUIES ..........c.eecveerrierierreeieesieesieeseesresreeseeseesseesssesssesssessseesseesseesssennns 186
4.7.6 Effect of the LFD and MedDiet on Nutrient and Food Group Intake................... 191

4.7.7 Dietary intakes in the LFD and MedDiet study arms at end of intervention (12-

weeks) compared to prescribed dietary interVentions ..........c.eecveevveereeereesveerieesieeseesnesenenens 204
4.7.8 COTTRLALIONS ...ttt ettt ettt et e bt et e s bt e st e et e eabeebeesseenaeas 205
4.7.9 DIt QUALIEY ..ottt ettt et e ee e 211
4.7.10  Diet Quality in a NAFLD cohort — pooled analysis...........cccceeeveerreerieereenrennenns 215

4.7.11  Regression analysis: Components of a MedDiet pattern with inflammatory markers

220

4.7.12  Regression analysis: liver outcomes, biochemistry, anthropometry, and body

composition with inflammatory MAarkers ...........c.ccvevierieriieniieiieere et ere e eeeeseee e 226

4.8 Section Two — Assessing the impact of a dietary intervention and overall improved diet

quality in patients diagnosed with NAFLD and T2DM — Subgroup Analysis ......c..cccccveeueenee. 233

4.8.1 The effect of a LFD vs a MedDiet within the NAFLD Type 2 Diabetes Cohort..233

4.8.2 Population CharacteriStiCs.........eeuerierierererienierteieeitete ettt 233
4.8.3 Inflammatory MArKers .........ccccueviiiiiieiiecieeie ettt 233
4.8.4 THL and LSM . ..ottt sttt 234
4.8.5 Blood Biomarkers ........cceeieriiriiiiiriieieieni ettt 234
4.8.6 Anthropometry and Body CompoSItion ...........c.cccuvevveeviereeieeeieeieesieeseesire v e 235
4.8.7 Adherence to a Mediterranean Diet ...........ccocceririeiinieienieee e 235

4.8.8 Analysis of Diabetes Status in the Pooled Patient Cohort, Irrespective of Diet
(€1 (010 oI AN A (oo 1501 o HO USSR 240



4.9 DASCUSSION ....eiieiieciie et eeiee ettt et e et e e et ee e tee e tbeeesbeeesebeeessaeesseeasseeensseessseeessseessseesnseen 245
4.10 Linking chapter 4 and 5 ........cccooiiiiiiiiieiie et s re e s ar e s ere e 256

5 Dietary Inflammatory Index, Diet Quality and Markers of

Inflammation in patients with Non-Alcoholic Fatty Liver Disease

following a 12-week Dietary INntervention. .........cccceeeeecccsccnnreccsssnsssccsnns 258
5.1 F N 111 2T OSSR 258
5.2 INEEOAUCTION ...ttt ettt ettt et be e bt e saeas 259
53 IMEENOMS. .. ettt et ettt b e bt st st e et et e b e saeeeate e 261

5.3.1 Study Design and PartiCipants ............ccceevvereerieriescieecreeieeseeseeseeseeeseeseesseens 261
532 Dietary INterventions. .......coviiriiiiieiieeet ettt 262
5.33 Primary Outcome Measures — Dietary Inflammatory Index (DII®)..................... 263
534 Secondary OUtCOME MEASUIES ........cccveerveeriieriieriierieereereeseeseesseesseessessseesseesseens 264
5.3.5 Statistical ANALYSIS ... .cccuierierierierie ettt ettt st sttt 266
54 RESUIES ottt ettt ettt et a et 267
54.1 DII score of the NAFLD CONOIt......c.cociiiiiiiiiiiieiieieeeeee et 267
54.2 DII and Dietary Intake in a NAFLD COROTt .......cccoeiieiiiiiiiiiiieeceeeeee e 270
543 DII and Diet Quality (Adherence to the MedDiet) .........ccevvveieecieenieeneenie e, 272
54.4 Components of a MedDiet and DIL........cccoceiiiiinininiininiininneceeeeeee 273
54.5 DII and inflammatory markers and clinical characteristics ............cccceevveriverennnne. 277
5.5 DASCUSSION ...ttt et ettt et et e et e et e bt e saeesateenteeateenteesseesneesnsennns 279
5.6 Linking chapter 5 and 6 ........cccooieiieiieiiiee et 287

6 Single Nucleotide Polymorphisms in Inflammatory Genes may
modify disease-risk and interact with nutrients to modulate serum

cytokine levels in patients with NAFLD ...........ccciiiiivnicncceicnccneccscnnneee 288

6.1 ADSITACE ...ttt ettt b et h et b et h et be et enees 288
6.2 INIOAUCHION .. .euiiiiiieiee ettt sttt ettt et be e nees 289
0.3 MEEROAS. .ttt ettt 293
6.3.1 Study Design and PartiCiPants ..........c..cceeveerieniesirescreereereesieeseeseesneereesveesseens 293
6.3.2 Diagnosis of Type 2 Diabetes Mellitus and the Metabolic Syndrome.................. 294



6.3.3 Dietary Intervention and TImMEPOINES ........cccueeeruvrercrieeiieeriieeiee e e e e eeeeeeeree e 294

6.3.4 GONOLYPINIZ . cc.vveereeeieeieeieesitestesteereebeesseesseessaesssessseasseesseesaesseesssessseanseenseesseessees 295
6.3.5 StUAY OULCOIMES ....oeevieeiieiieiieriiesee et ere et esteeseeseresssessseesseesseesseesssesssesssesssesssenns 296
6.3.6 StatiStical ANALYSIS ....veevieriiereiertie ettt 297
0.4 RESUIS .c.oouiiii e 301

6.4.1 Genotype and allele frequency of SNPs CRP +1846C/T, IL-6 -174G/C, TNF-a. -
308A/G and adiponectin +276G/T in @ NAFLD COROIt ........coevviiiiiiieiieeieeciee e 301

6.4.2 Baseline characteristics of the study population according to genotype of SNPs

CRP +1846C/T, IL-6 -174G/C, TNF-a -308A/G and adiponectin +276G/T ..........ccccueue... 302

6.4.3 Associations between gene variants with risk factors of the Metabolic Syndrome
303

6.4.4 Associations between gene variants with Type 2 Diabetes Mellitus .................... 304

6.4.5 Differences in inflammatory, biochemistry and haemodynamic markers, liver

outcomes, and anthropometric and body composition variables across the genotypes at

baseline and post 12-week dietary Intervention ...........ceccveecveeriiereeriereenreeieesieeseeseneseve e 305
6.4.6 The influence of inflammatory gene variants’ on circulating inflammatory markers
1N 8 NAFLD COROTT ..ottt sttt et ettt et ebeesaeesaeas 311
6.4.7 Genotype Nutrient INtEractions ..........cvevveeriereeiienireerieesreeseesresreereereesseessaesenes 315
6.4.8 Dietary Adherence: Genotype x MedDiet Interactions..........c.ccoceevevereenieneenene 319
LT T B T(o0 1L U ) TP 322

T DISCUSSION «eeveeereeeereenneeceeeeeeseccesesssescsssssssssssssssssssssssssssssssssssssssssssssssssassee I 28

7.1 KEY FINAINZS ...ttt ettt sttt e ete e te e saeesneesnne e 328
7.2 Strengths and LImitations .........ccceierieriiiiniiniieeeecreetese et 336
7.3 Future Recommendations and Implications..........cccceeeeerveeriierrieneenienie e 339
T4 CONCIUSION ..ttt ettt ettt sa e sttt ene e 341

18



List of Figures

Chapter 1

Figure 1.1

Figure 1.2

Figure 1.3

Figure 1.4

Figure 1.5

Figure 1.6

Figure 1.8

Chapter 2

Figure 2.1

Figure 2.2.
Figure 2.3
Figure 2.4

Figure 2.5

Model illustrating (A) normal response of the liver to a glucose load and (B)
selective insulin resistance in liver with type 2 diabetes mellitus. Adapted from

Brown and Goldstein (2008).
MAFLD: an ‘old’ new disease. Adapted from Tilg and Effenberger (2020).

The Multiple Hit Hypothesis for the development of NAFLD. Adapted from
Buzzetti et al. 2016.

Secretion of inflammatory adipokines from enlarged adipose tissue in an obese state.

Adapted from Jung and Choi (2014).

Proposed anti-inflammatory mechanisms of the Mediterranean diet and resultant
benefit for NAFLD and other cardiometabolic diseases. Adapted from Mirmiran
et al. (2017) and Esposito et al. (2017)

Nutrigenomics and Nutrigenetics are resulted from genes and nutrients

interaction. Adapted from Farhud, Yeganeh and Yeganeh (2010).

A summary of the structure of this doctoral thesis and an outline of the key

components of each research chapter

The Mediterranean Diet hamper provided to participants in the MedDiet

intervention group at baseline and mid-intervention timepoints

Example of the Frankfurt Plane for measurement of height using a stadiometer
Example of measurement protocol for waist circumference

Example of measurement location for neck circumference

Summary of participant face to face appointment at baseline, 6-weeks, and 12-
weeks. Reprinted with permission from George, E. S. (2017). A Mediterranean diet for

the management of non-alcoholic fatty liver disease (Doctoral thesis, La Trobe

University, Melbourne, Australia). Retrieved from http://hdl handle.net/1959.9/564467

19



Chapter 4

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Chapter 5

Figure 5.1

Figure 5.2

Chapter 6

Figure 6.1

Study patient flow chart for the MEDINA Study. Summary of participant
recruitment and number of participants whose data was collected at each

timepoints

PREDIMED Checklist Scores for adherence to a LFD and adherence to a
MedDiet,

at baseline and end intervention time points

PREDIMED Scores for adherence to a Mediterranean Diet within the LFD and

MedDiet groups at baseline and end-intervention

Individual components of the PREDIMED Checklist for Mediterranean Diet

adherence in the LFD group at baseline and end-intervention

Individual components of the PREDIMED Checklist for Mediterranean Diet

adherence in the MedDiet group at baseline and end-intervention

PREDIMED Scores of Mediterranean Diet adherence for the entire cohort of

MEDINA participants at baseline and end-intervention

Individual components of the PREDIMED Checklist for Mediterranean Diet

adherence in the overall NAFLD cohort at baseline and end-intervention

Study flow diagram of the pooled cohort of MEDINA participants, distribution
categorised by anti-inflammatory (<0.00) versus pro-inflammatory (>0.00) DII

score at study timepoints and comparison of diet study groups

The DII score of participants classified as adhering versus not adhering to

individual components of a MedDiet, based on the PREDIMED checklist

Frequency of genotypes of common single nucleotide polymorphisms (SNPs)
CRP +1846C/T (rs1205), IL-6 -174G/C (rs1800795), TNF-a -308A/G
(rs1800629) and adiponectin +276G/T (rs1501299)

is

20



Figure 6.2

Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

Figure 6.7

Figure 6.8

Figure 6.9

Figure 6.10

Figure 6.11

Effect of the TNF-a -308 A/G single nucleotide polymorphism and energy intake
(kJ) on change in tumor necrosis factor-alpha (TNF-a) concentration between

baseline and end of diet intervention

Effect of the TNF-a -308 A/G single nucleotide polymorphism and protein intake
on change in tumor necrosis factor-alpha (TNF-a) concentration between baseline

and end of diet intervention

Effect of the TNF-a -308 A/G single nucleotide polymorphism and carbohydrate
intake on change in tumor necrosis factor-alpha (TNF-a) concentration between

baseline and end of diet intervention

Effect of the TNF-a -308 A/G single nucleotide polymorphism and total sugar
intake on change in tumor necrosis factor-alpha (TNF-a) concentration between

baseline and end of diet interventions

Effect of the TNF-a -308 A/G single nucleotide polymorphism and
monounsaturated fatty acid intake on change in tumor necrosis factor-alpha

(TNF-a)) concentration between baseline and end of diet intervention

Effect of the TNF-a -308 A/G single nucleotide polymorphism and fat intake on
change in tumor necrosis factor-alpha (TNF-a)) concentration between baseline

and end of diet intervention

Effect of the CRP +1846C/T single nucleotide polymorphism and adherence to
the Mediterranean Diet on change in high-sensitivity C-reactive protein (hs-CRP)

concentration between baseline and end of diet intervention

Effect of the TNF-a -308 A/G single nucleotide polymorphism and adherence to
the Mediterranean Diet on change in tumor necrosis factor-alpha (TNF-a)

concentration between baseline and end of diet intervention

Effect of the IL-6 -174G/C single nucleotide polymorphism and adherence to the
Mediterranean Diet on change in interleukin-6 (IL-6) concentration between

baseline and end of diet intervention

Effect of the adiponectin +276G/T single nucleotide polymorphism and
adherence to the Mediterranean Diet on change in adiponectin concentration

between baseline and end of diet intervention

21



List of Tables

Chapter 1

Table 1.1

Table 1.2

Chapter 2
Table 2.1

Table 2.2

Table 2.3

Table 2.4

Table 2.5

Chapter 3
Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Characteristics of studies included for the updated systematic review
investigating the effects of dietary intervention(s), with or without co-
intervention, on inflammatory markers in adults with non-alcoholic fatty liver

disease

Dietary intervention protocol data extracted from each study included in the

update to systematic review

The MEDINA Study Eligibility Criteria

Nutrient composition of the Australian Mediterranean Diet.

Adapted from George et al. 2018."

Summary of data collected at MEDINA Study appointments during the 12-week

intervention

Summary of the pathology markers measured with corresponding normal

reference ranges

Overview of research tasks related to this thesis and involvement of the Candidate

and other investigators

Demographics of a NAFLD cohort (n=42)

Baseline anthropometry and body composition characteristics of the NAFLD

cohort, split by gender or presence of metabolic syndrome (MetS)

Baseline biochemistry characteristics of the NAFLD cohort, split by gender or

presence of metabolic syndrome (MetS)

Baseline cytokine and adipokine profile of the NAFLD cohort, split by gender or

presence of metabolic syndrome (MetS)

Baseline liver fat and stiffness measurements of the NAFLD cohort, split by

gender or presence of metabolic syndrome (MetS)

22



Table 3.6

Table 3.7

Table 3.8
Table 3.9

Table 3.10

Table 3.11
Table 3.12
Table 3.13
Table 3.14
Table 3.15

Table 3.16

Chapter 4

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Baseline dietary intake of the NAFLD cohort, split by gender or presence of
metabolic syndrome (MetS)

Baseline food group intake of the NAFLD cohort, split by gender or presence of
metabolic syndrome (MetS)

Correlations between anthropometric and biochemical variables at baseline
Correlations between inflammatory markers at baseline

Correlations between Nutrient and Food Group Intake with Markers of

Inflammation at baseline

Multiple linear regression model for the outcome variable hs-CRP at baseline
Multiple linear regression model for the outcome variable TNF-a at baseline
Multiple linear regression model for the outcome variable IL-6 at baseline
Multiple linear regression model for the outcome variable Adiponectin at baseline
Multiple linear regression model for the outcome variable Resistin at baseline

Multiple linear regression model for the outcome variable Leptin at baseline

Inflammatory cytokine and adipokine markers and liver outcomes at baseline and

12-week timepoints in the overall cohort and within the LFD and MedDiet groups

HOMA-IR and biochemical measures at baseline, 6-week and 12-week

timepoints in the overall cohort and within the LFD and MedDiet groups

Anthropometry, body composition and haemodynamic measures at baseline, 6-
week and 12-week timepoints in the overall cohort and within the LFD and

MedDiet groups

Nutrient intake variables at baseline, 6-week and 12-week timepoints in the

overall cohort and within the LFD and MedDiet groups

Mean food group intake at baseline, 6-week and 12-week timepoints in the

overall cohort and within the LFD and MedDiet groups

Daily nutrient intake profile of the prescribed Mediterranean Diet and actual
nutrient intake of participants in the MedDiet arm of the MEDINA Study at 12-

weeks

23



Table 4.7

Table 4.8

Table 4.9

Table 4.10

Table 4.11

Table 4.12

Table 4.13

Table 4.14

Table 4.15

Table 4.16

Table 4.17

Table 4.18

Table 4.19

Table 4.20

Partial correlations between inflammatory markers with liver, biochemical,
anthropometric and body composition variables in each diet group at end

intervention, values adjusted for mean weight-loss

Partial correlations between inflammatory markers with nutrient and food group
intake in each diet group at end intervention, values adjusted for mean weight-

loss

Mean values of inflammatory markers and key liver, metabolic and
anthropometric measures for the entire MEDINA cohort at end-intervention,

according to level of adherence to a MedDiet (PREDIMED scores)

Partial correlations between inflammatory markers with nutrients and food groups
in a Mediterranean-style dietary pattern (isolated dietary intake components of the

PREDIMED checklist), with values adjusted for baseline inflammatory marker

Multiple linear regression model for components of a MedDiet pattern with

outcome variable hs-CRP at the end-intervention

Multiple linear regression model for components of a MedDiet pattern with

outcome variable IL-6 at end-intervention

Multiple linear regression model for components of a MedDiet pattern with

outcome variable Leptin at end-intervention

Partial correlations between inflammatory markers, anthropometric and

biochemical variables at end intervention, values adjusted for mean weight-loss

Partial correlations between inflammatory markers, nutrient and dietary food

group variables at end intervention, values adjusted for mean weight-loss

Multiple linear regression model for liver outcomes, biochemistry, anthropometry

and body composition with outcome variable hs-CRP at the end-intervention

Multiple linear regression model for liver outcomes, biochemistry, anthropometry

and body composition with outcome variable TNF-a at the end-intervention

Multiple linear regression model for liver outcomes, biochemistry, anthropometry

and body composition with outcome variable IL-67 at the end-intervention

Multiple linear regression model for liver outcomes, biochemistry, anthropometry
and body composition with outcome variable Adiponectint at the end-

intervention

Multiple linear regression model for liver outcomes, biochemistry, anthropometry

and body composition with outcome variable Leptin at the end-intervention
24



Table 4.21

Table 4.22

Table 4.23

Chapter 5

Table 5.1

Table 5.2

Table 5.3

Table 5.4

Table 5.5

Table 5.6

Table 5.7

Chapter 6
Table 6.1

Table 6.2

Multiple linear regression model for liver outcomes, biochemistry, anthropometry

and body composition with outcome variable Resistin at the end-intervention

Mean values for inflammatory markers, liver outcomes and key biochemical,
anthropometric and body composition variables at baseline and end-intervention
timepoints, by dietary intervention arm (LFD vs. MedDiet) and diagnosis of

T2DM

Mean values for inflammatory markers, liver outcomes and key biochemical,
anthropometric and body composition variables at baseline and end-intervention

timepoints, categorised diagnosis of T2DM

Baseline to 12-week change in PREDIMED scores for MedDiet adherence and

nutrient and food group intake across change in DII groups

Partial correlations between change in DII and nutrient and food group (change)

variables, values adjusted for baseline nutrient/food group variable

Levels of dietary adherence (based on the PREDIMED score) at baseline and end

intervention timepoints and associated mean DII score

Mean change in DII of participants adhering and not adhering to individual

components of the PREDIMED Checklist at 12-weeks

Dietary Inflammatory Index scores of participants adhering versus not adhering to

individual components of the PREDIMED Checklist baseline and 12-weeks

Baseline to 12-week change in inflammatory markers, liver outcomes,

biochemistry and clinical characteristics across change in DII groups

Partial correlations between DII score at the end of intervention with
inflammatory markers, liver outcomes, biochemistry and clinical characteristics at

the end of intervention, values adjusted for change in energy intake (kJ)

Candidate SNPs and their descriptions

Allele and genotype count and frequency for CRP +1846, IL-6 -174, TNF-a -308,

and adiponectin +276 gene variants

25



Table 6.3
genotypes

Table 6.4

Table 6.5

Table 6.6

Table 6.7

Table 6.8

Table 6.9

Table 6.10

Baseline characteristics of the NAFLD cohort, split by candidate SNPs and

Association of IL-6 -174 polymorphism with the likelihood of having the
Metabolic Syndrome in patients with NAFLD

Association of adiponectin +276 polymorphism with type 2 diabetes mellitus in
patients with NAFLD

Circulating inflammatory markers, liver outcomes, biochemistry and
anthropometry at baseline and after 12-weeks of dietary intervention according to

CRP +1846C/T genotype

Circulating inflammatory markers, liver outcomes, biochemistry and
anthropometry at baseline and after 12-weeks of dietary intervention according to

IL-6 -174G/C genotype

Circulating inflammatory markers, liver outcomes, biochemistry and
anthropometry at baseline and after 12-weeks of dietary intervention according to

TNF-a -308A/G genotype

Circulating inflammatory markers, liver outcomes, biochemistry and
anthropometry at baseline and after 12-weeks of dietary intervention according to

adiponectin +276G/T genotype

Multiple linear regression models for the outcome variables of inflammatory

markers hs-CRP, IL-6, TNF-a and adiponectin

26



List of Appendices

Appendix 1

Appendix 2

Appendix 3

3.1
3.2
3.3
3.4
3.5

Appendix 4
Appendix 5
Appendix 6
6.1
6.2
6.3
Appendix 7
Appendix 8
8.1
8.2
8.3
8.4
Appendix 9
Appendix 10

Appendix 11

Published manuscript and supplementary materials published in association to the

article

Food parameters included in the dietary inflammatory index, inflammatory effect
scores, and intake values from the global composite data set; Dietary

Inflammatory Index Development Study, Columbia, SC, USA, 2011-2012

Participant Information Consent Form (PICF) and Common Research

Forms (CRF’s)

PICF

Screening Form

Personal Information Form
Anthropometry Form

Dietary consultation form

Mediterranean Dietary Intervention Resources

Alfred Pathology

Questionnaires

3-day food diary

PREDIMED Checklist for the Mediterranean Diet
PREDIMED Checklist for the Low-Fat Diet

The serve sizes for the Xyris, Foodworks, Food Groups
Ethics Approval Certificates

La Trobe University

Alfred Health

Eastern Health

Melbourne Health

Power calculations for inflammatory markers (Chapter 4)
Consort Checklist

Supplementary Materials

27



Supplementary Table 1. Associations of Anthropometric Measurements and Biochemical

Markers with Inflammatory cytokines and adipokines in a NAFLD cohort

Supplementary Table 2. Associations of Nutrients and Food Group Intake with Markers of
Inflammation in a NAFLD cohort

Supplementary Table 3. Effects of Dietary Intervention on Anthropometry, Body Composition

and Haemodynamic measures
Supplementary Table 4. Effects of Dietary Intervention on Nutrient and Food Group Intake

Supplementary Table 5. Correlation coefficients between inflammatory markers and other

inflammatory markers at the end-intervention timepoint

Supplementary Table 6. Correlation coefficients for primary inflammatory outcomes and

nutrient and dietary food group intake, at the end-intervention timepoint, non-significant variables

Supplementary Material 7. Point-biserial correlations between body mass index with IL-6 -174

genotypes at end intervention

Supplementary Table 8. Point-biserial correlations between variables at each timepoint with

TNF-a -308 genotypes

28



List of Abbreviations

APD
ALT
ALP
AST
BIA
BMI
BP
CHD
CHO
CRF
CVD
DBP
DEXA
DII
DHA
DNA
DNL
EPA
EVOO
FAs
Fox01
GGT
Go6P
GWAS
HbAlc
HCC
HDL
HOMA-IR
'H-MRS
hs-CRP

IHL

Accredited Practicing Dietitian
Alanine aminotransferase

Alkaline phosphatase

Aspartate aminotransferase
Bioelectrical Impendence Analysis
Bod Mass Index

Blood Pressure

Coronary Heart Disease
Carbohydrate

Common Research Forms
Cardiovascular Disease

Diastolic Blood Pressure

Dual Energy X-ray Absorptiometry
Dietary Inflammatory Index
Docosahexaenoic Acid
Deoxyribonucleic Acid

De Novo Lipogenesis
Eicosapentaenoic Acid

Extra Virgin Olive Oil

Fatty Acids

Forkhead box protein O1
Gamma-Glutamyl Transferase
Glucose 6-Phosphatase
Genome-Wide Association Studies
glycosolated haemoglobin
Hepatocellular Carcinoma

High Density Lipoprotein
Homeostasis Model Assessment of Insulin Resistance
proton magnetic resonance spectroscopy
high sensitive C-Reactive Protein

Intrahepatic Lipid

29



IL-6
IR
LCN3s
LDL
LFD
LSM

MEDINA

MedDiet
MetS
MRI
MRS
MUFA
n-3
NAFLD
NASH
NHMRC
PICF
PNPLA3
PREDIMED
PUFA
RCT
SBP
SFA
SNP
SPSS
SREBP
T2DM
TC

TE

TG

TNF-a

Interleukin-6

Insulin Resistance

Long Chain Omega 3 Fatty Acids

Low Density Lipoprotein

Low Fat Diet

Liver Stiffness Measure

Mediterranean Dietary Intervention for patients with Non-alcoholic fatty liver
disease study

Mediterranean diet

the Metabolic Syndrome

Magnetic Resonance Imaging

Magnetic Resonance Spectroscopy
Monounsaturated Fatty Acids

Omega-3 Fatty Acids

Non-Alcoholic Fatty Liver Disease
Non-Alcoholic Steatohepatitis

National Health and Medical Research Council
Patient Information and Consent Form
Patatin-like phospholipase domain-containing protein
Prevencion con Dieta Mediterranea
Polyunsaturated Fatty Acids

Randomised Controlled Trial

Systolic Blood pressure

Saturated Fatty Acids

Single Nucleotide Polymorphism
Statistical Package for the Social Sciences
Sterol-Regulatory-Element Binding Protein
Type 2 Diabetes Mellitus

Total Cholesterol

Transient Elastography

Triglycerides

Tumor Necrosis Factor-Alpha

30



VF
vLDL

WHO

Visceral Fat
very Low Density Lipoprotein

World health organisation

31



1 Introduction

1.1 Non-Alcoholic Fatty Liver Disease (NAFLD)
1.1.1 Definition

Non-alcoholic fatty liver disease (NAFLD) is defined as the accumulation of hepatic triglycerides
exceeding 5% of liver weight, in the absence of excess alcohol intake or additional aetiologies of
liver disease including but not limited to; hepatitis B or hepatitis C, autoimmune hepatitis (AIH),
primary sclerosing cholangitis (PSC), primary biliary cirrhosis (PBC), genetic diseases
(haemochromatosis, Wilsons disease, alpha-1 anti-trypsin (A1AT)) and drug-induced liver disease.
While the preliminary form of NAFLD as simple steatosis may remain uncomplicated, 30-40% of
people with steatosis will develop non-alcoholic steatohepatitis (NASH)? which encompasses
hepatocellular damage and lobular necroinflammation, with or without fibrosis, and further
cirrhosis.* * Further to this, the clinical implications of NAFLD involve its potential to progress to

advanced liver disease, hepatocellular carcinoma (HCC) and liver failure.’

The first step in the development of NAFLD is represented by the accumulation of fat in the liver,
or more specifically intrahepatic lipid (IHL) content above 5%.° Often the only laboratory
abnormality found in patients with NAFLD is mild to moderately elevated levels of serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT), or both.> While these liver enzymes are
commonly used as an indication of abnormal liver function, the normal ratio of AST to ALT
increases as fibrosis advances leading to a loss of diagnostic accuracy in patients with more
advanced/cirrhotic NAFLD.” Serum alkaline phosphatase (ALP) and gamma-glutamyl transferase
(GGT) are above the normal range in NAFLD, though the degree of elevation is less than those
with alcoholic liver disease.® Hypoalbuminemia and hyperbilirubinemia may be found in patients
with cirrhotic NAFLD, while approximately half of patients have elevated serum ferritin and 6-
11% of patients have increased transferrin saturation.>” It is recognised that cryptogenic cirrhosis
shares many of the same clinical features as NAFLD, and a high proportion of patients previously
diagnosed with cryptogenic cirrhosis in fact had unrecognized NAFLD.’ Liver enzymes are used as
a non-invasive means of screening for patients with NAFLD, however they lack the specificity and

sensitivity to diagnose NAFLD or NASH and stage of severity.'°

Alcohol consumption history must be obtained accurately and comprehensively in order to ensure
the correct diagnosis is made between NAFLD and alcoholic liver disease, as the difference cannot
be distinguished through imaging and histological assessment.!! The American Association for the
Study of Liver Diseases has previously defined an acceptable alcohol limit as <20 g of ethanol /day
for females and <30 g of ethanol /day for males.!? Liver biopsies remain the gold-standard technique
to assess liver histology, including steatosis, mixed inflammatory-cell infiltration, hepatocyte

ballooning and necrosis, glycogen nuclei, Mallory’s hyaline and fibrosis.
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1.1.2  Overview of the Role of the Liver: Carbohydrate and Lipid Metabolism

The liver plays a prominent role in the regulation and metabolism of carbohydrates, lipids and
proteins. The metabolism of these products are required for numerous biochemical functions and

whole-body homeostasis, and allow the liver to produce substrates, hormones and nutrients. 3

The liver also plays an important role in the storage of glucose following eating and the breakdown
of stored glycogen released as glucose into the blood stream during fasting. Upon ingestion, glucose
is transported to the liver via the hepatic portal vein and hepatocyte membrane through glucose
transporters (specifically glucose transporter 2). Glucose is taken up and phosphorylated in the
hepatocyte by the enzyme glucokinase to form glucose-6-phosphate (G6P). One pathway for the
synthesised G6P is that of glycogen synthesis, activated in the liver following secretion of insulin
by the pancreas and intestinal glucose supplied by the hepatic portal vein.'* Glycogen synthesis is
stimulated by insulin and glucose when they activate main regulatory enzyme, glycogen synthase
and block the enzyme glycogen phosphorylase in order to supress glycogen breakdown. These
mechanisms will result in glycogen storage in the liver. Under fasting conditions, glycogen stored
in the liver will be broken down and released into the bloodstream as glucose in response to a low
blood glucose concentration. Whereas in diabetes, fasting hyperglycaemia occurs via endogenous
glucose production due to insulin resistance (IR) and postprandial hyperglycaemia resulting from
the inability to store glucose as glycogen after a meal.'> It is estimated that approximately 80% of
individuals with diabetes have excess accumulation of glycogen in the liver, and 40-70% of these

people also have hepatic fat accumulation.'

When excess amounts of fat are transported to the liver, elevated hepatic synthesis, reduced
oxidation, and limited excretion of fat results in the accumulation and storage of hepatic
triglyceride.!” Metabolic dyslipidaemia is defined as circulating triglycerides being elevated above
1.7 mmol/L and low high-density lipoprotein (HDL) cholesterol (below 1.03 mmol/L in men and
below 1.29 mmol/L in women).'® Metabolic dyslipidaemia often occurs alongside hepatic steatosis
and increased hepatic lipogenesis triggers the aforementioned outcomes. In obese and insulin
resistant mice, it has been shown that insulin continues to stimulate lipogenesis while failing to
suppress gluconeogenesis.!” The mechanism by which the pathogenesis of fatty liver and
hypertriglyceridemia occurs in these mice is suggested to be a selective post receptor defect in
hepatic insulin action.!” In humans, IR coincides with impaired muscle glycogen synthesis resulting
in larger proportions of ingested energy being diverted to hepatic de novo lipogenesis (DNL) and
increases in plasma triglyceride concentrations. This is accompanied by increases in triglyceride
synthesis, decreased levels of HDL cholesterol and increased production of very low density
lipoprotein (vLDL) cholesterol.?’ For individuals with insulin resistance it is these predisposing

factors that contribute to the development of NAFLD and risk of CVD.
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Under normal conditions, ingestion of dietary glucose stimulates insulin secretion from the pancreas
(Figure 1.1A). The insulin travels to the liver via the portal vein where it will produce two key
actions at the gene transcription level. In the first process, insulin stimulates phosphorylation of
transcription factor fork head box protein Ol (FoxOl), which activates gluconeogenesis.
Phosphorylation of Fox01 stimulated by insulin presents the transcription factor from entering the
nucleus, thus downregulating genes which are required for gluconeogenesis, particularly
phosphoenolpyruvate carboxykinase and G6P.2! The outcome of this pathway is reduced hepatic
glucose output, which assists the maintenance of low blood glucose concentrations. In the second
process, the sterol regulatory element-binding transcription factor 1 (SREBP-1c) is activated by
insulin which increases transcription of genes including acetylcoenzyme A carboxylase and fatty
acid synthase. These two genes are required for fatty acid and triglyceride biosynthesis.
Triglycerides produced are secreted in vVLDL which delivers the triglyceride to adipose tissue to be
stored and skeletal muscle for combustion. In adipose tissue, insulin enables the uptake of vLDL-
derived fatty acids and improves the quantity of lipoprotein lipase on the surface of endothelial
cells.?! These typical conditions are compromised in individuals who are obese, insulin resistant or
have type 2 diabetes mellitus (T2DM). In individuals with NASH, Fox0l determines the
gluconeogenic capacity of the liver, in that increases in expression and transcription may emphasise
inflammation and disrupt lipid metabolism, dysregulating hepatic gluconeogenesis and contributing

to long-term effects observed in pathological states.?

In individuals with compromised insulin signalling, such as those with T2DM, IR is induced via
the Fox0l pathway in the liver and despite the very high insulin levels, mRNAs for
phosphoenolpyruvate carboxykinase and G6P remain high and gluconeogenesis continues.?” The
SREBP-1c pathway maintains insulin sensitivity and elevated levels of nuclear SREBP-1c therefore
enhance fatty acid synthesis causing excess triglycerides to accumulate in the liver. Excess
triglycerides are secreted in vLDL, raising plasma triglyceride concentrations and increasing fatty
acid deposits in the liver, muscle and adipose tissue.!” These processes are shown in Figure 1.1B.
This cascade of effects will worsen an insulin-resistant state and the total result is the classic T2DM
triad, also the key components of the Metabolic Syndrome (MetS); hyperglycaemia,

hyperinsulinemia and hypertriglyceridemia.
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Figure 1.1. Model illustrating (A) normal response of the liver to a glucose load and (B) selective insulin
resistance in liver with type 2 diabetes mellitus. Adapted from Brown and Goldstein (2008,

1.1.3 Epidemiology

1.1.3.1 Prevalence of NAFLD

NAFLD is now recognised as the leading cause of chronic end-stage liver disease in the Western

world, with prevalence rates quickly rising in developing countries.”® Currently, the global
prevalence estimate of NAFLD in adults is 25% (95% CI, 22.10-28.65) and its subtype, NASH

affects up to 5% (95% CI, 1.5-6.45) of the population.”* > Global epidemiology reports show that
rates of NAFLD are most prevalent in the Middle East (32%), South America (31%), Australia
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(30%), Asia (27%), the United States (US)(24%) and Europe (23%).2> Whereas, NAFLD is less
common in Africa (14%) 2 or rural India (9%).?” Consdiering the asymptomatic nature of NAFLD
and diagnostic challenges, these rates are likely to be an underestimate. Researchers have estimated
that more than 80 million indiviuals in the US and 52 million indiviuals in European countries are
affected by NAFLD.?* 28 In 2013, an executive and economic summary reported that NAFLD was
the most prevalent liver disease in Australia affecting up to 5.5 million Australians, including 40%
of the adult population over 50 years old.?’ This report stated that NAFLD was the second leading
cause of mortality by liver disease in Australia, an estimated 2,264 deaths in total.>” In more recent
report published in 2020, the burden of NAFLD in Australia was projected to increase by 25% (5.5
million cases to 7.0 million cases) by 2030. Incidentally, NAFLD-related liver deaths were
estimated to increase by 85% (1,900 deaths to 3,500 deaths) by 2030.%°

1.1.3.2 Prevalence of Non-Obese and Lean NAFLD

Since the identification of the “metabolically unhealthy lean” phenotype, increasing recognition of
“lean” or “non-obese” NAFLD has developed in individuals whose BMI, by classification of the
World Health Organisation criteria, is non-obese.’! Lean NAFLD, first recognised in Asian
populations, encompasses hepatic steatosis and a metabolically unhealthy state with visceral
obesity, in the absence of systemic obesity. In 2020, a systematic review and meta-analysis of 33
observational studies from 14 countries with a total of 205,307 individuals found that the global
prevalence estimate of lean NAFLD in the overall population was 4.1% (95% CI, 3.4-4.8%), while
the global prevalence of NAFLD in the lean population was 9.7% (95% CI, 7.7-11.8%).% Asia had
the highest prevalance of lean NAFLD (4.8%, 95% ClI, 4.0-5.6%), followed by North America
(3.1%, 95% CI, 2.3-3.8%), Oceania (3.5%, 95% CI, 3.1-3.8%) and Europe (2.2%, 95% CI, 0.2-
4.2%). Moreover, the global prevalence of metabolic comorbidities in lean NAFLD was 0.6% (95%
ClI, 0.4-0.9%) for T2DM, 1.4% (95% CI, 1.0-1.9%) for the metabolic syndrome, 2.8% (95% ClI,
1.9-3.7%) for dyslipidemia and 2% (95% CI, 1.6-2.4%) for central obesity.** These results indicate
an increase in the prevalence of lean NAFLD, particularly in Asian and Western countries,*® higher
in lean individuals with coextisting metablic risk factors and/or complications. For this patient
group, lifestyle modifications such as diet which don’t rely on weight loss to elicit metabolic or

other health benefits are especially important.
1.1.3.3 Incidence and trends of NAFLD

The incidence of NAFLD in the general population has not been investigated often or thoroughly,
largely due to the lack of sophisticated non-invasive methods of NAFLD diagnosis. The few studies
which have reported incidence of NAFLD use ultrasonography, sometimes coupled with raised
liver enzymes, which is considered a crude, imprecise and highly insensitive means of
quantification.** The incidence of NAFLD varies world-wide, though altogether has been increasing

dramatically over time. In Israel, incidence estimates range from 28 per 1000 persons/year (95%
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Cl, 19.34-40.57), in England estimated incidence rates were 29 per 100,000 persons/year and in
Asia incidence estimates were approximately 52 per 1000 persons/year (95% CI, 28.31-96.77).3%
37 A population-based study from Minnesota (US), indicate a 5-fold increase in NAFLD incidence
since 1997. Incident fatty liver has been strongly associated with anthropometry and biochemical
factors of the MetS including weight gain or obesity, insulin resistance, hypertension and
unfavourable lipid profile.** Poor dietary intake and nutritional status was also closely connected to

incidence of NAFLD.* 38
1.1.3.4 Health burden of NAFLD

Approximately 30-40% of those with NAFLD develop non-alcoholic steatohepatitis (NASH) and
40-50% develop hepatic fibrosis,** increasing the potential for progression to cirrhosis, liver failure
and HCC.* In fact, the burden of NAFLD-related cirrhosis is currently twice as high as cirrhosis
caused by chronic hepatitis C (CHC) in the USA.*! Previously CHC-related cirrhosis was the
leading cause of liver transplantation, though in recent years it’s incidence has decreased and
cirrhosis as a result of NAFLD has surpassed CHC as the leading indication for liver
transplantation.*! Prediction models have shown that even if the prevalence of obesity stabilises in
Australia, NAFLD-related morbidity and mortality will increase due to the ageing populaion.
Between 2019 and 2030, more than 1.4 million persons >65 years will be at greater risk for
advanced liver disease.’® Cases of incident primary liver cancer are predicted to rise by 75%, from
420 (280-660) cases in 2019 to 730 (480-110) cases in 2030; modeled data was compared with
reported estimates for 2005-2015, which was the most reliable data available.*® Epidemiological
studies have shown that NAFLD is present in up to 80-90% of obese individuals and 75% of
individuals with type 2 diabetes mellitus (T2DM).?® With approximately 1.2 million individuals
dignosed with T2DM in Australia in 2015 and an approximate 20% of cases undiagnosed, by 2030
there will be an additional 2.2-3.0 million cases of diabetes.’® Physicians are urged to consider
individuals with T2DM a high-risk group. NAFLD is also typically associated with the male sex,
increasing age, increased liver enzymes, and cardiometabolic alterations consistent with the
metabolic syndrome (MetS).** Clinically, NAFLD is considered the hepatic manifestation of MetS
and the leading predictor of cardiovascular disease (CVD). Indeed, cardiovascular complications

are the leading cause of mortality among the NAFLD population.*’
1.1.3.5 Economic Burden of NAFLD

The increasing health burden of a disease is ensued by the consequential economic burden of the
disease. It has been predicted that the annual financial burden of NAFLD associated with the 64
million individuals affected by NAFLD in the US and the 52 million individuals affected by
NAFLD in European countries was US$103 billion ($1,613 per patient) and €35 billion (from €354
to €1,163 per patient), respectively.?® The total health burden of liver disease in Australia was

estimated to be AUD$432 million, however the health cost of NAFLD itself was unidentified.?
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Direct and indirect costs related to NAFLD are anticipated to rise in parallel with increasing
prevalence of obesity and the development of new cases of NAFLD.* While the financial burden
of NAFLD has not been forecasted in Australia, the USA and Europe have estimated an expected
10-year burden of $1.005 trillion and €334 billion, respectively.?®

The main question that arises from forecasting the future health burden of NAFLD and NAFLD-
related comorbidities is whether the significant cost of screening and management of early stages
can be justified. The cost-utility analysis of NAFLD screening is hindered by the lack of high-
quality evidence for effective and sustainable management strategies during the early stages of
disease and the variability of inexpensive, non-invasive markers for diagnosis of NAFLD. The UK
National Institute for Health and Care Excellence (NICE) NAFLD Guideline Committee do not
recommend steatosis testing due to the ambiguity in cost effective and accurate tests and lack of
strong clinical evidence.*> Whereas the EASL-EASO-EASD 2016 guidelines and the UK NAFLD
Guideline Committee recommend screening of patients with NAFLD for advanced fibrosis and
cirrhosis using biomarkers, NAFLD fibrosis score and transient elastography or acoustic radiation
force impulse imaging.*>: 46 Effective strategies for early detection and management of NAFLD and
investment of resources at the subclinical level of disease should be main factors in analysing cost-
benefit analysis, as they pose added risk of adverse health outcomes of NASH.*” Moreover, a more
established evidence-base regarding the management of early stage disease may help to justify
screening. Currently, there are no high quality therapeutic management strategies in place,
particularly in non-Mediterranean countries, which may be able to justify the cost of screening and

in turn effective management of patients.

1.1.4 Risk Factors and Clinical Features of NAFLD
1.1.4.1 Age

The burden of chronic disease is known to increase with ageing, and age is indeed considered an
independent, non-modifiable risk factor for NAFLD.* The structural integrity of the liver changes
substantially over time, reducing metabolic function and detoxification properties.*’ The prevalence
of NAFLD has been shown to increase in aging populations and age has been associated with more
progressed liver damage and increased mortality.*>> A study conducted by Frith et al. (2009)
divided a group of biopsy-proven NAFLD patients into older (>60y), middle-aged (=50y to <60y)
and younger (<50y) groups, finding a positive correlation between age and the prevalence of
NAFLD and fibrosis.** In the middle-aged and older groups of patients with NAFLD, there was a
higher prevalence of risk factors such as hypertension, hyperlipidaemia and diabetes.>® Another
study in a geriatric rehabilitation hospital reported a prevalence rate of 46% NAFLD in the
population, which is higher than the general population.?->* This study also found that patients in
the geriatric hospital were free of risk factors or comorbidities including CVD, the MetS or

cirrhosis, suggesting that NAFLD pathogenesis may be altered in geriatric populations.>* Many
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studies have reported the association between older age and the increased risk of developing
progressed liver problems such as NAFLD/NASH-fibrosis, HCC and T2DM.*>>*" In fact, a finding
of the study by Frith and colleagues mentioned above, stated that younger age was associated with
higher level of ALT and hepatic steatosis, whereas older age was associated with significantly
higher grades of hepatic fibrosis and cirrhosis.>® Overall, the age-specific pattern of NAFLD has
not been fully defined. While there are pathophysiological changes occurring in the liver with aging
that can ultimately affect hepatic blood flow and lipid metabolism,* it is unknown whether higher

prevalence of NAFLD in older people is due to age itself or the duration of disease.
1.1.4.2 Sex

Sex differences have been reported in the prevalence of NAFLD. Initially it was estimated that
NAFLD was more prevalent amongst females than males, however this finding lacked empirical
evidence. In more recent data from larger scale, population-based studies, the majority of
individuals with NAFLD tended to be males rather than females. A study into the medical health
check-ups of 26,527 subjects in Asia showed that NAFLD was prevalent in 31% of men and 16%
of women.>® Another study of clinicopathological profiles of Indian medical patients reported that
the majority of NAFLD cases were men.* Further to this, analysis from The Third National Health
and Nutrition Examination Survey (NHANES III) showed that NAFLD was more prevalent in men
than women at all ages, except for <30 years for which rates were similar.®® Male sex has been
associated with higher ALT and histological NASH, as well as hepatic fibrosis and all-cause
mortality in patients diagnosed with NAFLD.>! 162 An interesting finding of sex-specificity is that
females tend to be more likely to develop NAFLD as they age, likely due to sex hormone changes
following menopause. The role of oestrogen as a protective factor in young women, is reduced
following menopause, along with changes in IR which can lead to susceptibility to NAFLD.®
Considering the multi-factorial interaction between age, sex and NAFLD, additional large,

population-based cohort studies are required to gain additional understanding of this topic.
1.1.4.3 Ethnicity

Ethnic/racial disparities have been widely reported in the prevalence of NAFLD. Typically, studies
in the United States show that Hispanics had the highest prevalence of NAFLD, followed by non-
Hispanic Whites and the lowest rates were reported in African Americans.®" ® ¢ Confirming
previous findings, a recent systematic review of population-based cohorts and smaller high-risk
groups investigated differences in prevalence, severity and outcomes based on ethnicity. Authors
found the same trends in prevalence between Hispanics, non-Hispanic Whites and African
Americans, although differences between groups were smaller high-risk cohorts than population-
based cohorts.®® They also found that while prevalence of NAFLD and risk of NASH was highest
in Hispanics and lowest in African Americans, there was no significant difference between the

ethnic groups in relation to the proportion of individuals with advanced fibrosis.®® NAFLD is
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becoming more prevalent in Asian populations, even in lean patients with “normal” BML® Current
literature does not characterise the severity and prognosis related to NAFLD between ethnic/racial
groups, however studies are needed to define why disparities exist and how it affects the progression
of NAFLD. Cultural, environmental and socioeconomic factors are likely contributors to the effect
of ethnicity on dietary and lifestyle habits, beliefs and accessibility to health care. The risk of
NAFLD extends through these areas.

1.1.4.4 Genetics

The notion that there is an underlying genetic susceptibility to NAFLD has been proposed and
increasingly accepted with additional studies emerging. Genomic research connects genotypes with
epidemiology of disease providing important evidence for disease origin, characteristics and
predictors of disease. Familial clustering of NAFLD was first observed in twin and other hereditary
studies, and population-based studies helped to identify differences in susceptibility, progression
and severity of NAFLD.®®7 Familial studies show that heritability of NAFLD occurs in
approximately 27% of cases.”! Single nucleotide polymorphism (SNP) variants are used as potential
genetic markers for many diseases. In NAFLD, SNPs of candidate genes have been identified from
larger genome-wide association studies (GWAS) and associated with insulin resistance, lipid
metabolism, inflammation, oxidative stress and liver histology. One of the most commonly studied
gene variants in NAFLD populations is the 1148M allele of patatin-like phospholipase domain
containing protein 3 (PNPLA3) gene, which encodes adiponutrin and is strongly associated with
accumulation of fat in the hepatocyte.”” Evidence indicates that GG homozygote carriers have a
73% higher hepatic fat content when compared with CC carriers, as well as a 3.2-fold higher risk
of developing liver fibrosis.”? The PNPLA3 1148M variant is more prevalent in Hispanics (49%)
compared with European Americans (23%) and African Americans (17%). Importantly, the
association between the PNPLA3 variant and hepatic fat appears to be independent of insulin
resistance and serum lipids, and may modify response to diet and lifestyle factors such as obesity.”
A joint effect of PNPLA3 and mutations in the glucokinase regulator (GCKR) gene have been
reported, and GCKR is also associated with significant liver fibrosis and elevated serum lipid
concentration.” A meta-analysis of GWA studies identified PNPLA3 and GCKR, as well as gene
variants Neurocan and lysophospholipase-like 1, as significantly associated with increasing hepatic
steatosis and histologic NAFLD, as determined by computed tomography (CT).”” A number of
genetic variants have been identified which may influence NAFLD susceptibility and progression
including peroxisome proliferator-activated receptor-alpha (PPARa), peroxisome proliferator-
activated receptor-gamma (PPARY), apolipoprotein C3 (APOC3) and apolipoprotein E (APOE),
however only a few of them have been validated and confirmed in several independent

populations.”®

According to current literature, there are multiple hypotheses about the mechanism of gene variants
in NAFLD: (i) genes influencing hepatic FFA and TG; (ii) genes affecting insulin resistance; (iii)
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genes influencing oxidative stress; (iv) genes influencing response to endotoxin; (V) genes
influencing the release or effect of cytokines/adipokines; (vi) genes affecting severity of fibrosis;
and (vii) genes which predispose to HCC.””7® Gene variants influencing inflammation in NAFLD
will be the primary focus of Chapter 6 of this doctoral thesis. This topic will be covered in detail in

a latter section of this literature review (Section 1.1.5).

1.1.5 Common Metabolic Disorders related to NAFLD

IR is present in most individuals with NAFLD, clinically defined as the critical link between
metabolic stress, visceral adiposity, and decreased cardiorespiratory fitness.” It is well-known that
NAFLD has a strong association with IR not only in the liver but also in muscle and adipose tissue.
Biologically, hepatic IR will result in elevated fasting blood glucose levels, while peripheral
(muscle) IR will result in an increase in concentration of circulating FFAs worsened by adipose
tissue IR inducing lipotoxicity by increasing the flux of FFA to the liver and other target tissues.”
89 1R is strongly associated with the development and progression of other metabolic abnormalities
including pre-diabetes, T2DM and the MetS, all of which increase the likelihood of cardiovascular
complications and/or cardiovascular disease (CVD)-related mortality. The notion that NAFLD may
be an early mediator of atherosclerosis and could predict future CVD events is widely recognised

and the importance of understanding links between diseases continues to be investigated.®!
1.1.5.1 Obesity

Obesity is a key risk factor and characteristic of NAFLD and other chronic metabolic disorders.
Inflammation emerges in the presence of obesity, primarily through inflammatory processes
occurring in visceral adipose tissue and other metabolically active sites including the liver. Obesity
is strongly associated with conditions such as T2DM, CVDs, hypertension and stroke, osteoarthritis,
some types of cancer and overall mortality.®? Obesity is reported to reduce life expectancy by up to
20 years.?® The prevalence of NAFLD and severity of steatohepatitis increases with increasing
BMI.* Studies have shown that individuals at “low-risk” of NAFLD were typically classified as
“healthy” weight (BMI <25 kg/m?), free of diabetes and had normal serum fasting glucose and ALT
concentrations.®® Data from multiple sources of liver histology analyses indicate that the prevalence
rates of NAFLD are approximately 15% in non-obese individuals, 65% in those classified as class
I and II obesity (BMI 30.0-39.9 kg/m?) and 85% in morbidly obese individuals (BMI >40.0

2).86—89

kg/m From the same sources, the prevalence of NASH was approximately 3% in non-obese
persons, 20% in the class I and II obese and 40% morbidly obese individuals.’* A strong
correlation exists between visceral adipose tissue — a measure of central adiposity — and NAFLD.*
Visceral fat has a greater lipolytic potential than subcutaneous adipose tissue and is known to
increase FFA flux, in turn elevating circulating triglycerides and potentially mediating IR.** In
patients with NAFLD, those who are centrally obese tend to be insulin resistant compared to those

who do not have central-obesity (i.e., lower proportion of visceral fat).’* Another functional
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difference between visceral and subcutaneous fat stores is the release of proinflammatory cytokines

from visceral adipose tissue as opposed to subcutaneous tissue.”!
1.1.5.2 T2DM and CVD

NAFLD represents a significant burden of disease for patients with T2DM, not only in prevalence,
but also in severity of disease. It has been estimated that 70-75% of patients with T2DM have some
form of NAFLD,*?> and NAFLD may develop and progress in patients with T2DM independent of
the diabetes progression itself.”® Traditionally, these studies were based on abnormal liver function
tests which are a poor proxy marker of NAFLD however this association has now been identified
using ultrasonography to examine hepatic steatosis. Two cross-sectional studies reported that the
unadjusted prevalence of ultrasonographic NAFLD among individuals with T2DM was 69%, with
NAFLD the most common cause (81.5%) of hepatic steatosis on ultrasound examination.®> 3
Abdominal obesity, hypertriglyceridemia and a high-normal ALT level were independently
associated with an increased risk of having NAFLD.” Another study, which consisted of 204
patients with T2DM identified 127 of their patients had fatty infiltration based on ultrasound. Of
these 127 patients, 90 patients consented for liver biopsy which found that 87% of patients had
NAFLD on histology, 62.6% of patients had steatohepatitis and 37.3% had fibrosis.’* Another study
found that individuals with NAFLD were 1.6 times more likely to develop T2DM than NAFLD-
free persons over a 3-year follow up, highlighting the importance of large epidemiological studies
and the need to better understand underlying mechanisms leading to disease development and

progression.”

The pathophysiological mechanisms underlying the high prevalence of NAFLD and its
unfavourable outcomes in patients with T2DM remain under debate. Aside from IR, NAFLD and
T2DM share key pathophysiological features including chronic low-grade inflammation, increased
oxidative stress and upregulation of pro-inflammatory cytokines.’®°” These underlying features are
also known CVD-risk factors. When compared, patients with NAFLD were found to have a higher
prevalence of coronary heart disease (CHD)(16.8 vs. 9.1%) and cerebrovascular disease (9.6 vs.
5.5%), than those without NAFLD.” In a separate study, the most common cause of death in 49
NASH patients followed up over ~4 years was CVD.® Further, Matteoni et al. (1999) found that
CVD was the second most common cause of death in 132 NAFLD patients who were followed up
for ~18 years, and rates equalled those of liver-related deaths in their population.”® Such results are
important in the implication and clinical treatment of NAFLD, though it is not presently known
whether improving NAFLD will ultimately prevent the development of CVD.* Current screening
strategies and health guidelines for individuals with diabetes® ' and CVD'’! do not include

individuals with NAFLD.
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1.1.5.3 The Metabolic Syndrome (MetS)

The MetS is characterised as a cluster of cardiometabolic disturbances including impaired glucose
tolerance (prediabetes), hyperinsulinemia, dyslipidaemia (increased triglycerides and decreased
high density lipoprotein (HDL)-cholesterol), hypertension and central obesity.'”> Though this
condition has been identified for over 80 years, multiple definitions exist without one being used
universally. For the purpose of consistency throughout this doctoral thesis, the MetS will be defined
using the widely known and commonly used National Cholesterol Education Program Expert Panel
(NCEP) Adult Treatment Panel III (ATP III) criteria.'% This definition was proposed in 2001'** and
modified by the American Heart Association and National Heart, Lung and Blood Institute
(AHA/NHLBI) in 2005.!9 As detailed in the updated ATP III report, participants with >3 of the

following criteria were defined as having the MetS:
o Central obesity: waist circumference >102 ¢cm in men and >88 c¢cm in women,;
e Hypertriglyceridemia: >1.69 mmol/L;

e Low high-density lipoprotein (HDL) cholesterol: <1.04 mmol/L in men and <1.29 mmol/L

In women;
e High blood pressure: >130/85 mmHg;
e High fasting glucose: >6.1 mmol/L.

Since there is no universal definition of the MetS, published prevalence rates vary for different
populations making it difficult to assess the health impact and economic burden world-wide.'*
Using the NCEP criteria definition, the prevalence of the MetS was approximately 24% of the
general population in the United States.'” Rapidly rising rates of obesity will continue to drive
prevalence of the MetS, with age, physical inactivity, ethnicity and genetics identified as

predisposing factors.

Considering that most of the cardiometabolic disturbances which make up the MetS result from
systemic and hepatic IR, it is not surprising that NAFLD is considered the “hepatic manifestation”
of the MetS. In fact, at least 80% of individuals with the clustering of disease comorbidities
manifesting as MetS have NAFLD and of these, up to 25% were diagnosed with NASH based on
liver biopsy.!% In one study, 88% of NASH patients met the criteria for the MetS, compared with
53% of NAFLD patients.!% In an 11 year population-based cohort study conducted by Adams et al.
(2009), patients with NAFLD and elevated liver enzymes were three times more likely to develop
diabetes and 50% more likely to develop the MetS compared with the general population.'®’
Another study found that patients with NAFLD had increased incidence of the MetS and NAFLD
was an independent risk factor for the MetS.'”® This study also confirmed that risk factors associated

with the MetS included IR, T2DM and hypertension.!”® Similarly, data from the Non-alcoholic
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Steatohepatitis Clinical Research Network showed that prevalence of the MetS increased the
likelihood of developing histologically confirmed NASH by 40%,'” and was independently
associated with higher all-cause mortality among NAFLD patients in the National Health and
Nutrition Examination Survey database.''? It is evident that IR plays a central pathophysiological
role in the occurrence of metabolic abnormalities and coupled with a prolonged proinflammatory

state may promote the development of the MetS, T2DM and NAFLD.

1.1.1 Clinical Presentation

Non-alcoholic fatty liver disease is considered to be an asymptomatic condition. Some patients have
reported non-specific fatigue or weakness, and some experience slight right-sided abdominal

pain.!!!

Liver function tests that have been performed for other medical reasons — often as part of a general
health check or blood. Over two-thirds of individuals who present with unexplained abnormal liver
function tests will be diagnosed with NAFLD in subsequent follow up, however the degree to which
liver enzymes are elevated may not be related to disease severity.''? Risk factors that are typically
observed in patients presenting with NAFLD include: increasing age, BMI and central obesity,
family history, sedentary lifestyle, poor diet, diabetes or insulin resistance and hyperlipidaemia.*
Patients who present with one or more of these risk factors should be identified and followed up by

treating physicians who are well equipped in the treatment and diagnosis of NAFLD.

1.1.2 From NAFLD to MAFLD

The terms non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH)
were first coined in the early 1980s when clinicians and pathologists observed similar
histopathological features of alcoholic liver disease (ALD) in a series of patients who denied misuse
of alcohol.!'3 1'% At the time, the common features documented between NAFLD and ALD were
steatosis, steatohepatitis and fibrosis, and understanding of the complex pathogenesis of NAFLD
was limited. Over time, landmark studies by Day and James'!®> and Marchesini et al. (2001)''® have
proposed inflammation, oxidative stress and insulin resistance as key drivers of NAFLD
pathogenesis and evolution to NASH and these theories have been widely accepted and supported
by subsequently published literature. Over the past two decades, rising rates of NAFLD have
paralleled prevalence rates of obesity and diabetes** and numerous studies have illustrated
metabolic dysfunction as a key driving feature of NAFLD.!!” In fact, NAFLD has often been termed

the hepatic manifestation of the metabolic syndrome.

Recently, two new position papers have highlighted the urgent need for revised nomenclature
surrounding the disease.!'® !'"” In these papers, a group of highly distinguished experts propose the
name NAFLD be changed to metabolic associated fatty liver disease (MAFLD) based on the clear
metabolic underpinnings of the disease. The proposed name change is accompanied by a new
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criteria in which evidence of hepatic steatosis must be present along with one of three features: (i)
overweight or obesity; (ii)) T2DM; or (iii) lean or normal weight with evidence of metabolic

dysregulation (Figure 1.2).'%
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Figure 1.2. MAFLD: an ‘old’ new disease. The criteria for Metabolic Associated Fatty Liver Disease
(MAFLD) include hepatic steatosis, accompanied by either: (i) obesity or overweight (based on
BMI >25 kg/m? in Caucasian individuals and >23 kg/m? in Asian individuals), (ii) type 2 diabetes mellitus,
or (iii) evidence of metabolic dysregulation. Of the following metabolic risk factors, at least two should be
present: waist circumference >102/88 cm in white men and women or >90/80 cm in Asian men and women;
inflammation with elevated hs-CRP; prediabetes; high blood pressure or specific pharmacological treatment;
decreased levels of HDL-cholesterol; elevated levels of plasma triglycerides; and homeostasis model
assessment (HOMA)-insulin resistance score >2.5. Adapted from Tilg and Effenberger (2020)'*°

This change is intended to challenge the current criteria which is based on the presence of >5%
steatosis in the absence of significant or ongoing alcohol use and exclusion of other liver diseases.
The new criteria propose the shift to a “positive” criteria set specifically for the diagnosis of
MAFLD. Interestingly, the exclusion of other significant alcohol intake or other chronic liver
disease is no longer a requirement for the diagnosis of MAFLD.'?! In addition to these main criteria,
hepatologists will need to screen for metabolic risk factors, at least two of which must be required
for diagnosis of metabolic dysregulation: waist circumference >102/88 c¢m in white men and

women, respectively, or >90/80 c¢cm in Asian men and women, respectively; prediabetes;
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inflammation via elevated high-sensitive serum C-reactive protein level; elevated blood pressure or
specific drug treatment; decreased HDL-cholesterol levels; increased plasma triglycerides levels;
and HOMA-IR score >2.5.""8 Eslam et al. (2020) also suggest that the assessment and stratification
of severity criteria for NAFLD be extended beyond the simple dichotomous classification of NASH
versus non-NASH, as this may not capture the full spectrum of disease.!'® The disease process in
MAFLD may be best described by the grade of activity and stage of fibrosis present which will
improve case identification and changes in the underlying metabolic dysfunction or response to

lifestyle or pharmacological interventions.!''®

In agreement with expert views put-forth in the position papers, Tilg and Effenberger (2020) suggest
that an important clinical concept and “next step” in characterising metabolic disorders in NAFLD
is the presence of low-grade inflammation.'?° The new criteria for NAFLD include documenting C-
reactive protein levels, and whilst this marker is a well-established risk marker of cardiometabolic
disorders in general, its specificity to the development and progression of NAFLD is largely
unclear. Tilg and Effenberger (2020) highlight the lack of attention that inflammation has received
in MAFLD even though it is a key underlying feature of the disease.!? Patients who fluctuate
between steatosis and steatohepatitis over relatively short time frames, and those with
steatohepatitis that rapidly progresses to fibrosis which may also regress, suggests that
inflammation could be chronic-relapsing or intermittent in MAFLD as it is in many other chronic
inflammatory and liver diseases.'® These changes might be overlooked in a liver biopsy.
Understanding the association between inflammation and MAFLD is important to better understand
the natural disease course and recognise that treatment strategies may need to focus on anti-

inflammatory approaches.

There are still challenges to overcome in the renaming NAFLD as MAFLD, including defining
‘metabolic health’ in general and more specifically defining metabolic health classification of sub-
groups (such as metabolically healthy obese) and sub phenotypes of NAFLD. Experts in the field
recognise that additional initiatives are warranted to sub phenotype patients with MAFLD, which
will assist the precision of patient management and enable effective pathways between primary care
and outpatient liver clinics.!"® There is a need for diabetologists, hepatologists and dietitians to
intensify their collaborative approach in treating patients presenting with fatty liver disease.
Treatment options should be built on evidence-based guidelines and dietary recommendations,
underpinned by the work of researchers and ideally derived from the results of high-quality clinical
trials. Large epidemiological studies have furthered the understanding of the natural disease course,
though the need for non-invasive, accurate screening and diagnostic tools remains.'?® The
development and validation of techniques such as serum biomarkers of steatosis could replace
costly imaging methods, and more importantly capture metabolically unhealthy lean patients who

may otherwise not have been referred for further follow-up or ultrasonography.

46



The implications of this new nomenclature, disease definition and diagnostic criteria will impact
patients and practitioners, influence health awareness and stigma, and affect funding and health
policy.!?! There is growing evidence that health professionals may undertreat patients with NAFLD
due to the inappropriate branding of the medical condition, limited acceptance of treatment options

and suboptimal funding and resources,'?!

and this undertreatment is evidenced in the growing
number of high-risk individuals presenting to outpatient liver clinics.*’ The negative consequences
of the misnamed disease are apparent; therefore, it is time to reframe the disease criteria, definition
and name in order to develop more effective and durable treatments. The proposed nomenclature,
disease definition and diagnostic criteria are novel and practical. Future research should aim to
consistently and repetitively validate the criteria in a clinical setting to confirm the feasibility of its
use in the recruitment of participants to clinical trials and most importantly, to utilise in routine

clinical practice.''8

The present doctoral research was conducted prior to proposal of the new nomenclature, disease
definition and diagnostic criteria, and therefore this doctoral thesis will refer to the disease as

NAFLD and utilise its classic nomenclature, disease definition and diagnostic criteria.

1.1.3 Pathogenesis of NAFLD

The development and progression of NAFLD is recognised as complex and multifactorial.
Although its pathogenesis remains poorly understood well-known and accepted hypotheses have
been identified. From a pathological point of view, the first step involves excessive lipid
accumulation in the liver which is mainly a result of a high consumption of dietary fat and/or
calories, increased visceral adipose tissue (VAT) lipolysis and increased hepatic de novo
lipogenesis (DNL) activation.® In a small study in human participants which used isotope labelling
to identify the representation of each of these mechanisms, 59% was attributed to excessive free
fatty acid (FFA) flux from VAT to the liver, 26% through DNL and 14% due to dietary fat and/or
calories consumed.'?? Along with the expansion of adipose tissue, low-grade inflammation and IR
also increase the rate of lipolysis. IR tends to drive metabolic complications in patients with NAFLD
and is the main risk factor associated with co-morbidities including the MetS and T2DM.'?* 124 The
progression of NAFLD is inconsistent and varies between patients. In some patients, NAFLD will
progress to NASH and/or advanced liver disease rapidly whereas in others it may never progress to
NASH.® 1t is acknowledged by clinicians and researchers that hepatic steatosis should be targeted

in the early onset stages so that disease progression and potential co-morbidities can be prevented.

Initially it was thought that the progression of NAFLD to NASH involved two-hits; the ‘first hit’
driven by IR inducing lipid accumulation in the hepatocytes and increasing the vulnerability of the
liver to further insults, after which the “second hit” will promote hepatic injury in the form of
inflammation and fibrosis.!"> In recent years, this theory is viewed as over-simplistic given the

complicated nature of NAFLD, where multiple parallel factors have been identified to
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synergistically implicate disease development and progression to likely genetically predisposed
individuals.!” The evolution of the “two-hit hypothesis” to a “multiple-hits” hypothesis was first
proposed by Tilg & Moschen in 2010,'? who implied that alongside metabolic insults, extrahepatic
tissues, environmental and genetic factors play an important role promoting liver inflammation
(Figure 1.3). Dietary and environmental factors are implicated in the development of NAFLD and
NASH, as they increase serum fatty acids and cholesterol, adipocyte proliferation and promote IR
and changes in the intestinal microbiome. IR also acts on the development of hepatic steatosis by
increasing DNL and adipocyte lipolysis, impairing adipose tissue function and promoting abnormal
release of inflammatory cytokines such as tumour necrosis factor-alpha (TNF-a) and interleukin-6
(IL-6)."7 A consequent influx of fatty acids to the liver results in hepatic fat accumulation in the
form of triglycerides, while elevated levels of FFA, free cholesterol and other lipid metabolites
induce mitochondrial dysfunction with oxidative stress.!” The production of reactive oxygen
species activates endoplasmic reticulum stress mechanisms which result in inflammation of the
liver. An altered gut microbiota produces additional FFAs in the bowel, promoting intestinal
permeability and fatty acid absorption and releasing inflammatory cytokines TNF-a and IL-6 via
the activation of inflammatory pathways.'?® In addition, an underlying genetic predisposition to
disease or epigenetic modifications is thought to affect the degree of hepatocyte steatosis and liver
inflammatory environment in NAFLD and/or NASH patients. Thus, it is now recognised that a
combination of these genetic, environmental, external and intracellular events, as well as
inflammation preceding or in conjunction with steatosis, lead to the development of NAFLD and

progression of NASH respectively.!’
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Figure 1.3. The Multiple Hit Hypothesis for the development of NAFLD. Adapted from Buzzetti et al. 2016."”7

Reprinted with permission from George, E. S. (2017). A Mediterranean diet for the management of non-
alcoholic fatty liver disease (Doctoral thesis, La Trobe University, Melbourne, Australia). Retrieved
from http://hdl.handle net/1959.9/564467

1.1.4 Inflammation and NAFLD

Chronic low-grade inflammation is a common, yet not fully understood feature of NAFLD, which
alongside other factors may further drive the disease along the spectrum of NASH fibrosis and
cirrhosis. A mutual positive feedback process exists between IR and inflammation in the presence
of lipotoxicity, termed the “vicious circle”.!?” The uptake of FFAs from visceral adipose tissue
and/or excess dietary intake accumulate in the liver and promote inflammation through the hepatic
activities of nuclear factor-kappa B (NF-kB), and its upstream activator kinase-f3 (IKK-B). NF-xB
is a sequence-specific transcription factor important for regulating the transcription of a wide range
of inflammatory responses and IKK-p is responsible for its activation during acute inflammation.'?
Both NF-kB and IKK- are involved in the aetiology of IR, though the cell types and mechanisms
through which they are modulated are unknown.'” Two studies in rodent models have shown that
a high-fat diet was associated with increased NF-kB activity in the liver and increased hepatic
expression of proinflammatory cytokines including TNF-a, IL-6, and IL-1B, and activation of
Kupffer cells.!*® 13! Pro-inflammatory gene expression, Kupffer cell activation and hepatic and
systemic IR responses to the high-fat diet were all able to be attenuated by hepatocyte-specific NF-
kB inhibition, consistent with known inhibitory effects of TNF-a, IL-6, and IL-1B on insulin
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signalling. The role of c-Jun N-terminal protein kinase (JNK/JNK1), Protein kinase C (PKC) and
suppressors of cytokine signalling (SOCS) pathways are involved in regulating IR and models have
shown JNK activity to be increased in the liver, muscle and adipose tissue probably in response to
increased FFA and TNF-a."3% 133 In an animal model, loss of INK1 prevents IR in both genetic and
dietary pathways of obesity and a knockdown of liver-specific JNK1 has been shown to decrease
circulating levels of glucose and insulin.'** Thus, the role of JNKI in the development of IR is

recognised though human models of JNK signalling have not yet been widely studied.

Obesity promotes a chronic inflammatory response in NAFLD via multiple mechanisms, including
abnormal cytokine production, increased synthesis of acute-phase reactants and activation of
inflammatory signalling pathways.!*> 3¢ Adipose tissue acts as an endocrine organ to produce
circulating and systemically active cytokines, and adipocytes also containing a high amount of
macrophages which comprise an additional source of soluble mediators (Figure 1.4). Macrophages
can be characterised by their phenotype, M1 and M2. M1 macrophages produce pro-inflammatory
cytokines such as TNF-a and IL-6, in contrast M2 macrophages produce anti-inflammatory
cytokines such as IL-10 and adiponectin.'*” Obesity results in the accumulation of liver fat (hepatic
steatosis), and the liver also begins to produce various inflammatory markers.'*® Obesity related-IR
and chronic inflammation are key pathogenic factors to NAFLD/NASH, though it remains unclear

which develops first.
1.1.4.1 Cytokines in NAFLD
TNF-a

The first study to find an association between obesity, expression of pro-inflammatory cytokine
TNF-o and insulin action was published in 1992 by Hotamisligil and colleagues.'*® They found that
adipocytes directly expressed TNF-a in rodents, which led to the concept that obesity had a role in
inflammation.'3® Supporting evidence emerged for the role of TNF-a in IR, a study of mice lacking
TNF-a or TNF receptors resulted in improved insulin sensitivity in dietary and genetic models of
obesity."* Human studies paralleled the findings of animal models, multiple studies finding that
increased expression of TNF-o was present in adipose tissue of obese individuals which
subsequently decreased with weight loss.'"*® ¥ Elevated liver expression of TNF-a has been
reported in individuals with NAFLD, and increased expression of TNF-a via TNF type 1 receptor
have been significantly correlated with severity of NAFLD and the degree of fibrosis.'** Similar
studies have reported a positive correlation between the degree of liver fibrosis and TNF-a
expression in NAFLD,'® as well as increased TNF-a expression, liver and adipose tissue in patients

with more severe NASH fibrosis, compared to those with less or non-existent fibrosis.'*

Animal studies have administered anti-TNFo antibodies to rats with high-fat-diet-induced IR,
finding that antibodies improved insulin signalling and reversed hepatic steatosis.'** This finding

indicated that neutralisation of pro-inflammatory cytokine TNF-a reduces inflammation in the liver,
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steatosis and/or fibrosis, and mediates insulin. In humans, two clinical studies using an antagonist
and an anti-TNF-a antibody did not find an improvement in insulin sensitivity.'*> ¢ Although
animal models have provided the potential therapeutic target of TNF-a inhibition, in humans, the

role of TNF-a in IR and NAFLD requires further investigation.
Interleukin-6 (IL-6)

Interleukin-6 is a pleiotropic cytokine with a complex role in the pathogenesis of NAFLD, with
many functions remaining unclear. The functional role of IL-6 is to activate cells, including immune
cells, hepatocytes, stem cells, and more, to serve biological functions that will induce inflammation,
modulate immune response or support oncogenesis or haematopoiesis.'*” Initially, IL-6 was thought
to be hepatoprotective; capable of lowering hepatic steatosis, oxidative stress and preventing
mitochondrial dysfunction.'*® However, IL-6 also has a key role in the acute phase response which
facilitates the synthesis and release of several acute phase proteins, including C-reactive protein
(CRP); an established marker of inflammation.'*” IL-6 is upregulated by TNF-a and has been
positively correlated with systemic levels of CRP in morbidly obese patients, and is therefore
suggested to play an indirect deleterious role in the pathogenesis of NAFLD.!¥” Serum IL-6 has
been found to be higher in patients with NAFLD'* and increasing levels were observed alongside
increases in NAFLD severity and fibrosis.!>® ! Moreover, in patients with NASH, liver IL-6
expression was found to correlate with degree of inflammation and hepatic IR.!* It should be noted,

however, that the role of IL-6 in IR remains unclear.

Evidence for the role of IL-6 in IR was initially observed in obese mice that were treated with anti-

IL-6 antibodies, resulting in improved insulin sensitivity.!'>?

One study of patients who underwent
bariatric surgery to induce weight loss had significantly decreased IL-6 and improvements in IR
after surgery.'>® While IL-6 has been considered a predictor for NAFLD and CVD, results of clinical

studies investigating serum IL-6 concentrations are inconsistent.'3¢ 130. 154

Interpretation of
experimental results is further complicated as IL-6 activity is influenced by other signalling
pathways, cytokines and hormones.!* It also remains indefinite as to whether IL-6 is primarily
synthesised by the liver or produced by adipose tissue in NAFLD, which limits understanding of

the physiological function of the cytokine.!*¢ 13

CRP

C-reactive protein is a well-known acute phase reactant and marker of inflammation in chronic
disease and infection, predominantly produced by the liver, but may also be released from adipose
tissue.!> The role of CRP in the development of atherosclerosis and CVD is well-established, 3¢ 17
though its role in the development and progression of NAFLD is less clear. Some studies have

158,159 wwhile others

reported high CRP levels in patients with NAFLD compared to healthy controls,
have found no difference between CRP in obese individuals with and without NAFLD.'®° In middle-

aged participants with high concentrations of CRP, severity of NAFLD was an independent risk
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factor for the development of CVD.!®! Serum CRP is significantly correlated with liver steatosis
and severity of NAFLD, independent of body mass index (BMI), and therefore has been proposed
as an obesity-independent marker of NAFLD. !5 12 Whilst CRP may be representative of low-grade

155

inflammation in the liver,'> it is not an established marker of steatosis or severity of NAFLD. !>

1.1.4.2 Adipokines

Adiponectin

Adiponectin is an important adipokine, most abundantly produced by adipocytes, though also
expressed by skeletal muscle cells, cardiac myocytes and endothelial cells.!®® Adiponectin levels
are reduced in obese individuals and in patients with T2DM, or IR states.'?” 13 Adiponectin contains
insulin sensitising properties, via activation of AMP-activated protein kinase in the liver and muscle
which leads to an increase in fatty acid oxidation, glucose uptake by muscle and suppression of
gluconeogenesis in the liver.!®* Transcription of adiponectin in an adipocyte cell line is supressed
by TNF-a, which provides explanation for lower concentrations of serum adiponectin observed in
obese individuals.'®> Further, circulating pro-inflammatory mediators such as IL-6 regulate the
expression of adiponectin by supressing transcription and translation in adipocytes.'®® Adiponectin
synthesis is induced by weight loss and activation of peroxisome-proliferator-activated receptor-y

(PPARy).!63

Lower levels of serum adiponectin have been observed in patients with NAFLD and NASH,
compared to healthy controls.'*” Hypoadiponectinemia has been identified as an independent risk
factor for the development of NAFLD and liver dysfunction, suggesting that adiponectin deficiency
is important in the accumulation of intrahepatic fat and not simply for development of IR.!®® Studies
have reported that adiponectin expression is decreased by 20-40% when liver damage progresses
from simple steatosis to NASH.'®® Adiponectin had an area under the curve of 0.765 and sensitivity
and specificity of 68% and 79%, respectively, for identifying early-stage NASH with a cut-off value
of <4.0 ug/mL.'"* Accumulating evidence shows that adiponectin can predict steatosis grade and
severity of NAFLD, but not the severity of fibrosis.!® Although adiponectin has also been inversely
associated with liver fibrosis and degree of necroinflammation in NASH.'” It is important to note,
however, that differences in adiponectin levels between patients with simple steatosis and NASH
are still not clear.!”"!”® The impact of adiposity on adiponectin concentration should be considered
in NAFLD. Adiponectin levels are inversely associated with truncal and abdominal fat, and
positively associated with lower extremity fat. In fact, levels of adiponectin are markedly decreased
in individuals with visceral obesity in particular and visceral obesity is a predictor of low of

adiponectin.'*
Leptin

Another adipokine, leptin, is mainly produced by adipocytes, though unlike adiponectin is

considered to be a pro-inflammatory marker and important mediator of immune-responses.'®®
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Animal and in-vitro studies identified the important role of leptin in appetite control and regulating
body weight, as well as its antilipogenic effect on the liver.!®® These studies also identified that
leptin can be deleterious in its role as a profibrogenic, pro-inflammatory and pro-diabetic
cytokine.!”! Initial studies in obese humans showed that leptin deficiency improved glucose
homeostasis, however leptin failed to correct hyperglycaemia introducing the notion of ‘leptin
resistance’.!3® In NAFLD patients, results are conflicting regarding leptin. Some studies have
reported a positive association between increased leptin levels and degree of steatosis in NAFLD
and NASH.!7* 17> While others — the majority of studies — have failed to show any association
between leptin and steatosis or inflammation in NAFLD.!7! 176177 The role of leptin in NAFLD

remains unclear and studies are required to clarify its role in the disease.
Resistin

Resistin is an adipokine, implicated in the regulation of inflammatory processes, and synthesised
by adipocytes, muscle, pancreatic and mononuclear cells (such as macrophages) in humans.'® In
mouse models, resistin was identified to have a role in the pathogenesis of obesity-associated IR
and T2DM,"® however this finding has not been demonstrated in humans.!®* Resistin and
adiponectin have opposing influences on systemic inflammation and effects on vascular endothelial
cells differ; resistin promotes the expression of Vascular Cell Adhesion Molecule 1 (VCAMI),
Intracellular Adhesion Molecule 1 (ICAM1) and pentraxin 3, whereas adiponectin downregulates
the expression of these molecules.!’”® One study reported elevated levels of resistin in a group of
patients with NAFLD, when compared with obese or lean controls.!”” Human studies have not
clearly identified the role of resistin in NAFLD, nor correlated IR with resistin levels. Aside from
the aforementioned study, other studies report inconsistent results for resistin.®? Other inflammatory
markers, such as visfatin and CC-chemokine ligand 2 (CCL-2), have been reported to be higher in

patients with NAFLD although additional studies are required to confirm these findings. '8 8!
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Figure 1.4. Secretion of inflammatory adipokines from enlarged adipose tissue in an obese state. Adapted
from Jung and Choi (2014)./%? Enlarged adipose tissue leads to an increase in free fatty acids (FFA) and
dysregulated synthesis of adipokines. Abbreviations: IL, interleukin; MCP-1, monocyte chemotactic protein;
NAFLD, non-alcoholic fatty liver disease; MetS, Metabolic Syndrome; TGF-f3, Transforming growth factor-
B; TNF-0, tumor necrosis factor-a.

1.1.5 Genes influencing inflammation in NAFLD

Genetic factors are involved in an individual’s susceptibility to developing progressive NASH.
Genetic polymorphisms may influence the release or effect of cytokines and adipokines, although
evidence of the functional significance of various gene variants is unknown and existing findings
require replication.'®® Pro-inflammatory cytokine TNF-a. is strongly implicated in mediating liver
damage and TNF polymorphisms have been shown to influence susceptibility to NAFLD, as well
as the transition to NASH.!®* Polymorphisms at positions -238 (called TNFA allele) and -308
(TNF2 allele) in the TNF promoter region have been extensively studied and whilst data is
conflicting, most researchers accept that both polymorphisms are associated with increased
susceptibility to NAFLD.'® Wang et al. (2011) conducted a meta-analysis of 8 studies which
investigated TNF-238 and -308; pooled data showed that prevalence of the -238 variant was higher
in patients with NAFLD compared with healthy controls and associated with risk factors of
NAFLD; IR and higher BMI, and the -308 variant led to elevated TNF-o production and was also
associated with diabetes mellitus.” The specific effects and functional roles of TNF polymorphisms

are still unclear.
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IL-6 is a pleiotropic cytokine that plays an important role in many cellular and inflammatory
processes, and mediates the balance between pro- and anti-inflammatory pathways.!®** In NAFLD
and many other diseases, the presence of elevated IL-6 has been associated with the pathogenesis
and/or progression of disease. The IL-6 -174 polymorphism may control the rate of transcription
and resulting expression of circulating IL-6; however, some allelic differences have been reported.
Two phenotypes for this polymorphism exist: G/G and G/C genotypes are characterised as ‘high-
producer’ phenotypes wherein higher circulating IL-6 is present; and C/C genotype is the ‘low’-
producer’ phenotype where lower concentrations of IL-6 are observed.'*! The IL-6 -174C variant
was more prevalent in patients with NAFLD compared with healthy individuals, and was associated
with insulin resistance and identified as an independent predictor of NAFLD and NASH. ' Ethnic
differences have been reported in population genetic studies of the IL-6 -174 variant. The

185 whereas other studies of Caucasian and Pima

aforementioned study was in Caucasian patients,
Indian patients with NAFLD have shown that the IL-6 -174G variant was associated with lipid
abnormalities and prevalence of T2DM and in a Taiwanese cohort, authors concluded that the C
allele was unlikely to play a role in the development of diabetes.!®% 187 A study of interleukin-10
deficient mice with ALD/NAFLD offers a possible explanation for these contradictory results.
Following a high-fat diet, the mice had an increased liver inflammatory response with coinciding
resistance to steatosis and hepatocellular damage due to an increase in hepatic IL-6/STAT3

activation, which consequently lowered lipogenic genes whilst up-regulating genes associated with

FA oxidation in the liver.!%?

Adiponectin, an adipocyte derived hormone with anti-inflammatory, anti-diabetic and
cardioprotective properties, is regulated via the adiponectin-encoding gene (ADIPOQ).!* In
patients with chronic disease including NAFLD, adiponectin is decreased. The most common SNPs
in the exon/intron 2 of ADIPOQ gene (—11377C/G, +45T/G and +276G/T) have been associated
with susceptibility to NAFLD.! Results of a study by Gupta and colleagues suggested that
haplotypes —11377C/G and +45T/G may have functional significance in the pathogenesis and
progression of NAFLD. The G allele of the —11377 variant was associated with higher necro-
inflammatory grade, while the G allele of the +45 variant correlated with low serum adiponectin
which may predispose hepatic steatosis.'' In a meta-analysis of the three SNPs: —11377 G allele
and +45 G allele were significantly associated with increased risk of CVD, whereas +276 T allele
was associated with decreased risk.'””® The +276G/T polymorphism has been associated with
decreased adiponectin expression, likely to be occurring alongside increases in body weight and/or

visceral adipose tissue, IR and subsequent development of NAFLD. '

A meta-analysis of 8 case-
control studies involving 1639 NAFLD patients and 1426 controls indicated that adiponectin
+275G/T was associated with NAFLD, and might be related to increased susceptibility to
NAFLD.'? Specific genotype effects of the +276 variant differ; GG homozygous carriers have been
found to have lower circulating adiponectin and higher levels of IR compared to carriers of the T

allele. These genotypes have also been associated with different responses to intervention, as GG
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homozygote carriers experienced improvements in adiponectin concentration and reductions in IR
following modest weight loss.!”> Numerous large, case-control studies of ADIPOQ gene variants
are needed to replicate existing literature and to adequately determine genotype differences and

susceptibility to NAFLD.

The acute-phase protein, CRP, widely used as a prognostic indicator of cardiovascular disease in
patients with the MetS is a well-studied in the context of NAFLD. Evidence indicates that
circulating CRP is higher in individuals with NAFLD or NASH, and increases with increasing
grades or stage of disease.!” The individual SNPs in the CRP gene are less studied in the context
of NAFLD. Gene variant CRP +1846C/T may be an important influencer of circulating CRP, with
one study reporting that carriers of the G allele had significantly higher levels of CRP increasing in
a dose-dependent manner when compared with the AA genotype. The slope of increase in CRP was
found to correlate with increase in BMI and waist circumference, suggesting that CRP gene
expression may be mediated in part by adipose tissue.' Studies have identified several other genes
which may influence the effect or release of cytokines/adipokines in NAFLD, namely: leptin
receptor gene (LEPR) polymorphisms, Toll-like receptor-4 (TLR4) and Interleukin-10 (IL-10).7":
183, 18 There is preliminary evidence to support the theory that gene variants have the potential to
influence susceptibility to NAFLD, as well as disease pathogenesis and progression. However,

larger well-documented studies exploring the mechanistic effect of SNPs are required to strengthen

genetic associations described here.

1.1.6 Assessment and Diagnosis of NAFLD

Early detection and diagnosis of NAFLD is a crucial component in the management of silent simple
steatosis and prevention of progression to NASH cirrhosis and liver-related comorbidities. Various
clinical, biochemical and radiographic tests are widely accepted in the detection of NAFLD, though
limitations in practicality, resources, expense and invasiveness exist in current tools. The three main
features which are ultimately considered in the diagnosis of NAFLD across the disease spectrum
include: histopathological features of liver damage and presence of intrahepatic fat, no indication
of excess alcohol use as a cause of the disease, and a widespread investigation to ensure no other

cause of chronic liver disease can be identified.'”
1.1.6.1 Ultrasonography and Computed Tomography (CT)

The main forms of imaging used in clinical practice for detecting steatosis are ultrasonography and
CT. These techniques are all widely accepted for their ability to detect moderate to severe steatosis,
though are limited in the ability to differentiate between histological subtypes of simple steatosis,
NASH and further stages of fibrosis. Abdominal ultrasound is commonly used for diagnosis of
NAFLD in primary and secondary clinical care settings, benefits of this imaging include a non-
invasive and inexpensive approach with low exposure to radiation. Sensitivity and specificity of

ultrasonography has been reported as 60-90% and >90%, respectively, in patients who are not
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obese. The main limitations of ultrasonography are that it is operator dependent which may result
in inter- and intra-user variability, and in morbidly obese patients with <33% IHL content sensitivity

of the test is limited.

Whilst CT can be useful for assessing hepatic steatosis in specific clinical cases, it has limited
accuracy for detecting mild steatosis with the potential hazard of radiation exposure.!? Decreased
liver attenuation on CT typically suggests hepatic steatosis and the mean liver-to-spleen ratio has

been validated with a sensitivity of >80%.
1.1.6.2 Proton Magnetic Resonance Spectroscopy ('H-MRS)

Proton magnetic resonance spectroscopy ('"H-MRS) is the gold standard imaging technique used to
detect NAFLD. This method is superior to others in quantifying IHL accurately and non-invasively,
and has been proven to provide consistent quantitative measures of hepatic steatosis; sensitivity
88% and specificity 93%."7 1°® The main limitation of 'H-MRS is that it is expensive and not

broadly available in clinical practice, therefore its current use is limited to research.!*’
1.1.6.3 Transient Elastography (TE)

Transient Elastography such as Fibroscan® is routinely used in the clinical setting as a rapid and
non-invasive measure of liver stiffness. It is most effective at quantifying liver fibrosis using pulse-
echo ultrasound, a technique equipped with a probe that transmits a vibration of mild amplitude and
low frequency to the tissue inducing an elastic shear wave to propagate through the tissue. The
pulse-echo ultrasonic acquisitions then measure the wave velocity, which is indicative of liver tissue
stiffness. The faster the shear wave propagates, the harder the tissue.’”® Meta-analyses have
suggested that liver stiffness measure (LSM) quantified from Fibroscan® is most reliable in
assessing advanced liver fibrosis and early cirrhosis in chronic liver disease,?*! and while it may be
useful, it is considered less accurate in NAFLD patients. Hepatic steatosis may decrease the elastic
sheer wave passing through the tissue, though it does not affect the underlying speed used to
measure LSM. Studies have shown a positive correlation between LSM and severity of fibrosis in
NAFLD patients. Establishing stage of fibrosis in NAFLD patients is important in clinical
perspectives because these patients are at high risk of developing rapid and asymptomatic
complications. Fibroscan® is quick and easy to perform, relatively inexpensive and non-invasive,
and results do not rely on subjective interpretation. However, a considerable limitation of measuring

LSM in this group is the failure to obtain accurate results with increased BMI.

Controlled attenuation parameter (CAP) is a more recent imaging technique which uses a TE
(Fibroscan®) probe and relies on the assumption that steatosis affects ultrasound propagation

202

measures.”~ Initially, studies reported this technique to have good accuracy and sensitivity for

imaging, even in patients with low levels of steatosis.?”": ?* Subsequent prospective studies,
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however, have reported lower accuracy.?” Therefore, validation of CAP is required in specific

etiologic groups and histological features specific to NAFLD aetiology need to be considered.
1.1.6.4 Liver Biopsy

Liver biopsies remain the gold standard diagnostic tool for NAFLD as they provide a direct measure
of disease severity.?** 2% However, there are several limitations in performing this invasive, costly,
labour intensive procedure on individuals presenting with elevated liver enzymes in the face of no
proven pharmacotherapies. Liver biopsies are performed when there is a need to gather more

comprehensive information of a patient presenting with some, if not all, of the following;
elevated alanine aminotransferase (ALT) more than twice the normal concentration;
elevated aspartate aminotransferase (AST) greater than ALT;
moderate visceral adiposity;

T2DM or impaired glucose tolerance;

206, 207

and hyperlipidaemia.

Various scales have been developed to describe the stages of liver damage from results of liver
biopsies. Brunt et al. (1999)* developed a commonly used five-stage scale to encompass all grades

of liver damage;

Stage 0 — absence of fibrosis;

Stage 1 — perisinusoidal or portal fibrosis;

Stage 2 — perisinusoidal and portal/periportal fibrosis;
Stage 3 — septal or bridging fibrosis;

Stage 4 — cirrhosis.?*®

The NAFLD activity score (NAS) represents features of active liver injury and is used to grade
reversible injury. The score is comprised of steatosis (0-3), lobular inflammation (0-3) and
ballooning (0-2), and the unweighted sum (0-8) is used to grade activity. The NAS was developed
for its use in intervention studies to demonstrate changes in histology before and after therapy.'%
Fibrosis is separated from the NAS score because it is considered to be less reversible and dependant

on disease activity.?”

Histopathological presentation of NAFLD resembles alcoholic fatty liver disease (ALD), and is
only differentiated by rigorous assessment and exclusion of alcohol consumption as the cause of
liver damage.?!® Although liver biopsy can provide comprehensive clinical assessment of the state
of the liver, diagnosis of NAFLD versus ALD is not possible from histopathological examination
alone.'* Besides excess alcohol consumption, NAFLD is distinguished from ALD by serum

ALT/AST ratio, whereby; ALT is greater than AST in NAFLD, and the reverse is most often
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observed in ALD. Use of liver enzymes to diagnose and/or differentiate between liver disease is
limited, as NAFLD progresses to NASH (with fibrosis) ALT levels may drop causing the offset of
ratios. Serum AST has also been poorly correlated with histological activity. Liver enzymes should
be interpreted with care and not used to guide diagnosis of significant liver disease. Liver biopsy is
the only diagnostic procedure that can identify steatosis from steatohepatitis, while also classifying

the grade/severity of liver disease.*!

The histological stage of NAFLD at time of presentation will determine the prognosis of disease.
Clinical evidence indicates that 1-2% of patients presenting with simple steatosis have moderately
benign liver disease and are likely to develop cirrhosis over 15-20 years.?* Alternatively, patients
who present with NASH and fibrosis are at increased risk (~12%) of developing cirrhosis within 8-

years. 2%
1.1.6.5 Common Biomarkers for the Diagnosis of NAFLD

Traditionally, elevated liver enzymes were the first indication of abnormalities in liver function and
further investigation often resulted in subsequent diagnosis of NAFLD. Mildly elevated serum ALT
is the first abnormality observed in patients with NAFLD indicating increased risk of liver
dysfunction. However, substantial evidence has shown that up to 78% of patients with NAFLD may
display normal liver enzymes and entire histological presentation of NAFLD has been observed in
some patients with normal ALT values.?'" 2> A diagnosis of minimal liver fibrosis has been
associated with AST/ALT ratios of less than 1, while a ratio greater than 1 has been associated with
development of cirrhosis.” No single biomarker can confirm diagnosis of NAFLD, nor distinguish
between steatosis, NASH and/or fibrosis.?!> Serum gamma-glutamyl transferase (GGT) is often
elevated in patients with NAFLD, though it is not solely used for diagnosis of NAFLD.! Increased
levels of GGT have been associated with advanced fibrosis, specifically, in a group of 50 patients
with NAFLD a cut-off value of 96.5U/L predicted advanced fibrosis; 83% sensitivity and 69%
specificity.?!* Alkaline phosphatase (ALP) is rarely used to assess risk or development of NAFLD,
it is sometimes slightly elevated in NAFLD patients.?'* Up to 50% of patients with NASH have
elevated levels of ferritin and approximately 10% have elevated transferrin, however the role of

ferritin, transferrin and hepatic iron in the pathogenesis of NASH is uncertain.’

The need for novel biomarkers to support the diagnosis of NAFLD is acknowledged by
investigators given the low predictive value of non-invasive tests, the lack of current measures’
capacity to distinguish between simple steatosis and more advanced inflammation or fibrosis, the
high cost of testing and the risks associated with liver biopsy.'* ¢ Ideally, novel biomarkers will
provide a screening and monitoring tool for NAFLD, as well as a predictor of disease progression

and prognosis.
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1.1.6.6 Inflammatory Markers in NAFLD

Chronic low-grade inflammation has been identified as an underlying feature of metabolic
disorders, and has increasingly been associated with the development of hepatic steatosis and
progression to NASH.!? Investigators have proposed that markers of inflammation may be used as
potential diagnostic tools, though the current evidence for inflammatory markers is limited by lack
of reproducibility and specificity in hepatic outcomes, as well as the unclear role of cytokines and

adipokines in advancing liver damage, and consistent response to therapeutic interventions. '

Of the inflammatory markers (cytokines and adipokines) introduced earlier; CRP lacks specificity
for hepatic outcomes and clinical and prognostic implications are unclear,'> the extent to which
adiponectin, TNF-a and IL-6 are markers of hepatic fibrosis and liver injury and not a direct effect
of more severe insulin resistance or increased adiposity is yet to be established,®? and the degree to
which leptin and resistin correlate with steatosis or fibrosis has not yet been identified.!® 77
Evidence for the use of inflammatory markers in monitoring the progression of NAFLD over time,
it’s response to dietary or other therapeutic interventions and determining prognosis of the disease

is required prior to using a novel inflammatory biomarker for diagnostic purposes.
1.1.6.7 Non-invasive Scoring Systems

There are various scores that have been developed to detect and/or predict NAFLD which utilise
non-invasive markers such as biomarkers, anthropometry and demographics. Briefly, the Fatty
Liver Index (FLI) score was derived from the population of the Dionysos Nutrition & Liver Study
and incorporates BMI, waist circumference, triglycerides and GGT, to calculate a score between 0
and 100.2'> The score, derived from routine clinical measurements, was designed to assist the
selection of patients to be referred for ultrasonography and to identify patients in need of more
intensified therapeutic treatment.?'® The accuracy of detecting fatty liver is 0.84 (95% C10.81-0.87)
and the FLI has been widely used in epidemiological studies, where ultrasound or imaging data is
not available in large population datasets.?'>*!” The same research group also developed a simpler
measure of steatosis, the Lipid Accumulation Product (LAP), which is calculated using waist
circumference and triglycerides. The LAP is reasonably accurate (accuracy of 0.8), though requires

validation in independent groups.?'®

Kotronen et al. (2009) developed the NAFLD Liver Fat Score which was derived from a Finnish
population includes the presence of the MetS and T2DM as variables, as well as fasting insulin,
AST and AST/ALT ratio. This score predicted increased liver fat content with sensitivity of 86%
and specificity of 71%.%"” Both of these scores were intended to be simple, reasonably accurate non-
invasive predictors of liver steatosis and although they have been tested against ultrasonographic
methods, they do not include any liver tissue tests (ultrasound, biopsy or other). These scores are

commonly used in research to select and monitor patients for epidemiological studies.?'® Other
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scoring systems have been developed for the staging of NAFLD fibrosis, however these scores will

not be reviewed for the purpose of this thesis.

1.1.7 Management Strategies

The current management strategies for individuals diagnosed with NAFLD are targeted at lowering
metabolic risk factors, comorbidities and treating liver disease. Individuals who are at-risk of
developing NASH should be referred to appropriate health clinicians for comprehensive assessment
and optimal management, often delivered in collaboration with a multidisciplinary team to manage
treatment strategies. Current interventions aimed at reducing risk of disease progression in
individuals presenting with NAFLD fall into three categories: surgical, pharmacotherapy and

lifestyle.
1.1.7.1 Surgical

In obese (or morbidly obese) patients who do not respond to lifestyle changes or pharmacotherapy,
bariatric surgery is one strategy that may reduce weight and metabolic complications.*®22° Bariatric
surgery is rarely indicated as the primary option for hepatic disease and the effect of bariatric
surgery on NAFLD-associated liver injury and associated metabolic risk factors are not fully
known. Three published meta-analysis’ have investigated the effects of bariatric surgery on weight
and metabolic risk in patients with NAFLD, though results are inconsistent.??!*2> Mummadi et al.
(2008) extracted data from 15 studies and total of 766 paired liver biopsies, which showed the
pooled proportion of patients with complete resolution in histopathologic NASH after surgery was
69.5% (95% CI, 42.4%-90.8%).2*? Similarly, Fakhry et al. (2008) reported an 88% post-operative
improvement of steatosis (95% CI, 0.80-0.94) and a 30% improvement or resolving of fibrosis (95%
CI, 0.21-0.41) in 2,374 patients with NAFLD across 21 studies.?** More recently, a comprehensive
review of 32 studies comprising of 3,093 biopsy specimens reported biopsy-proven resolution of
steatosis in 66% of patients (95% CI, 56%—75%) and resolution of fibrosis in 40% (95% CI, 29%—
51%).** However, histologic worsening or development of new features of NAFLD (such as
fibrosis) was reported in 12% of patients (95% CI, 5%—-20%).?** Currently, there is not substantial

evidence to recommend bariatric surgery as a first-line therapy for NAFLD.
1.1.7.2  Pharmacotherapy and Supplementation

Although clinical trials are ongoing, there is no approved safe, effective pharmacotherapy for
NAFLD or NASH. High-quality evidence using randomised controlled trial study designs, that are
powered to determine change in liver histology and can establish long-term efficacy or safety of the

pharmacologic agent, are few.

46, 225, 226 ().

Briefly, current recommended pharmacotherapies for NASH/NAFLD in guidelines
guidance® include vitamin E, pioglitazone, metformin, glucagon-like peptide-1 receptor agonists

(GLP-1RAs) or statins.??’ Vitamin E has been proposed in the treatment of NASH, as it may reduce
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oxidative stress and improve serum transaminase activities and insulin resistance.??” Although some

228, 229

clinical trials have reported superior effects for vitamin E on NASH histology, vitamin E

230

treatment may cause toxicity and increase all-cause mortality,** prostate cancer®' and

22 with long-term or high-dose use.??” Treatment of NASH with vitamin E

haemorrhagic stroke
should be considered in lower-doses and monitored. Anti-diabetic/insulin-sensitizing and lipid-
altering agents have also been explored for treatment of NAFLD/NASH. The key problem in
administering drugs such as pioglitazone, metformin, GLP-1RA (anti-diabetic/insulin-sensitizing
medications) or statins (lipid-lowering agents) is lack of data regarding improvement in liver
enzymes and histology in patients with NAFLD or NASH.?*” Moreover, prospective randomised
controlled trials (RCTs) are difficult to perform due to conflicting preliminary results from pilot
drug studies.’”” Ideally, pharmacological treatments for NASH should have weight-reducing
efficacy, lower risk of CVD-events, prevent HCC, as well as being cost effective and improve
QOL.? The most significant question posed by investigators is at which point in NAFLD/NASH
pharmacologic treatment is warranted. A recent meta-analysis of five adult NAFLD cohort studies
determined that the presence of advanced fibrosis (>stage 2) was the most important predictor of
liver-related mortality in NAFLD patients.”** Guidelines from the American Association for the
Study of Liver Diseases suggest that pharmacotherapies should be limited to patients with NASH
and fibrosis,* and patients with non-aggressive type of NAFLD or NASH (stage 0) do not require

liver specific treatments.

Promising supplements such as omega-3 (n-3) fatty acids (FAs), vitamin D and probiotics have
been increasingly investigated as therapeutic agents for the treatment of NAFLD.??” n-3 FAs bear
lipid-lowering and anti-inflammatory effects, and a recent systematic review and meta-analysis of
22 RCTs found that n-3 PUFA supplementation also significantly reduced total triglyceride, total
cholesterol, HDL-c and BMI compared to placebo.??> Authors of this review established, however,
that many of the included RCTs were high in risk of bias and contained small sample sizes.
Moreover, there were no histological improvements observed in the studies and dose-dependency
remained unknown.?* A recent systematic review and meta-analysis of ten trials with a total of 544
NAFLD participants assessed vitamin D supplementation on liver enzymes and cardiometabolic
risk factors.”*® The study found that whilst supplemental vitamin D was effective in improving
glycaemic control (fasting glucose, insulin, and HOMA-IR), there was no significant effect of
vitamin D on liver enzymes or lipid profiles.?*® A systematic review of 28 clinical trials assessed
the use of probiotics in NAFLD and found that overall, probiotic therapy had beneficial effects of
BMLI, liver enzymes, HOMA-IR and total cholesterol, but not fasting glucose, lipid profiles or TNF-
a.?7 Similar to the aforementioned supplementation studies, the results for probiotic treatment were
ascertained from small sample sizes over a short duration of intervention (<6-months).**’ Higher
quality, long-term RCTs are warranted to investigate liver steatosis, indexes of liver fibrosis and

inflammatory markers, to establish a comprehensive evidence-base for the efficacy of n-3 FA,
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vitamin D and probiotic supplements in the treatment of NAFLD. This evidence will further inform

the development of relative practice guidelines.
1.1.7.3 Lifestyle Intervention and Weight Loss

Lifestyle modification remains the first-line therapy for patients with NAFLD. Dietary intervention
resulting in weight loss can improve hepatic steatosis, liver enzymes and IR in patients with
NAFLD.?% 2 In a systematic review of 24 studies, researchers assessed the efficacy of diet and
physical activity (PA) interventions in NAFLD, finding that while all studies resulted in significant
reductions in steatosis and/or markers of NAFLD activity, combination (diet and PA) interventions
were most effective at improving NAFLD.?* Evidence from the intervention studies indicated that
weight loss of 5% total body weight improved hepatic steatosis, whereas 7-10% lead to significant
improvements in histological NASH (NAS activity score).?** Studies that achieved a greater amount

),240 and it is known that a dose-

of weight loss used hypocaloric or very-low calorie diets (VLCDs
response curve exists wherein the greater amount of energy restriction and weight loss, the more
significant improvement in histopathology of all features of NASH.*> Another systematic review
which included eight RCTs investigated the effects of diet and lifestyle interventions on IR in
patients with NAFLD. Authors found that intervention groups which modified diet alone or
included diet and PA were effective in reducing HOMA-IR scores by up to two units but did not
achieve significant weight loss in patients with NAFLD, whereas lifestyle interventions which
incorporated an energy-restricted diet most often resulted in weight loss and a reduction in HOMA -
IR in overweight and obese patients with NAFLD.?*® From this review it remained unclear which
diet and lifestyle intervention was most effective in lowering IR in patients with NAFLD. However,
authors conclude with a more important aim for future studies, in that the optimal composition of
diet or diet and PA models for achieving metabolic health benefits and physiological effects of

hypocaloric diets in this population are yet to be established. 2**

Diets which include a calorie-deficit (or energy-restriction) to induce weight loss have been
investigated as “intervention diets” in NAFLD populations, in that the duration of an intervention
study is typically no longer than 6-months. Data for the sustainability of energy-restricted or
hypocaloric diets, as well as the weight loss that they induce, is not widely reported in NAFLD.
One prospective study in patients with NAFLD reported that only 50% of patients were able to
achieve 7% weight loss by 12-months.>*! It is a difficult and often unattainable task for patients to
adhere to a calorie restricted regimen (with or without PA) and sustain weight loss in the long
term,*** and loss to follow-up or missed appointments is frequent in the clinical setting.*” Therefore,
lifestyle interventions should also aim to provide hepatic and cardiometabolic benefits, independent
of weight loss. Traditionally, the specific macronutrient composition of diet was considered less
relevant than the result of diet-inducted weight loss. However, in more recent years it is understood
that in order to improve sustained weight loss through diet and lifestyle interventions, the specific
role of nutrition (macro- and micronutrients along with type of diet and calories) on clinical
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outcomes needs to be considered. While the optimal dietary pattern for management of NAFLD has
not yet been defined, key guidelines such as the EASL-EASD-EASO Clinical Practice Guidelines
for the Management of NAFLD acknowledge that the Mediterranean Diet has had superior effects
on liver fat when compared to a low-fat/high-carbohydrate diet.*® These guidelines recommend that
macronutrient composition should be adjusted according to the Mediterranean diet.*® Indeed,
additional research investigating diet and lifestyle interventions such as the Mediterranean Diet are
needed to support long term weight reduction and maintenance, whilst efficiently lowering hepatic
steatosis, inflammation and mediating metabolic processes without reliance on weight loss.?** Well-
powered, rigorous, long-term prospective studies with primary histopathologic endpoints are

required to document and compare diets with differing macronutrient compositions.

While there are no specific PA recommendations for patients with NAFLD, an active lifestyle is
encouraged by guidelines and practitioners.”> In the aforementioned systematic review,
combination interventions (diet and PA) were more effective in improving NAFLD and achieving
weight loss, compared to diet alone.?** Most of the protocols involved moderate-intensity exercise
for 30-60 min on 3-5 days per week.?** Benefits have been described for both resistance and aerobic
exercise for NAFLD, there is no consensus concerning type of exercise in the current guidelines.?*°
Ultimately, avoiding a sedentary lifestyle is important in limiting the accumulation of adipose tissue

and metabolic disturbances that may impact liver health.>*

1.2 Habitual Dietary Intakes in NAFLD

Dietary intake of individuals who develop NAFLD is characteristically high in saturated fat,
cholesterol and refined carbohydrates.?*> Highly processed food and beverage items, usually high
in added sugar, contribute to excess total energy and fructose intake in this population.?*® Generally,
studies report lower intakes of fruits and vegetables, dietary fibre and antioxidants and omega-3 in
individuals with NAFLD.?* These diet characteristics are implicated in the development of
metabolic abnormalities and chronic disease, and not only promote the improper storage of fat in
adipose tissue but also aid inappropriate release of fatty acids into circulation leading to hepatic
steatosis and activation of inflammatory pathways. Epidemiological studies have reported that
consumption of unhealthy diet patterns and adoption of a sedentary lifestyle significantly increase
the risk of developing NAFLD, the severity of the disease and its progression to NASH.?” In
particular, globalization of a ‘Western Diet’ characteristically higher in red and processed meat,
sweets and desserts, fried food, and refined grains is associated with an increase in the prevalence
of NAFLD in developing nations, a trend that is increasingly likely to be observed in Asia in the
coming years.?*” There is a positive correlation between the Western dietary pattern and level of
CRP.>*” Moreover, a Western Diet increases chronic underlying inflammation and raises the risk of

developing T2DM, NAFLD and CVD.?#: 24
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1.2.1 Dietary Approaches to the Management of NAFLD

Previous literature has focused on finding associations between the consumption of specific
nutrients and/or reliance on certain food groups with detrimental effects to liver health, and
subsequent clinical trials largely aimed to understand the effects of these isolated components. This
data assists researchers and clinicians to understand the complexity of the pathogenesis of NAFLD
and the need to assess dietary intakes and to understand the mechanisms of macro- and
micronutrients in the development and progression of hepatic steatosis. However, this method does
not provide a holistic dietary approach for the prevention and treatment of NAFLD.?% 25! In more
recent observational cohort and RCTs, the role of whole of diet approaches and dietary patterns are
increasingly considered in improving clinical characteristics of NAFLD.* 3% 252 Since NAFLD is a
multifactorial disease, the complex and synergistic effects of nutrient interactions may be important

for the improvement of not one, but many NAFLD related outcomes.
1.2.1.1 Healthy Dietary Patterns

Various ‘healthy’ dietary guidelines are recommended in the context of managing NAFLD,
including; the American Heart Association (AHA) guidelines,”® the National Cholesterol
Education Program (NCEP)** and the Dietary Approaches to Stop Hypertension (DASH).>
Dietary intervention studies supporting the usefulness of these guidelines for outcomes of hepatic
steatosis and inflammation in NAFLD cohorts are reported in a systematic literature review

published and embedded in this thesis by the doctoral candidate 2°° (Section 1.2.5).

Briefly, the AHA typically focuses on three aspects or risk factors of heart disease; high cholesterol
intake, high blood pressure and excess body weight.?** The basic recommendations set by the AHA
are to consume fish twice a week, avoid trans-fatty acids, limit intake of saturated fatty acid (SFA)
to <10% total energy (or calories) and limit cholesterol intake to <300mg/d. As part of a joint
statement for the Diagnosis and Management of the Metabolic Syndrome the AHA and the National
Heart Lung and Blood Institute (NHLBI) further advise maintaining a total fat intake of 25-35%
total energy (or calories) while further decreasing SFA to <7% total energy (calories), decreasing
intake of simple sugars and increasing intakes of fruits and vegetables.'”® Recommendations set by
the AHA target dietary patterns known to be problematic for people who develop NAFLD and are
therefore suitable for those with NAFLD.

The NCEP Adult Treatment Panel III or Therapeutic Lifestyle Change diet was developed and
modified to address the increasing incidence of CHD and targeted at individuals considered “high-
risk””.2* The NCEP dietary guidelines recommend total fat intake of 25-35% of energy intake (<7%
SFA, up to 10% PUFA and up to 20% MUFA), carbohydrate intake of 50-60% of energy intake
and protein intake ~15% of total energy.?** It is also recommended that cholesterol intake be limited
to <200mg per day, sodium intake to <2400mg per day and intake of fibre up to 20-30g per day.
These dietary changes, with an increase in physical activity, are expected to lead to weight reduction
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and maintenance of a healthy weight.?** Few studies have investigated the effects of an NCEP Adult
Treatment Panel I1I therapeutic lifestyle-change diet in NAFLD, and the two studies that have, also

supplemented diet groups with either L -carnitine®’

or Bifidobacterium longum with fructo-
oligosaccharides (Fos)*® versus placebo. The first study found that diet alone and diet with L-
carnitine decreased NASH-activity score by at least two points, though L-carnitine had a
significantly greater effect than placebo.?’. Similarly, the NCEP diet alone or with supplementation
of Bifidobacterium longum with fructo-oligosaccharides (Fos) resulted in significantly reduced
NASH activity score in both groups, and again the effect was significantly greater with
supplementation compared to placebo.?*® The NCEP/Therapeutic Lifestyle Change diet guidelines

may be beneficial for management of NAFLD, though longer term diet-only studies are required to

support initial findings for hepatic and inflammatory outcomes.

The DASH eating plan was created for the purpose of reducing blood pressure in the management
of hyptertension;>* 2 however, its beneficial effects on metabolic profiles, biomarkers of
inflammation and oxidative stress have also been reported in T2DM.?"- 262 The basic principles of
the DASH diet follow the United States Department of Agriculture (USDA) Dietary Guidelines,
which focus on consuming a wide variety of fruit, vegetables and wholegrain products and low
intake of “discretionary” products.?®® The USDA recommendations are customised to body size and
activity level but do not address weight reduction or the needs of individuals with metabolic
abnormalities..”®® Recently, large epidemiological studies have shown that higher DASH scores
were inversely associated with NAFLD risk and liver fat content.’*2% Intervention studies
exploring the efficacy of the DASH diet for management of NAFLD are lacking. One RCT has
tested the effects of a DASH diet versus energy-restricted diet in patients with NAFLD, reporting
significant improvements in body weight, liver enzymes, insulin sensitivity, lipid profile,
inflammatory markers and oxidative stress in the DASH diet group compared to the energy-
restricted diet.?>> Short-term, controlled studies have reported the effectiveness of the DASH diet
in other outcomes, such as lowering hypertension, however long-term and/or real-world studies are
lacking due to the restrictiveness and low palatability of the diet.?%% 2® Associations between the
DASH diet pattern and NAFLD are promising, however intervention studies are warranted for it to

be considered a reasonable approach in the management of NAFLD.

Low-carbohydrate diets (~<40% total energy from carbohydrate) promote rapid weight loss along
with improvements in IR and associated MetS components, and are therefore considered a potential
treatment option for NAFLD.?*” A meta-analysis of four studies found that low-carbohydrate diets
(<50% total energy from carbohydrate) significantly decreased liver fat content in 50 adults with
NAFLD.?®® While studies have shown effective short-term effects of a low-carbohydrate diet, the
lack of impactful long-term studies and high drop-out rates in published RCTs indicate that
adherence to these diets may be difficult and may actually promote the re-development of metabolic

outcomes experienced in NAFLD.?” Alternatively, moderate carbohydrate diets may be more
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palatable and are reported to lower liver enzymes in individuals at risk of NAFLD, whilst improving
liver histology in individuals diagnosed with NAFLD.2%-27° A study of 68 outpatients who followed
either a low carbohydrate or moderate carbohydrate hypocaloric diet for 12-weeks reported weight
and adipose tissue loss was similar between the two groups, and fasting blood glucose, cholesterol
and triglycerides significantly decreased almost identically in both groups.?”! Fasting insulin
decreased to a greater extent in the low carbohydrate diet compared to moderate carbohydrate
diet.?”" Based on the findings of these studies moderate carbohydrate restriction (~40-50% total

energy from carbohydrate) may be a reasonable option for NAFLD patients to sustain.

1.2.2 The Low-Fat Diet

The Low-Fat Diet (LFD) is recommended in the current Australian Dietary Guidelines and
Australian National Heart Foundation guidelines.!”" 2> The LFD is recommended to patients
presenting in an Australian clinical setting for management of NAFLD, though there remains a

paucity of evidence for the diet in NAFLD patients.

Restriction of dietary fat was routinely recommended for patients diagnosed with NAFLD, as the
amount of dietary fat consumed was thought to be directly proportionate to IHL accumulation.*
Diet can significantly alter liver composition and similar to low-carbohydrate diets, low-fat diets
tend to induce weight loss due to the restriction of energy. A study of 170 overweight and obese
individuals randomised to either a low-fat or low-carbohydrate diet indicated that both diets
decreased THL content, total body and visceral fat and body weight.?”> There was also a reduction
in insulin resistance following both diets. Observed changes were irrespective of dietary
composition and appeared to be independent of visceral fat or insulin change.?”® In a similar study
by De Luis et al. (2010),>™* 162 obese individuals were recruited, of whom 28 had NAFLD, and
placed on a LFD or low-carbohydrate diet for 3-months. Researchers found that both diets induced
similar amount of weight-loss (4-5%) and decreased IR to a similar degree. Furthermore, weight-
loss was associated with a reduction of anthropometric measures, fasting glucose, total cholesterol,
LDL-c and IR..*’* Within the clinical setting, low-fat dietary intervention remains the mainstay
treatment for NAFLD, though the confounding influence of weight-loss means that the effects or
benefits of nutrient composition on drivers of pathogenesis — such as inflammation — remain

relatively unexplored.?”

1.2.3 The Mediterranean Diet

Recently, the Mediterranean Diet (MedDiet) was recommended as the optimal dietary pattern in the
management of NAFLD by the EASL-EASD-EASO Clinical Practice Guidelines.* The MedDiet
is increasingly studied and reported in the literature across a number of countries, ethnicities and
diseases or comorbidities. Whilst adherence to MedDiet has been associated with lower rates of

NAFLD and improved hepatic and metabolic outcomes,?’® data supporting the MedDiet in NAFLD
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from non-Mediterranean countries is still needed.?””> 2”8 Despite this, it is important to consider the
basis of the traditional diet and its key components in order to fully understand its health benefits

and functional effects.

The MedDiet was first described in the late 1950°s by Keys and colleagues,?” who identified the
cardioprotective effect of traditional dietary patterns across ‘Seven Countries’ that surround the
Mediterranean Sea; Spain, Italy, Greece, Turkey, North Africa, Lebanon and Israel. This study
found that the incidence of coronary heart disease (CHD) was particularly low in Greek Island of
Crete, owing to low content of saturated fat in the MedDiet and high consumption of plant foods
and olive oil abundant in unsaturated fats.?’” Thus, the Cretan Diet is considered a ‘traditional’
Mediterranean dietary pattern which Keys himself described as a diet rich in whole grains, fruit,
vegetables, and low in meat and processed foods, with a considerable amount of fat deriving from
olive oil and nuts. This dietary pattern seemed to be a possible determinant of the wide difference
in CVD prevalence between Mediterranean cohorts and the Western population in the Seven

Countries Study.?”

Since the Seven Countries Study, many cohort studies and clinical trials have continued to explore
the beneficial effects of the MedDiet and its key diet components.?**-282 The MedDiet is largely
plant-based and emphasises consumption of wholegrains and legumes, vegetables (particularly wild
leafy greens, tomatoes, onions, garlic and herbs), fruits and nuts.?*?% The main culinary fat is extra
virgin olive oil (EVOOQ), with little to no consumption of butter or margarine products. Protein from
animal sources is advised through increased intake of fish and seafood, and moderate intake of
poultry and eggs.?®* 24 Natural dairy products, mostly in fermented forms of yoghurt and cheese
(feta), are consumed in moderate to low amounts along with minimal consumption of red meat.
Processed foods and beverages are typically not consumed, and desserts or baked goods should be
mostly homemade, consumed in small amounts and limited to special occasions. One serve of nuts
or dried fruit (approximately 30 grams) may be consumed daily, as the most frequently chosen
dessert. Wine (red wine) is allowed in moderation of one glass per day to be consumed with a meal.
The MedDiet is characterised by a high ratio of monounsaturated fatty acids (MUFA) to saturated
fatty acids (SFA) and although it is a high-fat diet (35-45% energy derived from fats), contains
specific dietary components which reduce inflammation and oxidative stress, and may alter body

283, 284

composition in the absence of weight loss. Namely, MUFA, omega-3 polyunsaturated fatty
acids (PUFA), fibre, polyphenols, antioxidants including Vitamin E and C, and minerals such as
zinc and selenium are nutrients and bioactive compounds contributing to the diets anti-
inflammatory and anti-oxidant potential.?®> Traditionally, cultural identity, hospitality and cooking
methods were key components in the MedDiet pattern. Cooking methods have been identified as
an important element of the diet, which enhance the synergistic effects and nutritional benefits of

individual food components.?®! A good example of this is the sofrito method; cooking of EVOO
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with onion, garlic and tomatoes over low-medium heat, which allows for considerable increases in

the absorption of lycopene (a carotenoid with anti-oxidant properties).¢

In recent years an increasing number of studies have been published showing the beneficial effects
of the MedDiet for treatment of hepatic steatosis in NAFLD.*® A few observational studies and
clinical trials have provided evidence for the MedDiet as a therapy for NAFLD. In Spain, a
prospective cohort study placed 14 obese men with ultrasound-proven NAFLD on a “Spanish
Ketogenic Mediterranean Diet” which resulted in complete fatty liver regression (21.4% of the
patients), an overall reduction in 92.86% of patients (p <0.001) and significant BMI, AST and ALT
reductions (p <0.001) after 12-weeks.?’ In Italy, a prospective study by Trovato et al.>’® placed a
larger emphasis on cognitive-behavioural strategies and nutritional counselling rather than the
composition of diet, and found that by using these strategies to encourage greater Adherence to the
MedDiet Score (AMDS), significant decreases in hepatic fat (bright liver score), BMI and HOMA-
IR (p <0.001) were observed. Meanwhile, another prospective study in Italy which administered a
calorie-restricted MedDiet to 46 adults with ultrasound-proven steatosis showed that diet was
effective in reducing the 52% of patients with severe steatosis to only 9%, with a remission of
steatosis in 20% of the entire cohort.”®® Furthermore, fatty liver index decreased significantly (p
<0.01), as did liver enzymes ALT, AST and GGT.?® This study also highlighted the benefit of
nutritional counselling which was reported to increase adherence to the diet and lifestyle regimen.?®
The impact of adherence to the MedDiet on severity of NAFLD was explored in a case-control
study which found that the MedDiet score was inversely correlated with serum ALT (p =0.03),
insulin levels (p =0.001), HOMA-IR (p =0.005) and severity of steatosis (p =0.006) and positively
associated with serum adiponectin concentration (p =0.04).2* Patients with NASH had significantly
lower MedDiet adherence scores (p =0.004) than patients with simple fatty liver, and regression
analyses revealed that a one unit increase in the MedDiet score would predict a 36% reduction in
the likelihood of having NASH (OR: 0.64, 95% CI: 0.45-0.92), after controlling for sex and visceral

adipose tissue.?*’

In Italy, researchers randomised patients with ultrasound-proven NAFLD to either; a low-calorie
MedDiet, a low-calorie MedDiet with anti-oxidant supplements or a control which was the
participant’s usual diet (i.e., no treatment or intervention).?*® At 6-months, significant reductions in
hepatic fat, (p =0.0001), fatty liver index (p <0.01), BMI (p =0.0001) and lipid profile (p <0.001)
were reported in both MedDiet groups but not in the control group.?® A variation of the MedDiet
was investigated in another Italian study of NAFLD patients and it was found that a Low-Glycaemic
Index MedDiet, not energy restricted, was effective in reducing fatty liver index and ALT (p
<0.05).>! In Greece, a randomised controlled single-blind clinical trial was conducted in
overweight/obese patients with ultrasound-proven NAFLD. Participants were randomised to either
a MedDiet, Mediterranean Lifestyle (ML; MedDiet with physical activity, optimal sleep and mid-

day rest recommendations) or control group and followed up for 6-months.?*? Following
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intervention, greater reductions in BMI (p =0.008) and liver stiffness (p =0.02) were observed in
MedDiet and ML groups compared to control.?*> Most recently, a large clinical trial involving 278
participants with abdominal obesity, dyslipidemia and NAFLD diagnosed by MRI compared a low-
fat diet to a Mediterranean, Low-Carbohydrate (MD/LC + 28 g walnuts/day) diet with or without
moderate physical activity (PA).2> Consequent decreases in hepatic fat content were similar across
low-fat and MD/LC groups who undertook PA, however after controlling for changes in visceral
adipose tissue the MD/LC group had greater reductions in hepatic fat content (p =0.036) and greater
improvements in cardiometabolic risk markers (p <0.05). Further analyses showed that after
controlling for visceral adipose tissue loss, reductions in hepatic fat content were independently
associated with reductions in liver enzymes and glycated haemoglobin.?”> Additionally, an 18-
month lifestyle intervention of 278 participants with abdominal obesity/dyslipidemia in Israel tested
the effects of a low-carbohydrate MedDiet compared to a LFD, and found that the low-carbohydrate
MedDiet significantly reduced hepatic fat content to a greater extent than the LFD, and this change
was independent of VAT reduction.?** The MedDiet was also associated with greater reductions in
cardiometabolic risk markers than the LFD, though the difference was non-significant when
controlling for the change in hepatic fat and remained significant after controlling for VAT and
weight loss.?”* Thus, a low-carbohydrate MedDiet may elicit beneficial effects on cardiometabolic
risk markers via decreases in hepatic fat content, rather than solely being mediated by loss of

adipose tissue.

A few small-scale clinical trials have investigated the MedDiet in non-Mediterranean populations,

1.27° randomised 52 obese and

including Australia, with encouraging results. In 2007, Ryan et a
insulin-resistant individuals to a hypocaloric low-fat, high carbohydrate diet or a moderate-fat,
moderate carbohydrate diet for 16-weeks, found that both diets resulted in significant reduction of
body weight, steady-state plasma glucose, circulating insulin and ALT. In 2013, Ryan et al.**
conducted a 6-week cross over study in twelve non-diabetic patients with biopsy-proven NAFLD
who followed either a Mediterranean diet (moderate-fat, moderate carbohydrate) or a low-fat, high
carbohydrate diet. Following dietary intervention, researchers found that although weight loss did
not differ between the two groups, hepatic steatosis and insulin sensitivity both improved in the
Mediterranean diet compared with the low-fat, high carbohydrate diet.?*> More recently, researchers
in Western Australia conducted an RCT in 48 patients with NAFLD to investigate the effects of a
LFD versus MedDiet on hepatic steatosis and CVD-risk factors.?”> Properzi et al. (2018)?” found
that both diets reduced hepatic steatosis, liver enzymes and body weight to a similar degree, while
dietary adherence was higher in the MedDiet group compared to the low-fat group.?’* In comparison
to Ryan et al. (2013) who conducted a tightly-controlled trial including the full provision of meals
over 6-weeks,” Properzi et al. (2018) administered an ad [libitum dietary intervention over a
duration of 12-weeks which may be a key reason for the differences in outcomes previously
outlined.?”> Beneficial effects of the MedDiet in improving hepatic fat content, metabolic

parameters and adiposity have been noted through various international and a few Australian
70



studies, though further investigation is needed to elucidate the mechanisms through which diet
improves the *multi-factorial’ disease, that is, NAFLD. When implementing the traditional MedDiet
in non-Mediterranean countries emphasis should also be placed on customary cooking methods and
lifestyle regimen to truly understand the wholesome dietary pattern and its most beneficial

components, and to identify whether it is feasible to advise across multi-ethnic populations.

1.3 The impact of diet on inflammation in NAFLD

Whilst the impact of dietary intervention and physical activity has been extensively researched and
reported for hepatic and cardiometabolic outcomes, is not well established what the role of these
interventions has on inflammatory outcomes. The extent to which dietary patterns improve or
worsen an inflammatory state may be an important link to identifying the mechanism by which they
contribute to the development and progression of NAFLD.?*® Elucidating dietary sources
responsible for pro- and anti-inflammatory cytokine or adipokine release will inform a more
appropriate macronutrient composition and/or approaches to dietary guidelines, to obtain potential
benefits in terms of reduced inflammation and incidence of NAFLD. Furthermore, finding
additional markers that allow for the evaluation of the degree of liver steatosis or systemic disease
severity is important since the diagnosis of NAFLD is currently invasive or expensive. To identify
whether the MedDiet, or other healthy dietary patterns, have the potential to lower inflammatory
cytokines and adipokines in patients diagnosed with NAFLD the doctoral candidate conducted the

following systematic review.
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1.3.1 Effect of Dietary Intervention on Inflammatory Markers in patients with
NAFLD: A Systematic Review

Appendix 1 contains a published systematic literature review titled “The effect of dietary
intervention with or without co-interventions, on inflammatory markers in patients with non-

2 256

alcoholic fatty liver disease”,”° published in the journal Nutrition Reviews, Impact Factor 6.500.

PUBLICATION

Reddy, A. J., George, E. S., Roberts, S. K., & Tierney, A. C. (2019). Effect of dietary intervention,
with or without co-interventions, on inflammatory markers in patients with non-alcoholic fatty liver
disease: a  systematic literature review. Nutrition  Reviews, 77(11), 765-786.

https://doi:10.1093/nutrit/nuz029
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1.3.2 Update to the Systematic Literature Review: Effect of Dietary
Intervention on Inflammatory Makers in patients with NAFLD

A search for any relevant articles published between January 15, 2018, and November 30, 2020,
was performed by the doctoral candidate. January 15, 2018, is indicative of when the last search
was run for the aforementioned, published review by Reddy et al., (2019). Thus, the date limit was
applied to capture any articles published since the date of the last search. Relevant databases
including MEDLINE Ovid (1946—present), EMBASE Ovid (1947—present), CINAHL (EBSCO),
and the Cochrane Library (Wiley Online Library) were searched using the same search strategy and
eligibility criteria as was published in the doctoral candidate’s systematic literature.?® A total of
1,733 results were retrieved from the database search and 61 were removed as duplicates. Fifty-six
full-text articles were screened, and ten studies were deemed eligible based on the inclusion criteria.
All ten studies were randomised controlled trials (RCTs); one was non-blinded,”’ one was double-
blinded,*”® five were double-blind placebo controlled,?*% two were parallel-group double-

blinded,*** and one was open-label, parallel arm.*%

Of these ten studies, one study compared a soy-protein meal replacement regimen (MR-G) with a
lifestyle-change intervention (LC-G),”’ four compared a hypocaloric diet with a hypocaloric diet
plus supplementation (probiotic, sumac powder, flaxseed oil versus sunflower oil and 2°% 3°1:3%2 and
four studies compared an energy-balanced diet with an energy balanced diet plus supplementation
(prebiotic versus probiotic, nigella sativa seed powder, ginger, and flaxseed, hesperidin, or a
flaxseed-hesperidin mix).?- 3% 303.395 One study placed all participants on a “healthy diet” with
particular focus on adherence to a Mediterranean Diet,**® 3" and moderate physical activity (PA)
and randomised participants to receive either a “active nutraceutical” mix (which contained fish oil
(70 % docosahexaenoic acid), phosphatidylcholine concentrated in sunflower oil, silymarin, choline
bitartrate, curcumin and D-a-tocopherol), or a control (which contained formulation excipients and
matched amounts of choline in the form of bitartrate salt).’®® A trial with four intervention arms
compared an energy restricted high-protein diet (HPD) supplemented with B-cryptoxanthin (BCX),
an energy restricted HPD plus placebo, a standard energy-restricted diet supplemented with BCX
and a standard energy-restricted diet plus placebo.*** Study characteristics, patient population, study
design and prescribed interventions are presented in Table 1.1. The length of interventions ranged
from 12-weeks to 12-months and dietary intervention protocols varied. The nutrient composition,
range of prescribed calorie intake, and PA recommendations are detailed in Table 1.2. Calorie-

restricted diets were either defined as 30% reduction in total calorie intake,?"!

or 500-kcal-per-day
deficit.?*® 32 The energy-balanced diet and PA guidelines used in four studies were according to
Clinical Guidelines for the treatment of Overweight and Obesity.*” The Mediterranean diet

) 306
b

protocol was based on Abenavoli et al. (2018 and PA recommendations were based on a

comparative analysis of guidelines for the management of NAFLD.?"’
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Table 1.1. Characteristics of studies included for the updated systematic review investigating the effects of dietary intervention(s), with or without co-intervention, on inflammatory

markers in adults with non-alcoholic fatty liver disease

Reference Country  Diagnostic Sample, n Study Diet of Interest  2° Diet of 3° Diet of 4° Diet of Int. Inflammatory
method design/LOE, Interest Interest Interest length biomarkers
Qual. Ax measured
Behrouz et al. Iran US and ALT Enrolled RCT/Level ll, Energy-balanced Energy- Energy- 12 wk hs-CRP
(2020)* (n=111), Positive diet plus balanced diet  balanced
completed and probiotic plus prebiotic ~ diet plus
analysed (n=89) supplement and  supplement prebiotic
prebiotic and probiotic  and probiotic
placebo (n=30) placebo placebo
(n=29) (n=30)
Cerletti et al. Italy US and elevated  Enrolled RCT/Level 1, Mediterranean Mediterranea 12 wk hs-CRP
(2020)38 levels of either;  (n=126), Positive diet, physical n diet,
ALT, AST or analysed activity plus physical
GGT (n=113) "active activity plus
nutraceutical placebo
mix" (n=55) (n=58)
Darand et al. Iran Fibroscan using ~ Enrolled (n=50), RCT/Levelll, Energy-balanced Energy- 12 wk hs-CRP, TNF-
(2019)30° CAP score >263  analysed (n=43) Positive diet plus 500mg  balanced diet o, NF-KB
dB/m Nigella sativa plus (starch
seed powder (2g  as) placebo
per day)(n=22) (n=21)
Deibert et al. Germany  USand ALT of  Total (n=22) RCT/Level 1, Meal Lifestyle 24 wk Leptin,
(2019)»7 >20% the ULN Positive replacement change group adiponectin,
group (MR- (LC- resistin, vaspin,
G)(n=11) G)(n=11) fetuin A
Duseja et al. Northern  Liver Bx and Enrolled (n=39), RCT/Levelll, Hypocaloric diet Hypocaloric 12 mo Leptin,
(2019)31 India AST and ALT completed and Positive plus probiotic diet plus adiponectin,
(>1.5 times analysed (n=30) supplement placebo TNF-a, IL-1p,
normal limit for (n=17) (n=13) IL-6, IL-8

>3mo)
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Haidari et al. Iran US Total (n=92) RCT/Level 1, Energy- Energy- Energy- Energy- 12 wk hs-CRP, IL-6
(2020)3%4 Positive restricted High ~ restricted restricted restricted CK18-M65,
Protein Diet High Protein  standard standard adiponectin
(HPD) plus B- Diet (HPD) protein diet ~ protein diet
cryptoxanthin plus placebo  plus B- plus
(BCX) cryptoxanthi  placebo
supplement n (BCX)
Kazemi et al. Iran Fibroscan (grade  Total (n=84) RCT/Level 1l, Energy-deficit Energy- 12 wk hs-CRP
(2020)32 >4 kPa) and Positive diet plus deficit diet
ALT (>1.5x 2000mg sumac plus placebo
upper limit of powder per day  (n=42)
normal) (n=42)
Rafie et al. Iran US and ALT Enrolled (n=50), RCT/Levelll, Energy-balanced Energy- 12 wk hs-CRP, TNF-a
(2020)3%3 (M >30 U/L, completed and  Positive diet plus 3 balanced diet adiponectin
F>19 U/L) analysed capsules of plus 3
(n=46), 500mg ginger capsules of
supplement per  500mg
day (n=23) placebo per
day (n=23)
Rezaei et al. Iran uUsS Total (n=68) RCT/Level ll, Hypo-energetic ~ Hypo- 12 wk IL-6
(2020)8 Positive diet and flaxseed energetic diet
oil (n=34) and
sunflower oil
(n=34)
Yari et al. Iran Fibroscan (>37%  Enrolled (n=10), RCT/Levelll, Energy-balanced Energy- Energy- Energy- 12 wk hs-CRP, TNF-
(2020)305 hepatic fat analysed (n=92) Positive diet plus balanced diet  balanced diet balanced o, NF-KB
content (CAP > flaxseed plus plus diet plus
260, grade > 2)) supplement hesperidin flaxseed- placebo
(n=24) supplement hesperidin (n=21)
(n=22) supplement
(n=25)

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; Ax, assessment; BCX, B-cryptoxanthin; Bx, biopsy; hs-CRP, high sensitivity C-reactive protein, HPD, High-
Protein Diet; IL-1B, interleukin 1-beta; IL-6, interleukin 6; IL-8, interleukin 8; LC-G, lifestyle-change group; LOE, level of evidence; MR-G, meal replacement group; MR-S, magnetic
resonance—spectroscopy; NAFLD, non-alcoholic fatty liver disease; NF-KB, nuclear factor kappa B; RCT, randomized controlled trial; TNF-a, tumor necrosis factor-alpha; US,

ultrasound.
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Table 1.2. Dietary intervention protocol data extracted from each study included in the update to systematic review

Ref Diet label Nutrient Composition Targets Caloric intake recommendations Main food sources Physical activity
recommendations

Behrouz et al. 2020*°  Energy-balanced  52% to 55% of energy as carbohydrate, <30% of ~500 to 1000 kcal/d reduction ns Participants were
energy as fat (15% as monounsaturated fatty acids,  from usual intake also offered to
5% as polyunsaturated fatty acids, 10% as exercise >30 min,
saturated fatty acids, and <300 mg/day as dietary three times/week.
cholesterol), 15% to 18% of energy as protein, and
20 to 30 g/day as fibres. Diets designed based on
the NHLBI Obesity Int Program

Cerletti et al. 20203 Mediterranean During the recruitment visit, all subjects received ns ns Recommendations
appropriate recommendations about dietary and mainly focused on
physical activity lifestyle, according to each site physical activity and
protocols. Recommendations mainly focused on healthy diet, in
physical activity and healthy diet, in particular particular through
through adhesion to Mediterranean diet. adhesion to

Mediterranean diet.

Darand et al. 2019 Energy-balanced  The distribution of nutrients in relation to the total ~ ~500 to 1000 kcal/d reduction ns Participants were
energy value was as follows: total fat, <30 %; total ~ from usual intake advised to exercise
energy value, SFA, 10 %; MUFA, 15 %; PUFA, 5 for at least 30 min,
%; protein, 15—18 %; carbohydrates, 52—55 %; three times per
dietary cholesterol, week.

Deibert et al. 2019%°7  Lifestyle change Diet in accordance with the guidelines set by the The prescribed diet consisted of ns Physical exercise

group (LG-G);
Moderate fat,
nutrient-balanced
diet

German Society of Nutrition and the German
Society of Sports Medicine and Prevention. The
prescribed diet consisted of 1200 to 1500 kcal per
day for women and 1500 to 1800 kcal per day for
men. It contained approximately 50%-55% of the
calories from carbohydrates, 25%-30% from fat,
and 15%-20% from protein.

1200 to 1500 kcal per day for
women and 1500 to 1800 kcal per
day

was performed as a
group session once a
week during the first
6-weeks and twice
per week thereafter.
Each participant
was instructed to
walk mainly at a
specific heart rate
reflecting 60%-75%
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of the individual
estimated VO2max.

Meal replacement  First 6-weeks, subjects instructed to replace two The first 6-wk diet contained 1000 ns ns
group (MR-G); daily meals with a commercially available soy kcal per day for women and 1200
Hypocaloric diet ~ yogurt-honey preparation (Almased®). In the kcal for men, while in the

following 18 wk, one daily meal was replaced by following weeks the dietary

the preparation. In addition, dietary intake of fat program was aimed at a maximum

during second phase was not to exceed 60g per of 1500 kcal for women and 1700

day. kcal for men.

Duseja, et al. 2019°°!  Hypocaloric Pts overweight/obese, advised 5%—10% of weight  ns ns All patients were
reduction (not more than 1.6 kg/week) via advised regular
hypocaloric diet (30% reduction in calorie intake) exercise like brisk
by reducing the intake of both carbohydrates and walking, jogging,
fats. running, swimming,

cycling, etc for at
least 3045
min/day, for at least
5 days per week.
Haidari et al. 20203**  High protein OR  The percentage of daily energy intake from 500 k/cal per day (2092 kJ/day) ns ns
normal protein carbohydrate, fat, and protein in HPDs prescribed deficit, individually tailored for
to the subjects in the HPD and HPD-BCX groups each participant
was approximately 45%, 30%, and 25%
respectively, whereas the corresponding values in
normal-protein diets prescribed to those in the
control and BCX groups were almost 55%, 30%,
and 15%, respectively. In all study groups, animal
and plant sources of protein each contributed to
approximately 50% of total dietary protein intake.
Kazemi et al. 2020°2  Energy-balanced  55-65% carbohydrate, 20-30% from fat, and 10— ~500 to 1000 kcal/d reduction ns All pts were advised

15% from protein. Diets designed based on the
NHLBI Obesity Int Program .

from usual intake

moderate-intensity
PA 30 min per day 5
days p/w
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Rafie et al. 202039

Energy-balanced

Both groups were advised to follow an energy
balanced diet, according to guidelines published by
the North American Association. Macronutrient
breakdown not provided in article.

~500 to 1000 kcal/d reduction

from usual intake

ns

All patients were
asked to exercise at
least three times a
week for 30 mins a
day

Rezaei et al. 202028

Hypo-energetic

—2092 kJ/d diet and 20 g/d of the corresponding
oil. All participants received a 2092 kJ/d energy-
deficit diet, composed of 50-55 %energy from
carbohydrates, 1015 %from protein and 30-35
Y%from fat.

—2092 kJ/d

To minimise
confounding effect
of dietary n-3 fatty
acids, participants
were asked to
abstain from fish,
nuts, soya products
and soya oil during
the intervention.
Also, they were
recommended to
consume low-fat
meat and dairy
products and use
baking or grilling
instead of frying as
the method of
cooking.

Patients advised to
complete 30-40 min
moderate physical
activity per day.

Yari et al. 20203%

Energy-balanced

Diet was included the following distribution of
nutrients in relation to the total daily caloric value:
less than 30% of total energy as fat (10% as
saturated fatty acids (SFAs), 15% as
monounsaturated fatty acids (MUFASs), and 5% as
polyunsaturated fatty acids (PUFAs)), 15-18% as
protein, 52-55% as carbohydrate, less than 300 mg
dietary cholesterol, and 20-30 g fibre, but no
further weight loss regiment was provided.

~500 to 1000 kcal/d reduction

from usual intake

ns

All pts received
lifestyle
intervention; dietary
modification and
150 min per week
medium intensity
aerobic exercise.

Abbreviations: kJ, kilojoule; LC-G, lifestyle-change group; MR-G, meal-replacement group; MUFA, monounsaturated fatty acid; NHLBI, National Heart, Lung, and Blood Institute;
ns, not specified; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid.
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Cytokines most commonly analysed were hs-CRP, TNF-a, IL-6 and NF-kB. hs-CRP was
investigated in seven studies.??% 300-302-305.308 hs_CRP significantly decreased (p <0.05) from pre- to
post-intervention following an energy-balanced diet supplemented with a prebiotic, probiotic and
no supplement (diet alone),> 2-grams per day of nigella sativa seed powder,*® ginger,’* and
hesperidin or flaxseed-plus-hesperidin.’®® A hypocaloric diet supplemented with 2000 mg per day
of sumac or no supplement (diet alone) both decreased hs-CRP significantly (p <0.05) from pre-to-
post intervention.?? Cerletti and colleagues (2020) did not observe any change in hs-CRP following
the Mediterranean diet recommendations with or without the “active nutraceutical” mix.>*® Haidari
et al. (2020) found that an energy restricted HPD plus BCX, an energy restricted HPD plus placebo,
a standard energy-restricted diet plus BCX and a standard energy-restricted diet plus placebo
(control group) all significantly reduced hs-CRP at 12-weeks.’* The energy restricted HPD plus
BCX group achieved significantly (p <0.05) greater reductions in hs-CRP than the control group.*%*

TNF-o was analysed in four studies.??%3%1:393.305 T evels of TNF-a significantly decreased (p <0.05)
following a hypocaloric diet plus probiotic supplement,*! an energy-balanced diet with or without

300

nigella sativa seed powder,”” and an energy-balanced diet alone or with hesperidin or flaxseed-

plus-hesperidin.*® IL-6 was investigated in three studies.??® 301 304

Circulating IL-6 significantly
decreased (p <0.05) following a hypocaloric diet plus probiotic supplement.*”' A hypocaloric diet
with flaxseed oil or sunflower oil supplement did not significantly change IL-6.%® IL-6 decreased
significantly (p <0.05) after each of the energy restricted HPD plus BCX, an energy restricted HPD
plus placebo, a standard energy-restricted diet plus BCX and a standard energy-restricted diet plus
placebo (control group).*** Similar to hs-CRP, the energy restricted HPD plus BCX group achieved

significantly (p <0.05) greater reductions in hs-CRP than the control group.*%*

Two studies analysed NF-kB.** 3% An energy-balanced diet supplemented with nigella sativa
significantly decreased (p <0.05) NF-kB.** NF-kB significantly (p < 0.05) decreased following an
energy-balanced diet with flaxseed, hesperidin and flaxseed-plus-hesperidin supplements but not

after diet alone.’%

297, 301, 303, 304 Adiponectin was the most commonly

Adiponectin was investigated in four studies.
analysed adipokine, and leptin, resistin, vaspin and fetuin A were also reported in one study.?®’ This
study found that the soy-protein MR-G and LC-G significantly lowered leptin (p <0.05), while
adiponectin significantly increased (p <0.05) following the MR-G group only. Resistin, vaspin and
fetuin A did not change from pre- to post-intervention in either group. In another study, adiponectin
significantly improved (p <0.05) following an energy restricted HPD plus BCX, an energy restricted
HPD plus placebo, a standard energy-restricted diet plus BCX and a standard energy-restricted diet

plus placebo (control group).3%*

Overall, the ten additional studies included in the updated systematic literature review substantiate

findings from Reddy et al. (2019),%¢ in that the diets which elicit the most favourable changes in
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inflammatory markers were isocaloric or hypocaloric and included recommendations for moderate
PA. In these studies, dictary intervention alongside nutraceutical supplementation, particularly
BCX, hesperidin or hesperidin-flaxseed and nigella sativa seed powder produced additional benefits
to mediating inflammatory markers hs-CRP, TNF-a, NF-«xB, IL-6 and adiponectin compared to diet

alone.

1.3.3 Mediterranean Diet and Inflammatory Status in NAFLD

The preceding literature review identified that certain diets and co-interventions may be able to
mediate the synthesis and release of inflammatory cytokines, which may be vial in mitigating
metabolic dysfunction and the development of NAFLD. Though there are limited intervention
studies investigating the efficacy of a MedDiet on inflammatory makers, cardio-protective effects
of the MedDiet have been reported in the literature, attributed to the anti-inflammatory and anti-

oxidant properties of the diet.*!%3!!

Findings from the large-scale PREDIMED study conducted in Spain were influential in supporting
the benefits of the MedDiet compared to the LFD on inflammatory markers in a primary prevention
setting.’!? C-reactive protein was significantly reduced following a 12-week MedDiet + EVOO
intervention, and IL-6 was significantly reduced following both the MedDiet + EVOO and MedDiet
+ Nut interventions compared to increases in IL-6 observed in the LFD group.’!> Greater adherence
to the MedDiet reduced endothelial and monocytary adhesion molecules and chemokines,
compared with increases in the LFD group. Of note, participants in MedDiet groups of this study
followed an ad libitum approach to diet and anti-inflammatory changes were observed in the
absence of significant weight loss.>'? In Greece, a 6-month nonrandomised, single-arm and open-
label intervention study recruited 44 NAFLD patients with nonsignificant fibrosis and provided
nutritional counselling intended to increase adherence to the MedDiet. Following intervention,
alongside increased MedDiet adherence, levels of CRP were significantly increased by 73.9% (p
<0.0001). No significant effects were observed for leptin, IL-6, and TNF-a (p >0.05), whereas
visfatin — a hormone whose plasma concentrations are associated with obesity, T2DM and the MetS
— significantly improved at 6-months (p <0.05).3'* These changes were accompanied by significant
improvements in liver imaging and fibrosis score, indicating that the MedDiet pattern may be

beneficial for NAFLD as a systemic disease, and not just a hepatic disease.*!?

Individual components of the MedDiet are thought to work synergistically to provide anti-
inflammatory effects, which may slow or reverse oxidative stress. A common feature of dietary
patterns thought to reduce inflammation is an increased intake of functional foods which contain
essential bioactive compounds known to provide health benefits. Olive oil, particularly in the form
of EVOO, retains lipophilic components of the olive fruit, phenolic compounds and antioxidants,
and smaller quantities of alpha-tocopherol and phytosterols.*'* High intake of virgin olive oil and

nuts have been associated with lower concentrations of IL-6, CRP and inflammatory markers
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related to endothelial function; VCAM-1 and ICAM-1.>!* Olive oil and nuts have favourable fatty-
acid profiles, and besides being rich in unsaturated fatty acids, nuts are high in fibre, phenolic
compounds and antioxidants 3!%3!¢ and intakes are inversely associated with lower concentrations

of inflammatory markers in multiethnic populations.®!’-3!8

Some dietary components of the MedDiet overlap with similar healthy dietary patterns, however
there are many aspects of the diet which are unique to the traditional ‘Cretan’ MedDiet Vegetables
and fruits are important sources of bioactive compounds including phenols, flavonoids and
phytosterols, as well as fibre, antioxidants, vitamins and minerals.’! Diets with high content of
antioxidants have been associated with reduced CRP concentrations, as compared with diets with
low antioxidant content.*? High consumption of vegetables and fruit has been associated with lower
concentrations of CRP *! and IL-6,>'* and dietary vitamin C intake has been inversely associated
with CRP.>?2 Long chain n-3 PUFA content of fish has been associated with lower concentrations
of IL-6, CRP and markers of endothelial dysfunction.’**32* Fermented dairy products recommended
in the MedDiet such as yoghurt and feta cheese may confer probiotic benefits and therefore improve
gastrointestinal and immune health.’!’Although there is some evidence of an inverse relationship
between a higher consumption of dairy foods and lower levels of CRP, the mechanisms explaining
these associations are not well understood.*'* Similarly, there is limited and somewhat contradictory
evidence for the effects of wholegrain intake on inflammation. A few small-scale intervention
studies have reported lower concentrations of CRP and IL-6,*?° though additional studies assessing

dose-response relationships are required.

The proposed mechanisms by which diet influences inflammation, oxidative stress and insulin
sensitivity in NAFLD are summarised in the Figure 1.5 (below). Key cytokines CRP, TNF-q, IL-
6, adiponectin and resistin are produced via adipose tissue proliferation initiated by ‘unhealthy’ or
western dietary patterns. Conversely, these cytokines may be modulated by a healthy diet to induce
anti-inflammatory effects, improved endothelial function and insulin sensitivity and decrease

uptake of triglyceride into the liver causing NAFLD and/or progression to NASH.3?
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Figure 1.5. Proposed anti-inflammatory mechanisms of the Mediterranean diet and resultant benefit for
NAFLD and other cardiometabolic diseases. Adapted from Mirmiran et al. (2017) and Esposito et al.
(20]7 326, 327

1.3.1 Evidence for Gene-Diet Interaction in NAFLD

The study of gene-nutrient interaction in humans is a developing area of science, termed
nutrigenetics and nutrigenomics. Nutrigenetics refers to the study of how an individual’s genetic
background, considering underlying genetic polymorphisms, impacts their response to diet.**® Put
differently, nutrigenetics represents the science of identifying and understanding the impact of gene
variants’ differential responses to nutrients, and characterise these responses in relation to disease
states.>?® Nutrigenomics, on the other hand, aims to elucidate the effects of micro- and macro-
nutrients or bioactive food components on the genome (Figure 1.6).*?° Nutrigenomics aims to
understand the influence of nutrients as stimuli to transcription activity, gene expression and
heterogenous response of gene variants or control of metabolic pathways and homeostatic

processes.*?8: 3%

Nutrients are able to impact molecular mechanisms occurring after ingestion, modulating
physiological functions in the body. Genetic polymorphisms may ultimately influence the manner
in which enzymatic activities and circulating concentrations of metabolites leading to pathogenesis
or progression of disease.**” In NAFLD, the hepatic lipase gene (HL) which regulates triglyceride
levels in response to an up-regulation of insulin, has been associated with gene-nutrient interactions
of HL polymorphism -514C>T and total dietary fat and saturated fat.**' Dietary fibre intake was

also associated with HL activity in an epidemiologic study of 42 SNPs in 26 candidate genes.?*?

82



The apolipoprotein A5 (APOAS) gene, an important regulator of plasma triglyceride level, has been
linked with dietary fat in determining plasma fasting triglycerides after ingestion.’*! Studies
concluded that the ratio of n-6 to n-3 PUFAs (n-6 PUFA-rich diet) were linked to higher levels of
triglycerides in carriers of the -1131C polymorphism in APOAS5 gene.*** A similar finding was
observed for PNPLA3 genotype rs738409, wherein the ratio between n-6 to n-3 PUFAs was linked
to increased hepatic steatosis.’** These are the main gene-diet interactions which may infer
susceptibility to NAFLD. Studies investigating the effect of diet or nutrient interaction with genes
influencing inflammation in NAFLD are scarce. There is a need to understand the biological impact
of gene-diet interactions for inflammatory processes which may underlie the pathogenesis and

progression of NAFLD, a diet-related polygenic disorder.

Identifying genetic factors that predispose an individual to higher rates of inflammation or higher
production of cytokines in response to dietary intake, may allow preventative strategies to be
targeted at individuals at higher risk.'®® Presently, a limitation of lifestyle and dietary interventions
in the management of many chronic diet-related diseases is the individual variation in response to
a given therapy. Some individuals may achieve the desired outcome by following dietary
recommendations, whereas some individuals are unable to achieve an adequate outcome based on
the same diet prescription.>*® Moreover, compliance to dietary prescription presents another barrier
to determining the true effect of diet and compliance is generally poorly reported in most dietary
intervention trials. The subsequent design and delivery of dietary intervention trials should consider
strategies to improve and more accurately measure dietary compliance. Variations in the degree of
response to diet is largely accredited to genetic factors, especially in a NAFLD population, which
emphasises the importance of elucidating and characterising the genes that play a crucial role in
promoting inflammation in individuals with and without NAFLD.**® Insights into the interactions
of genes with nutrients will optimise the ability to recommend novel, targeted diet interventions and

personalised nutrition recommendations for the management and prevention of disease.
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Figure 1.6. Nutrigenetics and Nutrigenomics stem from the interaction between genes and nutrients.
Adapted from Farhud, Yeganeh and Yeganeh (2010).3* Nutrigenetics encapsulates the study of how the
genetic background of an individual impacts their response to diet and environmental factors, while
nutrigenomics is the study of the effects of several nutrients, including macronutrients and micronutrients, on
the genome.

1.4 Dietary Inflammatory Index

In measuring adherence to dietary patterns, tools or scores that assess individual food components
which provide health benefits have traditionally been used. For example, adherence to the MedDiet
can be assessed using a number of tools that were primarily designed to assist nutrition
epidemiology studies to identify associations between diet adherence and development (or risk) of
chronic disease.**> However, these tools do not examine the degree to which diet may induce or
supress inflammatory pathways, or otherwise put, assess the dietary inflammatory potential.®*
Assessment of dietary inflammatory potential recognises complex interactions between
components of diet and food items that may impact inflammation differently. The Dietary
Inflammatory Index (DII®) characterises certain foods by their potential to influence underlying
biological mechanisms which have a known effect on markers of inflammation. The score is based

on a calculation of each food item’s inflammatory potential, and together the individual components

are used to calculate the overall pro- or anti-inflammatory potential of the diet. The DII may provide
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additional insight into the theoretical measure of inflammatory potential of a MedDiet, rather than

a simple measure of adherence to the general dietary pattern.

1.4.1 Development and Validation of the DII

The DII was designed as a scoring algorithm to categorise an individuals’ diet based on theoretical
inflammatory potential that was derived from the literature. The DII provides a novel tool to assess
whether the dietary pattern is maximally anti-inflammatory, maximally pro-inflammatory or
anyplace in between. Six inflammatory markers: IL-1p, IL-4, IL-6, IL-10, TNF-a and CRP were
chosen to be the focus of a literature search, based on established and robust existing scientific
evidence for their important role in inflammation.?3” A total of 1943 published studies that reported
associations between nutritional factors and inflammatory cytokine markers qualified for
analysis.**® From these studies, a total of 45 food parameters were identified which constitute the
DII: energy, carbohydrate, protein, alcohol, fibre, total fat, cholesterol, SFA, TFA, MUFA, PUFA,
omega-3, omega-6, niacin, thiamin, riboflavin, selenium, vitamin B6, vitamin B12, iron,
magnesium, zinc, vitamin A, vitamin C, vitamin D, vitamin E, folic acid, beta carotene, caffeine,
eugenol, anthocyanidins, flavan-3-ol, flavonols, flavonones, flavones, isoflavones, garlic, ginger,
onion, pepper, saffron, turmeric, rosemary, thyme/oregano and black/green tea.’*® Appendix 2
summarises the 45 food parameters included in the DII, DII, inflammatory effect scores, and intake
values from the global composite data set - as reported in the Dietary Inflammatory Index

Development Study, Columbia, SC, USA, 2011-2012.%%

A consistent scoring algorithm was applied to all articles. One of three values were assigned to each
food parameter based on its impact on inflammation: ‘+1° was assigned for a pro-inflammatory
change in marker (significant increase in IL-1p, IL-6, TNF-a or CRP, or significant decrease in IL-
4 or IL-10); *-1” for an anti-inflammatory change in marker (significant decrease in IL-1, IL-6,
TNF-a or CRP, or significant increase in IL-4 or IL-10); and ‘0’ where there was no change in
inflammatory marker.>*® In the case of a single study reporting the differential effects of one food
parameter (i.e., a food parameter increasing one (pro-)inflammatory marker while decreasing
another one), separate scores were assigned for each effect reported in the same article. Dietary
intake data derived from nutritional databases of eleven countries around the world were
standardised, then transformed into percentiles and multiplied by the inflammatory scores for each
food parameter to obtain the ‘food parameter-specific DII score’. The sum of all the individual ‘food
parameter-specific DII scores’ creates the ‘overall DII score’. The DII score can range from a
minimum of -8.9 to a maximum of +8, with a negative DII score indicating lower (or anti-
inflammatory) inflammatory potential of diet and a positive DI score indicating higher (pro-
inflammatory) inflammatory potential of diet. The DII score was validated using data from the
Seasonal Variation of Blood Cholesterol (SEASONS) study, which confirmed that higher DII

scores, derived from 24-hr recall and 7-day food records, were associated with levels of CRP
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>3mg/L in 519 healthy participants (OR = 1.08; 95% CI 1.01, 1.16, P =0.035 for data derived from
24-hr recall; and OR = 1.10; 95% CI 1.02, 1.19, P = 0.015 for data derived from 7-day dictary
recall).>* Subsequently, the DII has been validated in a large observational study of post-
menopausal women which reported that FFQ-derived DII significantly predicted higher levels of
circulating IL-6 and a cross-sectional study of people with asthma, findings that those with asthma
had a higher DII score than healthy individuals.>**3*! The latter study found that people with asthma
had higher levels of cytokine IL-6 and FEV! which were associated with DII score.**! Another study
in healthy individuals reported no association between DII and levels of CRP, though a significant

association was observed for younger participants only (results of an age-adjusted analysis).**?

1.4.2 Application of DIl in NAFLD

Presently, the DII has been associated with fatty liver and liver-related markers in two cross-
sectional studies.’**3** A National Health and Nutrition Examination Survey (NHANES) study of
20,643 individuals in the US demonstrated an association between higher DII and fatty liver index
(FLI) score, and liver enzymes ALT and AST.*** Interestingly, these associations were only
observed among individuals with lower BMI, but not among those classified as obese after
adjustment for as a covariate. An analysis of a subset of the PREDIMED trial cohort showed that a
higher DII score was positively associated with non-invasive liver markers (FLI, ALT, AST and
GGT) and negatively associated with MedDiet adherence.’* This analysis also found that higher
DII scores were found in individuals with obesity and lower adherence to the MedDiet.*** There is
currently no published literature investigating the association between DII score and hepatic
steatosis or liver histology in patients diagnosed with NAFLD, nor assessing the impact of dietary

intervention on DII score in NAFLD.
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1.5 Summary of Chapter 1

Rates of NAFLD are forecasted to rise in parallel with obesity and T2DM and in the absence of
proven safe and effective pharmacotherapy, diet and lifestyle intervention remain the first-line
therapeutic option for management of the disease. No evidence-based dietary recommendations
exist for NAFLD, beyond the scope of energy-restriction and weight loss which are unattainable
and/or unsustainable in this patient group. The MedDiet is evidenced to provide beneficial
metabolic and anti-inflammatory effects, without the intention of weight loss, in patients with the
metabolic syndrome and diabetes, as well as cardiovascular diseases. Inflammation is well-
recognised in the pathogenesis of NAFLD, although the effects of a MedDiet on inflammatory
markers in this patient group is unclear. Moreover, clinical trials assessing the translation of an ad
libitum MedDiet in a multicultural, free-living Australian population are lacking. Understanding
the effects of this dietary pattern in patients diagnosed with NAFLD may influence the management
of the disease and could be used more effectively slow or stop progression of the disease due to

underlying inflammation.

The Dietary Inflammatory Index (DII) is a novel dietary assessment tool which provides a
theoretical measure of inflammation derived by food components and nutrients. It is increasingly
used as a surrogate measure of inflammation, calculated from an individual’s dietary intake. The
DII score was developed based on the food item or nutrients’ association with a selection of the
most researched inflammatory cytokines, and the score has increasingly been associated with
prevalence or incidence of diet-related diseases in epidemiological studies. Considering the anti-
inflammatory nature of the MedDiet, it is anticipated that the MedDiet will have a lower (more anti-
inflammatory) DII score than the control diet (the low-fat diet) and that participants following this
diet will reduce their DII score to a greater extent than participants in the control group. There are
currently no RCTs investigating DII as a surrogate measure of dietary intervention in patients with
NAFLD. Genetics are a large predictor of the development of NAFLD, and specific genes are well-
known to confer risk. Gene polymorphisms that influence inflammation in this population are not
as well understood, and the impact of gene-nutrient interactions which may produce harmful
increases in pro-inflammatory cytokines is an area which requires further exploration. The influence
of an individual’s genetic makeup on inflammation, known to progress disease state, in nutritionally

related disease such as NAFLD must be considered in the management of disease.
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1.6 Thesis Preface

The Mediterranean Dietary Intervention in patients with Non-Alcoholic Fatty Liver Disease
(MEDINA) study was a randomised controlled trial (RCT) that aimed to investigate the effects of
a Mediterranean Diet (MedDiet) compared to a low-fat diet (LFD) in the management and/or
reversal of NAFLD. The a 12-week parallel RCT which recruited participants from outpatient liver
clinics at three major metropolitan hospitals in Melbourne, Australia; Alfred Health, Eastern Health
and The Royal Melbourne. Patients were eligible to participate in the study if they spoke fluent
English, were over the age of 18 years, had biopsy or ultrasound proven NAFLD and were deemed
insulin resistant using the homeostatic model of assessment for insulin resistance (HOMA-IR) score
>2. Patients who were recruited to the study underwent randomisation to either a MedDiet or LFD,
where they received dietary counselling, food hampers or vouchers and other intervention-specific
dietary resources. This doctoral research was embedded into the MEDINA study and the specific

aims and objectives of this PhD are stated below.

1.7 Thesis Aims and Research Questions
Primary research aim

The aim of this PhD research programme was to determine whether a 12-week ad [libitum
Mediterranean Diet can improve markers of inflammation in Australian patients diagnosed with

Non-Alcoholic Fatty Liver Disease (NAFLD) compared to a low-fat diet.
Primary research question

Does a 12-week intervention with an ad libitum MedDiet in Australian patients diagnosed with
Non-Alcoholic Fatty Liver Disease (NAFLD) improve markers of inflammation compared to a low-

fat diet? (Chapter 4).

Secondary research questions

1. What is the habitual diet quality and baseline inflammatory and metabolic risk marker profile

of Australian patients with NAFLD? (Chapter 3).

2. Does a 12-week intervention with an ad libitum MedDiet, delivered by a Dietitian, in Australian
patients diagnosed with Non-Alcoholic Fatty Liver Disease (NAFLD) improve markers of
inflammation, body composition, liver outcomes and blood biomarkers, compared to a low-fat

diet? (Chapter 4).

3. Does a multi-ethnic cohort of Australians with NAFLD adhere well to a 12-week MedDiet

intervention? (Chapter 4).
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4. Does adherence to the MedDiet and overall improvement in diet quality elicit greater
improvements in inflammatory markers, insulin resistance and liver outcomes in individuals
diagnosed with NAFLD and T2DM, compared to those with NAFLD and without T2DM?
(Chapter 4)

5. Was there an association between increasing MedDiet adherence score and reduction in
inflammatory potential of the diet (as measured by the Dietary Inflammatory Index) following

dietary intervention? (Chapter 5).

6. Isdietary-induced reduction in DII score associated with improvement in inflammatory markers

in patients with NAFLD? (Chapter 5)

7. What is the prevalence of inflammatory gene polymorphisms CRP +1846, IL-6 -174, TNF-a -
308 and adiponectin +276 in this cohort of patients with NAFLD, and are these polymorphisms

associated with serum inflammatory marker concentration? (Chapter 6)

8. Does the presence of the gene polymorphism effect average inflammatory marker concentration

in response to dietary change? (Chapter 6)

1.8 Thesis Structure

Chapter 1 of this doctoral thesis contains the background, rationale and proposed aim(s) for this
research. This introductory chapter begins with an overview of NAFLD and the role of
inflammation in disease pathogenesis and progression. This chapter outlines the current and
predicted disease burden of NAFLD, current management strategies and reported dietary habits of
those diagnosed with NAFLD. A review of various dietary interventions tested in individuals
diagnosed with NAFLD leads into the rationale for testing a Mediterranean Diet on outcomes of
inflammation in this population. A literature review performed and published by the doctoral
candidate is embedded into this section, titled the ‘Effect of dietary intervention, with or without
co-interventions, on inflammatory markers in patients with non-alcoholic fatty liver disease: a
systematic literature review’*® This systematic review highlights the potential for anti-
inflammatory diets in the improvement of underlying chronic inflammation present in NAFLD and
in the absence of any known liver-sensitive markers, cytokines and adipokines may be considered
potential surrogate markers of liver disease. The core results of this review strengthen the rationale

for the doctoral research.

Chapter 2 provides details of the methodology of the overarching Mediterranean Dietary
intervention in patients with NAFLD (MEDINA) RCT, including a detailed description of the study
design of the trial, recruitment and data collection timepoints, methods and protocol. This chapter
is based on the published protocol for the overarching randomised controlled trial by

Papamiltiadous et al.>*
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Chapter 3 of this thesis presents baseline data from the MEDINA study. The anthropometric,
biochemical, inflammatory and liver outcomes of participants who were recruited to this study were
analysed and compared with current literature in other NAFLD populations. Dietary intake at
baseline was also assessed. Due to the similar underlying metabolic dysfunction and risk factors
between the Metabolic Syndrome (MetS) and NAFLD, participants were grouped on the basis of
having the MetS and differences observed. Similarly, sex differences are known to be apparent in
NAFLD therefore participants were split by sex and inflammatory markers, biochemistry, liver

outcomes and anthropometric and body composition measures were compared at baseline.

Chapter 4 presents the main body of work included in this thesis and addresses the primary aim of
this doctoral research programme. The chapter first reports on the effects of a MedDiet versus low-
fat diet on inflammation and secondary outcomes in NAFLD, as well as reporting on the change in
diet quality over the intervention period and assessing compliance to a MedDiet in the pooled
NAFLD cohort (irrespective of original diet group assignment). A subgroup analysis of individuals
diagnosed with both NAFLD and type 2 diabetes mellitus was undertaken due to the identification
of an uneven number of participants with and without diabetes randomised to each diet group. The

rationale for undertaking this analysis is discussed further in the chapter.

Chapter 5 explores the effect of diet change on the Dietary Inflammatory Index (DII score), a tool
that was designed by researchers in the US to provide a surrogate, theoretical measure of dietary
inflammatory potential. Chapter 6 explores the impact that four genetic polymorphisms may have
on inflammation, as it is well known that both genetic and environmental (diet and lifestyle) factors
are major determinants in the development and progression of NAFLD. Finally, the concluding
chapter discusses the main findings of this doctoral research, the implications of these findings and
future recommendations. Figure 1.7 summarises each chapter and the overall structure of this

thesis.
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Figure 1.7. A summary of the structure of this doctoral thesis and an outline of the key
components of each research chapter.
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2 Methods

The “MEDINA” Study: Mediterranean Diet Intervention in NAFLD Patients
2.1 Chapter Overview

This chapter will describe the methodology employed throughout the MEDINA (Mediterranean
Diet Intervention in NAFLD Patients) study. Details of the study design, overarching study aims,
eligibility, screening and recruitment, dietary interventions, data collection, outcome measures, and
statistical analysis will be detailed and discussed. The MEDINA study methods have also been
published as a manuscript entitled “A randomised controlled trial of a Mediterranean Dietary
Intervention for Adults with Non-Alcoholic Fatty Liver Disease (MEDINA): study protocol”** in
the journal BMC Gastroenterology, Impact factor 2.212.

2.2 MEDINA Study Design

The MEDINA study is a 12-week, multi-centre, parallel, randomised controlled trial in patients
with ultrasound or biopsy proven NAFLD and NASH 3%, Participants were recruited from three
major metropolitan hospitals across Melbourne, Australia; Alfred Health, Eastern Health and The
Royal Melbourne Hospital. Patients attending outpatient Liver Clinics were screened and recruited
based on eligibility. Once deemed eligible, the participant was assigned to an experimental group
using a computer-generated randomisation stratified to the participant sex and diabetes status
completed independently by a senior researcher. There were two diet groups; the dietary
intervention group received a Mediterranean Diet (MedDiet) and the control group received a Low-
Fat Diet (LFD), also known as the standard care diet for patients with NAFLD. Participants were
required to attend three face-to face dietary consultations, lifestyle, anthropometry and biochemistry
assessment appointments at baseline (0 weeks), mid-intervention (6 weeks) and end-intervention
(12 weeks).** Participants from both dietary intervention groups also received phone call follow-
up reviews from their respective dietitian during weeks 2, 4 and 9. Although the dietary intervention
ran for 3-months, all participants were required to attend a face-to-face follow up appointment at 6-
and 12-months post-intervention in order to determine maintenance and sustainability of dietary
interventions. Although the overarching MEDINA trial involved the two follow-up timepoints to
assess sustainability, only data from baseline to end-intervention (0-weeks, 6-weeks and 12-weeks)

are presented in this doctoral thesis.
2.3 MEDINA Overall Study Aims

The primary aims of the broader MEDINA study were to determine the effects of a MedDiet versus
LFD on markers of insulin resistance (IR), hepatic steatosis and associated risk factors of the
metabolic syndrome (MetS), in patients diagnosed with NAFLD and/or NASH. A secondary aim

was to explore the relationship between the molecular mechanisms of the disease and the dietary
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interventions. It was hypothesised that the MedDiet would improve insulin resistance, reduce the
severity of fatty liver, and that the improvements would be sustained at 12 months post-intervention

with maintenance of diet.
Thesis Aims and Hypothesis

The primary aim of this doctorate was to investigate the effects of an ad libitum MedDiet versus

LFD on circulating serum inflammatory markers in patients diagnosed with NAFLD and/or NASH.

It was hypothesised that the MedDiet would be superior to the LFD in improving inflammatory
markers in patients diagnosed with NAFLD.

2.4 Participant Eligibility and Screening

Patients attending outpatient Liver Clinics at the Alfred Hospital, Box Hill Hospital and the Royal
Melbourne Hospital that were potentially eligible to participate in the study were referred by their
managing hepatologist. A trained researcher assessed patient eligibility using a screening
questionnaire, made up of a series of questions to ensure that the individual met the
inclusion/exclusion criteria. Details of the MEDINA study eligibility criteria are outlined in Table

2.1.

Table 2.1. The MEDINA Study Eligibility Criteria

Inclusion Criteria Exclusion Criteria

Refusal or inability to provide informed consent to

>
18 years old participate in the study

Male or female (not pregnant) Non-English speaking

Above average alcohol ingestion

Smokers and non-smokers (>140g per week for men and women)

Diagnosis of NAFLD based on ultrasound and/or | Weight change exceeding 5kg (loss or gain) within
biopsy within 12 months of screening 3 months of screening

Currently following or anticipated commencement

: _ 2
Body mass index (BMI) between 20-40 kg/m of a diet (such as Light and Easy, Jenny Craig, etc.)

An elevated serum aminotransferase (ALT) level
(>20U/L for females and >30U/L or males) within | HbAlc >8%
6 months of screening

Patient must be insulin resistant, as determined by
fasting glucose and insulin used to calculate
homeostatic model of assessment insulin
resistance (HOMA-IR) score.

A diagnosis of Type 1 Diabetes Mellitus or IDDM

HOMA-IR Score >2.

No current or past history of cardiovascular, Taking immunosuppressants, amiodarone and/or
cerebrovascular or peripheral vascular disease perhexiline

Any other cause of chronic liver disease or hepatic
steatosis; ALT or AST >10 x ULN at screening or
within 3 months of screening

No evidence of any other form of liver disease
(further outlined in exclusion criteria)

A current or past history of cardiovascular,
cerebrovascular or peripheral vascular disease
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Presence of clinically relevant pulmonary, gastro-
intestinal, renal, metabolic, haematological,
neurological, psychiatric, systemic or any acute
infectious disease or signs or acute illness

Any psychosocial or gastrointestinal malabsorptive
(e.g. coeliac disease) contraindications, including
bulimia nervosa, anorexia nervosa, substance
abuse, clinically significant depression or current
psychiatric care

Change in dose or introduction of fish oil,
probiotics, vitamin E, vitamin C or high dose
vitamin D (>30001IU) within 3 months of screening

2.5 Recruitment and Randomisation

Patients who met the initial eligibility criteria were flagged by the researcher and managing
hepatologist, and the patient was thoroughly informed about the study in lay terms by the researcher.
If the patient agreed to participate in the study, they were asked to sign a Participant Information
Consent Form (PICF)(Appendix 3.1), after which they underwent a thorough screening

questionnaire (Appendix 3.2) which was administered by the researcher.

The PICF contained all of the information regarding overall purpose of the study, aim(s), processes,
expectations and requirements, as well as relevant study coordinator contacts information, and a
choice of optional measures (such as dual energy X-ray absorptiometry (DEXA) scans) for
participants to indicate their interest (Appendix 3.1). Information regarding the storage of
participants samples was provided in the PICF, and participants were required to consent to whether
or not further analyses could be undertaken on the samples, if required (Appendix 3.1). All
consenting participants were to receive a copy of their results sent by the primary researcher,
however in most cases the researcher provided these results directly to the participant’s general

practitioner (GP) and/or referring hepatologist.

The thorough screening questionnaire which was administered face-to-face or over the phone by
the primary researcher contained a series of questions confirming and further identifying personal
and clinical characteristics of patients addressed in the eligibility criteria. All of the criteria in the

screening questionnaire were to be met prior to enrolment in the study.

Once the patient was deemed eligible, their de-identified information was sent to a statistician who
completed a computer-generated randomisation stratified to sex and diabetes status. The participant
was randomly allocated to either the control (LFD) or intervention (MedDiet) arm of the study, the
statistician informed the investigator of the study diet allocation and initial appointments were
organised. Allocation concealment, blinding and randomisation ensured that participants were
equally distributed to each group, without inadvertent allocation or researcher bias, which could

result in confounding differences between groups at baseline. Allocation concealment was deemed
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successful, as there were no significant differences in primary outcome measures (hs-CRP, IL-6,
TNF-a, adiponectin, leptin and resistin) between the LFD and MedDiet groups at baseline (Chapter
4; Table 4.1, page 178).

Considering that both study groups involved the active delivery and uptake of dietary interventions,
blinding of the study condition was not possible for both researchers and participants. Outcome
assessors were blinded for specific measures (such as MR-S or Fibroscan), and the relevant

methodology stated within the appropriate sections of this thesis.
2.6 Timeline of Appointments

Participants were randomised to either a LFD of MedDiet intervention for twelve-weeks, during
which time they were required to attend three face-to-face appointments and three phone-call follow
up consultations with an Accredited Practicing Dietitian (APD). The face-to-face appointments
occurred at baseline (0 weeks), mid-intervention (6 weeks) and end intervention (12 weeks), and
the phone-call follow up consultations occurred at weeks 2, 4 and 9. Once the intervention period
ended, all participants were also required to attend face-to-face follow up appointments at 6 and 12
months after study commencement to assess maintenance of diet and sustainability of outcomes
after the intervention period. A summary of the data collected, and the corresponding timeline of
appointments are listed in Table 2.3. Each face-to-face appointment ran for approximately 45-60

minutes in duration, and phone calls were between 10-20 minutes each.

The same meal was provided for breakfast to all participants. Regardless of diet group allocation,
following their fasting blood test during each face-to-face appointment. Breakfast consisted of 1x
tub of Jalna yoghurt (170g) and 1x muesli bar. This breakfast composition was aligned in both

groups.
2.7 Dietary Intervention Arms

Participants allocated to the MedDiet and LFD intervention groups both received the same amount
of dietary counselling, educational resources and face-to-face/phone-call follow up time with their
respective APD’s. The MedDiet dietitian differed from the LFD dietitian and each were trained in
the recommendations specific to the intervention they were administering. This was done to ensure
there was no repetition or cross-over in dietary advice given to each group and to avoid any bias

occurring.

As previously mentioned, participants who were following or anticipating the commencement of
any type of diet (Jenny Craig, Optifast, etc.) were excluded and participants were also not allowed
to participate if they were seeing a dietitian and receiving dietary advice from an APD other than
their allocated APD on the trial. Participants who had previously received dietary advice in the
clinical setting or otherwise were not excluded, though often the details of prior dietary advice were

noted within the patient file.
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2.7.1 Mediterranean Diet

The MedDiet dietary intervention recommendations and nutrition counselling techniques that were
administered to participants in this study were specifically developed for the MEDINA trial. The
key components and diet model of the intervention were based on a traditional MedDiet as described
by Keys et al. (1986) in the seven countries study.>*¢ The approximate macro and micronutrient
composition of the MedDiet was based on previous literature from controlled trials outlined as 44%
fat (>50% monounsaturated), 36% carbohydrate and 17-20% protein, and up to 5% alcohol.
Traditional attributes of the MedDiet were also established using existing literature, with the
inclusion of MedDiet principles such as a high consumption of plant-based foods; fruits, vegetables
and wholegrains, with an emphasis on the consumption of legumes, nuts and oily fish, moderate
consumption of fermented dairy products and white/game meats, and decreased consumption of red
meat and sweetened or processed foods. The main source of culinary fat was extra-virgin olive oil

(EVOO).

One of the main considerations when administering the MedDiet intervention to this group was that
they were multiethnic living in a non-Mediterranean country and were diverse in age. The
traditional Cretan diet and meal options were therefore diversified to include culturally appropriate
options which still adhered to the traditional MedDiet principles. This diet was administered as ad
libitum and dietary counselling was intended to focus on what participants were able to consume
rather than what they should avoid. Briefly, the prescribed MedDiet was developed based on a
combination of principles derived from the Dietary Guidelines for Adults in Greece**” and MedDiet
patterns and key components described in other pivotal studies.**®3>! Nutrient composition from
clinical trials where benefits of intervention were seen (improvements in outcome measures) in a
range of chronic diseases or where feasibility in an Australian population was shown, were collated
and entered into nutrient analysis software. The nutrient profile and food components recognised
for health promoting effects were used to formulate a meal plan. A two-week modelled example of
the diet is provided in Appendix 4 and daily macro- and micronutrient profile that was derived
from these menus is reported in Table 2.2 (below). The MedDiet provides approximately 9,400kJ
(or 2,245kcal) of energy and is classified as a ‘high-fat’ diet with 35-45% total energy from fat, 35-
40% energy from carbohydrates and 15-20% energy from protein. Monounsaturated fatty acids
(MUFAs) make up 50% of the energy from total fat, and the remaining energy contribution from
polyunsaturated fatty acids (PUFAs) and saturated fatty acids (SFAs). Alcohol intake may
contribute up to 5% total energy in the MedDiet, which is classified as a moderate amount and is
within the recommendations set by the Australian National Health and Medical Research Council
(NHMRC).>3? Portion sizes were not specifically detailed to participants as this diet was not

intended to achieve weight-loss. Development of this MedDiet model are published elsewhere. !

Table 2.2. Nutrient composition of the Australian Mediterranean Diet — taken from George et al. 2018.!
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Nutrients Australian Mediterranean Composition

Energy (MJ) 9.4
Protein (%E) 15.8
CHO (%E) 33.8
Added sugar (%E) 5.2
Total fat (%E) 41.8
SFA (%E) 8.9
MUFA (%E) 22.3
PUFA (%E) 10.6
Alcohol (%E) 2.4
Fibre (g/d) 41.1
Linoleic acid n-6 (g) 18.7
o linolenic acid n-3 (g) 4.9
Total LCN3s (mg) 932

Energy intake equivalent to 2,245kcal. Two-week food diaries based on the Mediterranean diet meal plan
were entered into Foodworks 7™ (Xyris software Australia Pty Ltd.) to calculate this nutrient profile.
Abbreviations: CHO, carbohydrates; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids, LCN3s, long chain omega-3 fatty acids.

Specific counselling techniques were employed by dietitians when delivering the MedDiet
intervention to promote positive reinforcement, mindfulness and patient centred goal setting.?>* 34
As previously stated, due to the ethnic diversity in the population the intervention was designed to
follow a traditional MedDiet pattern but also be practical and easy-to-follow while allowing for
individual preference and cultural circumstances. The aim was to allow participants to make small,
sustainable changes to their diet and positively reinforce these changes. This was thought to be more
beneficial than a complete overhaul of the diet, as full adherence to a new diet is often unsustainable,

overwhelming and sometimes discouraging for trial participants.>

In an effort to increase compliance and motivation toward dietary recommendations and to model
the staple foods of the diet,**® a food hamper containing examples of staple foods captured in the
MedDiet were provided to participants at all face-to-face consultations during the intervention
period. The first two hampers provided at baseline and 6-week appointments were substantial and
provided bottles of EVOO, nuts, tinned fish and legumes, and a recipe book. The final hamper
provided to participants at the 12-week appointment was slightly smaller and acted as an incentive
to promote attendance for the final intervention appointment. A full list of items provided during
each appointment is available in Appendix 4, and an example of hamper content from the baseline
(and 6-week) appointment is shown in Figure 2.1. The food items used in the hamper were donated

to the MEDINA Study by various food industry providers who were contacted for particular items.
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Figure 2.1. The Mediterranean Diet hamper provided to participants in the MedDiet intervention group at

baseline and mid-intervention timepoints

2.7.2 Low-Fat Diet

The LFD intervention was based on the current Australian Dietary Guidelines and Heart Foundation
recommendations, which comprise of a macronutrient composition of approximately 30% fat, 50%
carbohydrate and 20% protein.>*° The resources and education provided was primarily based on the
Australian Guide to Healthy Eating with an emphasis on low-fat cooking methods, portion sizes
and information around suitable low-fat options. As previously outlined, participants in the LFD
group received the same amount and duration of face-to-face and phone-call follow up consultations
with an APD. Dietary advice was delivered by the liver clinic dietitians who consulted trial patients
as they would in standard practice, providing the same recommendations, counselling techniques
and resources given by the hospital nutrition department. In order to compare effectiveness of the
two diets, the LFD was also administered ad /ibitum and dietitians were explicitly asked not to focus
on weight-loss as a main outcome or patient goal. Although the diet was kept as a standard practice
or ‘control’ low-fat diet, researchers ensured that patient-dietitian consultation timing and frequency
matched that of the MedDiet group so that variability would not create bias and the impact of dietary

advice given could be directly compared.
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Participants were provided with $20 AUD Coles supermarket gift card at each of their face-to-face
appointments (baseline, 6-week and 12-week) in order to assist with changes to their diet which the
dietitian may have recommended. This was given in place of the hamper provided to MedDiet
participants and was intended to increase dietary compliance and promote attendance. These gift

cards were purchased using La Trobe University internal grant funding.
2.8 Data Collection and Outcome Measures

Data collected at each intervention time point have been summarised in Table 2.3. Many of the
outcomes collected were to be used in the wider MEDINA study, however the data that will be
reported in this doctoral research are outlined in bold font. The primary and secondary outcomes,
and the clinical outcome measures will be detailed in this chapter. Additional information regarding

the overarching MEDINA study is presented in the published protocol paper.**®

2.8.1 Demographic data

Information regarding participant age, sex, marital status, living arrangements, level of education,
employment information, smoking status, ethnicity and languages spoken was collected using a
common research form (CRF) created for this trial, Appendix 3.3. This information was collected

at each participant’s baseline (0-week) appointment.

2.8.2 Primary Outcomes; Inflammatory Markers

The primary outcomes reported in this doctoral research are inflammatory cytokines; high
sensitivity C-reactive protein (hs-CRP), tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6),

and adipokines; adiponectin, leptin and resistin.

Each participant completed an overnight, 12-hour fast (minimum 10 hours, maximum 14 hours)
and fasting blood samples were collected from participants by a trained phlebotomist at the Alfred
Hospital Pathology Clinic using Serum Separator Tube (SST) vacutainers, which were then
processed and stored by a trained MEDINA researcher. At the Alfred Hospital Gastroenterology
Department laboratory, the 8.5mL sample was centrifuged at 2.4 RPM for 10 minutes and the sera
separated and frozen at -80°C. Four samples were collected at each timepoint for every participant.
Once all enrolled participants had completed the intervention period, all frozen samples were

transported on dry ice to Deakin University, Burwood, Melbourne, for further analysis.

Alongside collaborators from Deakin University, Melbourne, the doctoral candidate (AR) assisted
in the analysis of cytokine and adipokine markers using milliplex immunoassay kits (Millipore
Corp., Billerica, MD, USA). The kits simultaneously measured serum levels of cytokines
(interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a), cat num: HSTCMAG-28SK) and
metabolic hormones (Adiponectin, Resistin and Leptin, cat num: HMHEMAG-34K) as previously
described in Gabel et al. (2016).%7 Each assay was performed according to manufacturer’s

99



instructions provided within the kit and all samples were run in duplicate. Briefly, 25ul of the
provided standards, controls or blanks were added to the appropriate wells, while 25ul of thawed
plasma aliquots were added to the sample wells. 25l of assay buffer was then added to each well
containing the plasma samples, while 25ul of the provided serum matrix was added to wells
containing standards, controls and blanks. 25l of working solution containing multiple microbeads
labelled with specific antibodies against each of the aforementioned factors were then added into
each well and allowed to incubate overnight on a plate shaker at 4°C. The plate was then washed
twice with 200ul Milliplex wash buffer and the beads were incubated for one hour at room
temperature in 25 pl of detection antibodies. 25 ul of Streptavidin-Phycoerythrin was then added to
each well and allowed to incubate for 30min at room temperature with agitation. The plate was then
washed twice more and 150pl of sheath fluid was added to each well and the plate was read on
Bioplex 200 multiplex system (Bio-Rad Laboratories, Hercules, CA) and data was analysed using

Bioplex manager software (V.6.0, Bio-Rad Laboratories, Hercules, CA).

Mean inter-assay coefficient of variation for the 5 factors analysed were as follows: IL-6: 5.5%; IL-
10: 5.1%; TNF-a: 4.7%; Ghrelin: 5.7%; Leptin: 3.7%. Intra-assay coefficient of variation was
determined by replicate analysis (n=11) of the provided assay quality controls, the results were as

follows: IL-6: 7.8%; IL-10: 7.7%; TNF-a: 6.9%; Ghrelin: 5.9%; Leptin: 4.7%.

hs-CRP was not analysed as per the methodology above, instead it was analysed along with routine
biochemistry (details to follow) by the Alfred Pathology Laboratory. All cytokine and adipokine
markers were measured at the baseline (0-week) and end intervention (12-week) timepoints for

participants in both dietary intervention arms.

2.8.3 Secondary Outcomes

2.8.3.1 Anthropometry, Body Composition and Haemodynamic Measures

Anthropometric data collected included measurement of the participant’s height (cm), weight (kg),
waist circumference (cm), hip circumference (cm) and neck circumference (cm). Bioelectric
Impedance Analysis (BIA) was available within the Alfred Hospital Nutrition Department and was
used to measure body composition with the machine brand and model; SECA mBCA 515. Systolic
blood pressure (SBP), diastolic blood pressure (DBP) and resting heart rate (bpm) were measured
by a trained MEDINA researcher using the Omron Model 7051T machine, standard or large cuff.

Measurement protocol for each anthropometric measure were developed based on the measurement
techniques and equipment recommended within the International Standards for Anthropometric

Assessment published by the International Society for the Advancement of Kinanthopometry.**®

Body mass Index (BMI) was calculated using height and weight measurements by dividing weight

(kg) by height (m) squared (kg/m?). Cut offs for BMI were based on the internationally recognised
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World Health Organisation guidelines for normal weight, overweight or obese (BMI 18.5-24.9, 25-
29.9 or >30kg/m2, respectively).>** All of the above measurements were collected at each of the

face-to-face appointments (baseline (0-weeks), 6-weeks and 12-weeks).
A detailed description of the protocol for each measurement has been outlined below:
Height
e The participants height was measured using a wall-mounted stadiometer.
o Ifthe stadiometer was not wall-mounted, the researcher would place it on a hard level floor.
e The participant was asked to remove their shoes and feet were bare or in stockings.
e The participant was asked to remove hats, hair slides, etc. (if wearing them).

e The participant was directed to stand upright with the heels of their feet, buttocks and
occiput (back of skull) touching the backboard of the stadiometer.

e The participant’s head was placed in the Frankfurt Plane position. This is the standard plane
used for the correct orientation of the head, recognised as a line passing through the tragion

(front of the ear) and the lowest point of the eye socket (see Figure 2.2).
e The participant was asked to stand tall, relax their shoulders and take a deep breath.

e The measuring arm of the stadiometer was brought down and placed on the top of the

participant’s head, sitting on top of the hair and pushing down.

e Two measurements were taken in this position to the nearest 0.1cm, the mean of which was

used for data recording purposes.

Figure 2.2. Example of the Frankfurt Plane for measurement

of height using a stadiometer.

e A centre specific, calibrated scale was used to measure the participant’s body weight.

e The participant was asked to remove their shoes, socks and any heavy clothing, and were
weighed in light, indoor clothing only.

e The participant was asked to remove money, keys and/or any heavy items from their

pockets.
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e Measurements were taken after voiding, if possible.
e Body weight was measured to the nearest 0.1kg.
e Body weight was measured using the BIA machine.

Waist Circumference

e A non-stretch tape measure was used to measure waist circumference.

e The participant was in a standing position with the abdomen relaxed, arms at their sides
and the feet together and breathing normally when the measurement was taken.

e The participant wore light clothing and the measurement was made directly on the skin, if
agreeable to the participant. Waist circumference was not measured if the participant was
wearing heavy clothing, a corset or has abdominal oedema.

e Using a pen, a dot was made to identify and mark the iliac crest. The measurement was
made from the mid-point between the supra iliac crest and lower ribs margin (Figure 2.3).

e Again, using a pen a dot was made to identify and mark the bottom of the ribcage (10th
rib). The participant was asked to breathe deeply so that this point can be identified.

o The waist circumference measurement is the mid-point between the bottom of the ribcage

and the iliac crest, as illustrated below.

F

Figure 2.3. Example of measurement protocol for waist circumference

e The researcher stands facing the participant and place an elastic tape measure around the
subject at the mid-point between the lowest rib and supra iliac crest (defined above) in a
horizontal plane.

e The participant was asked to breathe ‘normally’, and the measurement was taken at the end
of the normal expiration, ensuring a true measurement without compressing the skin.

o Ifthe waist was not easily found to take the measurement the researcher asks the participant
to bend to the side, it is where the fold is that the waist measurement should be taken.

e The researcher took the measurement whilst standing at the participant’s left-hand side.

e Waist circumference measurements were taken in duplicate and to the nearest 0.1cm. The
mean value of these two measurements was used as the final value.

Hip Circumference
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e The participant stood erect with arms at their sides and feet together, wearing minimal and
non-restrictive clothes in the measurement area.

e The researcher squats at the side of the participant and measures from the level of the greater
trochanter without compressing the skin. The tape was wrapped horizontally across the
participant’s hip and placed in the same position on the opposite side of their body (Figure
2.3).

e The measurement was recorded in duplicate, to the nearest cm, and the mean of two values
was used as the final measurement.

Neck Circumference

e The participant was standing up with their head up and looking straight.

e Using a flexible measuring tape, the researcher measured the distance around the next
immediately above the thyroid cartilage (the Adam’s apple) (figure 2.4).

o The tape was resting on the skin, not held too tightly or loosely.

o The measurement was taken in duplicate and the mean of two measurements calculated as

the final value.

Figure 2.4. Example of measurement location for neck circumference.

Haemodynamic Measures

Systolic and diastolic blood pressure (mmHg) and resting heart rate (bpm) were measured at the
baseline (0-week) appointment, as well as each subsequent face-to-face visit (6-weeks, 12-weeks,
6-months and 12-months). The blood pressure equipment detailed below were used for all

participants in this study:

e Omron Model 705IT Blood Pressure Machine
e  Omron standard cuff
e Omron large cuff (if required)
Blood pressure measurements were taken after the participant was weighed, and prior to the

measurement of anthropometric measurements. The participant was required to be resting (sitting)
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for 5 minutes or longer before the blood pressure measurement was taken using an appropriately
sized cuff (pneumatic bag 20% wider than the diameter of the upper arm) on the non-dominant arm
supported to heart level. While the measurement was being taken, the participant was asked to

remain quiet (not talking or laughing).

Two measurements were taken and recorded. If the readings of either the systolic or diastolic
measures differed by more than 10mmHg, additional readings were obtained until values from two
consecutive measurements were within 10mmHg. Both readings were recorded and the mean value

of the two were used as the final assessment.

Bioelectrical Impedance analysis (BIA) protocol

e The participant was asked to remove their shoes, socks and any metal (keys), wallet, watch
or jewellery which were on their person or in their pockets.

e The participant stepped onto the BIA machine and place feet and hands on the correct spots
where the BIA electrodes were located.

e The researcher entered the appropriate data into the BIA, including; height and weight (the
machine calculates BMI), the participant code, date of birth and activity level.

e Once relevant information was confirmed, the BIA ran the scan.

e The researcher recorded each measurement value (and units) provided by the scan.

o The machine was wiped down with an anti-bacterial wipe after each participant had

completed the scan and prior to the next participant being scanned.

2.8.3.2 Biochemistry

Venous, fasting (at least 8h since last eating) blood samples were collected from all participants
during face-to-face appointments (baseline, 6-weeks and 12-weeks). The collection and analysis of
the blood biomarkers listed in this section were carried out by the Alfred Hospital Pathology. The

protocol is described below:

e Fasting glucose and insulin.
e Liver enzymes (total protein, albumin, globulin, bilirubin, Aspartate Aminotransferase
(AST), Alanine Aminotransferase (ALT) and Gamma- Glutamyl Transferase (GGT)).
e Lipid studies (total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein
(HDL), triglycerides).
e Inflammatory marker (hs-CRP).
The summary of the pathology markers measured with corresponding normal reference ranges are
listed in Table 2.4 (below). Measurement of uncertainty and Clinical Biochemistry Methods
adopted by Alfred pathology are described Appendix 5. Listed below are the vacutainers collected

at each timepoint:
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e Baseline: 5Sml lithium heparin, 2ml FLOX, 3.5ml SST x3, 3ml EDTA, 6ml EDTA, 8.5ml
SST, 4ml CPT x2.

o 6 weeks: Sml lithium heparin, 2ml FLOX, 8.5ml SST, 6ml EDTA, 8.5ml SST, 42.0ml CPT
x2.

o 12 weeks: 5ml lithium heparin, 2ml FLOX, 8.5ml SST, 6ml EDTA, 8.5ml SST, 4ml CPT
x2.

2.8.3.3 Insulin Resistance

Insulin resistance is often used as a surrogate marker in NAFLD and T2DM. ®*® In this study insulin
resistance was determined using results of insulin and glucose collected from fasting blood samples.
The homeostatic model assessment insulin resistance (HOMA-IR) value or score was calculating

using the formula: (Glucose (mmol/L) x Insulin (mmol/L))/22.5. ©&

2.8.3.4 Liver Outcomes: Intrahepatic Lipids (IHL) and Liver Stiffness Measure
(LSM)

Magnetic resonance imaging technique, proton magnetic resonance spectroscopy (‘H-MRS), was
used to measure hepatic steatosis which was used to calculate IHL (%). Presently, this is the gold
standard imaging technique used to quantify hepatic steatosis.*® In the MEDINA study, all MRI
scans were performed using an Avanto 1.5T system (Siemens, Erlangen Germany). One peripheral
array and two body array coils obtain coverage from the diaphragm to the pelvis and the standard
spine array coil provides posterior coverage. A 3x3x3cm volume of interest was centred within the
right lobe of the liver (avoiding major vessels and ducts) and in the right vastus lateralis muscle
belly. On a few occasions when body habitus prohibited use of vastus lateralis, the vastus medialis
was used for all scans in that individual. All voxel positions were documented and saved on the
initial MRI examination to aid reproducibility on subsequent scans. Hepatic and muscle spectra
were acquired using the PRESS (point resolved spectroscopy) technique (TR = 3000 ms, TE =35
ms, 16 measurements, 1024 sample points). Excitation water suppression was used to suppress the
water signal during data acquisition. Unsuppressed water spectra were also acquired in vivo for use
as the internal standard. Hepatic spectral data were post-processed by magnetic resonance user
interface software (jJMRUI version 3.0, EU Project). 1H-MRS processing was performed by an

experimenter blinded to participants and treatment allocation.

Transient Elastography (TE) ultrasound was carried out by Hepatologist’s at the Alfred Hospital
using a Fibroscan® machine. TE at 50Hz uses ultrasound to make measurements of the stiffness of
the liver. The velocity of a vibration wave (or shear wave) is measured by the time it takes to travel

to a particular depth inside the liver.?*?

A minimum of 10 valid readings were taken in a single
sitting and the median result expressed in kilopascals, which was then interpreted, along with other

clinical and biochemical indications, to infer the level of fibrosis. The process requires that the
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participant lays on a bed with their right arm raised, whilst a probe similar to an ultrasound probe
was placed on their abdomen near the liver. The patient could feel gentle clicks whilst the machine
takes the measurements, however it is not painful.?? Liver stiffness measure was determined and
reported in Kilo Pasqual’s KPa. Recent Australian consensus guidelines on TE recommend patients

fast for two hours prior to the procedure, this was included in the study protocol for this trial.>**

2.8.4 Questionnaires

Participants completed a number of questionnaires at each timepoint. The questionnaires are listed
below with a brief description of their use. All questionnaires were not analysed for this doctorate,

the underlined data was derived for this thesis;

- 3-day food diary (Appendix 6.1): used to assess habitual dietary intake and dietary

compliance. Participants were asked to keep a detailed record of all food and fluid
consumed over three days, specifically two weekdays and one weekend day. In order to
minimise recall error participants were advised to record their intake throughout the day or
at the end of each day. During each face to face appointment (weeks 0, 6 and 12) the study
dietitian thoroughly checked the food diary to ensure enough detail was provided and to
clarify any errors or misinterpretations while the participant was present. Portion sizes and
quantities of food, beverage or ingredients were measured using household measures (e.g.,
teaspoons, tablespoons, cups, etc.).

- PREDIMED Checklist for the MedDiet (Appendix 6.2): uses a 14-point score to calculate

a crude measure of adherence to a MedDiet. This tool was developed, validated and used
in the large-scale PREDIMED trial. Specifically, the tool has been validated against FFQ-
derived data in which the PREDIMED score was inversely associated with 10-year
estimated CHD-risk in the Spanish PREDIMED cohort.**® This MedDiet scoring tool has
1,360

been widely used and is considered to be a valid and reliable too

- PREDIMED Checklist for the LFD (Appendix 6.3): uses a 14-point score to calculate a

crude measure of adherence to the LFD. This tool was developed, validated and used in the
large-scale PREDIMED trial.

- The Cancer Council Food Frequency Questionnaire (FFQ), also known as the Dietary
Questionnaire for Epidemiological Studies (DQES): was developed by the Cancer Council
Victoria in the 1980s to measure dietary intake of participants in the Melbourne
Collaborative Study.*! The updated FFQ (modified since 1980s version) is designed to be
self-administered and covers dietary intake over a period of 12-months.

- Active Australia Questionnaire: used to measure physical activity. This questionnaire is
validated and widely considered to be reliable.’*

- The 36-item Short Form Survey (SF-36): allows participants to evaluate and self-report

health determined quality of life. This is a reliable and validated questionnaire.*®
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Table 2.3. Summary of data collected at MEDINA Study appointments during the 12-week intervention

Timepoint Data Collected Questionnaires | Tests and Biomarkers
Imaging
Baseline Demographic Data | 3-day food diary Buccal swab Fasting glucose
(0-week) Anthropometry! PREDIMED Pathology and insulin
Dietary Checklist samples: HbA1C
Consultation & FFQ - Fasting blood LFTs:
Goal Setting Active Australia test -ALT
SF-36 - PBMC - AST
- Urine - GGT
Imaging: - ALP
- 1H-MRS Lipid Profile:
- Fibroscan -TC
Other: -LDLC
- BIA - HDL-C
- DEXA - Triglycerides
(optional) U&Es, FBE
Fe studies
Vitamin A, E, D
C peptide
Inflammatory
markers:
- hs-CRP
- TNF-a
-1L-6
- Adiponectin
- Leptin
- Resistin
Mid-Intervention | Anthropometry’ 3-day food diary Pathology Fasting glucose
(6-week) Dietary PREDIMED samples: and insulin
Consultation & Checklist - Fasting blood LFTs:
Goal Setting FFQ test -ALT
Active Australia - Urine - AST
SF-36 Other: - GGT
- BIA - ALP
Lipid Profile:
-TC
-LDLC
- HDL-C
- Triglycerides
End-Intervention | Anthropometry' 3-day food diary Pathology Fasting glucose
(12-week) Dietary PREDIMED samples: and insulin
Consultation & Checklist - Fasting blood HbA1C
Goal Setting FFQ test LFTs:
Active Australia - PBMC -ALT
SF-36 - Urine - AST
Imaging: - GGT
- IH-MRS - ALP
- Fibroscan Lipid Profile:
Other: -TC
- BIA -LDLC
- DEXA - HDL-C
(optional) - Triglycerides
U&Es, FBE
Fe studies

Vitamin A, E, D
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C peptide
Inflammatory
markers:

- hs-CRP

- TNF-a
-1L-6

- Adiponectin
- Leptin

- Resistin

Follow-up
(6-month)

As per mid-intervention appointment

Follow-up
(12-month)

As per end-intervention appointment

Phone call
follow-ups
(2w, 4w, Ow)

Goal Setting

! Anthropometry includes weight (kg), height (cm), BMI (kg/m?), neck circumference (cm), waist
circumference (cm), hip circumference (cm), waist-to-hip ratio. Abbreviations: FFQ, food frequency
questionnaire; PBMC'’s, peripheral blood mononuclear cells; BIA, Bioelectrical impendence analysis;
DXA, Dual energy x-ray absorptiometry; HbAlc, Haemoglobin Alc; LFT’s, Liver Function Test’s; ALT,

alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, Gamma-

glutamyl-transferase; HDL, High Density Lipoproteins; LDL, Low density Lipoproteins; TG, Triglycerides;

U&E’s, urea and electrolytes; FBE, full blood examination; Fe, Iron; hs-CRP: high sensitive c-reactive

protein; TNF-q, tumor necrosis factor-alpha; IL-6, Interleukin-6;
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Table 2.4. Summary of the pathology markers measured with corresponding normal reference ranges

Biomarker Collection Method Technicians Reference Range
Inflammatory markers
hs-CRP Serum Vacutainers: SST | The PhD Candidate with | Normal: <3.0mg/L
o ) Lab Assistants at Deakin | Chronic low-grade
Spec.lal II.lStﬂlC'EIOI‘lS. A University elevation: 3 - 10mg/L
cardiac risk marker, Acute elevation: >10mg/L
normally only performed
on outpatients.
TNF-a Serum Vacutainers: SST No established reference
range.
IL-6 Serum Vacutainers: SST No established reference
range.
Adiponectin Serum Vacutainers: SST No established reference
range.
Leptin Serum Vacutainers: SST No established reference
range.
Resistin Serum Vacutainers: SST No established reference

range.

Insulin resistance

HOMA-IR >2.0 mmol/L

Glucose Plasma and Serum Alfred Health Pathology | Fasting: 3.5 - 6.0 mmol/L
Vacutainers:
Fluoride Oxalate,
Lithium Heparin, SST
Special instructions:
Fasting
Insulin Serum Vacutainers: SST <25 mIU/L
and a Fluoride/Oxalate
tube for Glucose must be
collected at the same
time.
Special instructions:
Fasting, on ice and to lab
immediately.
Liver Enzymes
AST Serum Vacutainers: SST | Alfred Health Pathology | Adult 18+ years:
Male: <35 U/L
Female: <30 U/L
ALT Plasma and Serum Adult 18+ years:
Vacutainers: SST, Male: <40 U/L
Lithium Heparin Female: <35 U/L
GGT Serum Vacutainers: SST Male: <62 U/L
Female: <38 U/L
ALP Plasma and Serum Adult >/= 22 years:

Vacutainers: SST,
Lithium Heparin

Male and Female:
30-110U/L
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Total Protein

Serum Vacutainers: SST

Adult 19+ years:
Serum: 60 - 80 g/L

Fasting

Albumin Blood Vacutainers: SST Adult 19+ years:
Serum: 33 - 46 g/L
Globulin Blood Vacutainers: SST, Male and Female:
Lithium Heparin 24 -39 g/LL
Bilirubin Plasma and Serum Male and Female:
Vacutainers: SST, <21 umol/L
Lithium Heparin
Lipid Studies
Total Cholesterol Serum Vacutainers: SST | Alfred Health Pathology | Recommended:
< 5.5 mmol/L
LDL-C Serum Vacutainers: SST Recommended:
Special instructions: < 3.5 mmol/L
Fasting LDL is not measured directly but
is calculated using the
Friedewald formula: LDLC =
(total CHOL)-(HDLC)~(TG/2.2).
This formula cannot be used
where TG > 4.5mmol/L
HDL-C Serum Vacutainers: SST Recommended:
Special instructions: > 1.0 mmol/L
Fasting
Triglycerides Serum Vacutainers: SST Recommended:
Special instructions: < 2.0 mmol/L

Abbreviations: hs-CRP: high sensitive c-reactive protein; TNF-a, tumor necrosis factor-alpha; IL-6,
Interleukin-6; ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase;
GGT, Gamma-glutamyl-transferase; HDL, High Density Lipoproteins; LDL, Low density Lipoproteins.
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1. Participant arrives fasting.
(0 minutes)

2. Ask participant for urine
collection.
{5 minutes)

Participant

Should be callected at hame,
otherwise provide container for
specimen collection. )

3. Participant has fasting blood
test
(20 minutes)

Take participant to main hospital
building.

Pathology coliection level 1.
Retain CPT Vocutoiner. Note tirme.

Pathology slips

{routine x1 and non-routne

w2)
-

3x vacutainers

{CPT, 55T, EDTA)

-

Tx aliquot tubes

[3x plasma, &y s=rumi)

4. Participant has BIA.
(15 minutes)

Take participant to level 5 (main
hospital).

Participant remaoves shoes and socks.
Measure height. Record weight from
BlA ond conduct BIA- record results.

Anthropometny

5. Participant will have remaining
anthropometric measurements &
Buccal swap fbaseline only).

{5 minutes)

Take participant to Alfred Centre,
to research consultation room.
Take waist and hip circumjference
and neck girth.

Anthropometry

6. Check all questionnaires are
completed.
(10 minutes)

check: 3-d food diary, FFQ. PREDVMED
checklist, Active Australio gnd 5F -36. Tick
off on CAF. Provide writoiner and
guestionnaires for next review.

Consultation CRF

7. Participant’s attend dietetic
consultation.
(20-30 minutes)

Provide education on study diet.

Uise 3 day food diary’ FROY Checklist
to guide education. Provide resources.
Remind potient about phone call
follow wps, discuss preferred time.

8. Ensure subsequent
appointments for research, MR-5
{if applicable) and DXA (if
applicable) have been made.

{5 minutes)

Consultation CRF
Personal Qns CRF -
(Baszeline only)
Record goals in
handbook.

Phone call follow-up
fonm.

Ensure appointments are recaorded
in participant handbook.

9. Provide participant with
breakfast, any relevant hamper/
voucher, questionnaires and urine
collection container.

(5 minutes)

Remind participant if they hawe
Fibroscan, time. Check all subsequent
oppointments are booked in
{consuitation/ radiology’ DXA) Ensure
participant has ample time to eat and
fast 2hr before Fibroscan.

10. Participant undergoes
Fibroscan.
(15-20 minutes)

Gastroenteralogy Department
1.30pm onwards
2Zhr fast before sean

Fibroscon at baseline, 3 & 12 months.

Figure 2.5. Summary of participant face to face appointment at baseline, 6-weeks, and 12-weeks.

Reprinted with permission from George, E. S. (2017). A Mediterranean diet for the management of non-
alcoholic fatty liver disease (Doctoral thesis, La Trobe University, Melbourne, Australia). Retrieved
from http://hdl.handle net/1959.9/564467
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2.8.4.1 Dietary Assessment

Three-day food diaries at each timepoint were entered into the software FoodWorks 9™ and
analysed using the following databases; AUSNUT 2013, AusBrands 2015 and AusFoods 2015. Diet
composition data —macronutrient, micronutrient and food group intake — were exported from
FoodWorks 9™ for analysis. Nutrient and food group definitions, classifications, serving sizes were

based on the settings in Xyris, Foodworks 9™ software and can be found in Appendix 7.
2.8.4.2 Adherence to the Mediterranean Diet

The PREDIMED score was used to measure adherence to a Mediterranean dietary pattern. The
PREDIMED score is a 14-point checklist that was developed and validated by researchers in the
large-scale PREDIMED trial to assess the effects of a MedDiet in patients with cardiovascular
disease (CVD).** The scoring criteria is +1 for adherence to a component of the checklist and 0 for
non-adherence to a component, thus a higher overall score indicates greater adherence. Each
component of the checklist reflects a key component (or principle) of the MedDiet, such as use of
olive oil as main culinary fat, and increased consumption of vegetable, fruit, fish, legumes and nut
serves. One component focuses on the preferential consumption of white meat over red meat and
another component regards the regular consumption of one glass of red wine per day (favourable).
Reducing consumption of commercial sweets and using sofrito cooking method (a red sauce with
onions and/or garlic and/ or leeks) are also scored favourably on the checklist. An example of the
PREDIMED checklist is provided in Appendix 6.2. The checklist was completed by all participants
in the MedDiet intervention group at baseline (0-weeks), mid-intervention (6-weeks) and end-
intervention (12-weeks). To avoid any confusion or errors in reporting, the consulting dietitian
reviewed the checklist during the dietary consultation. This ensured accuracy of reporting and the
opportunity to cross-check the information on the PREDIMED checklist was consistent with diet
data reported in the three-day food diary. Participants in the LFD intervention group did not
complete the MedDiet PREDIMED score during the intervention, however the checklist was
completed retrospectively for participants in the LFD group using three-day food diaries so that
comparisons with MedDiet adherence could be made between groups. This was done by a trained

MEDINA researcher (AR).

2.8.4.3 Adherence to the Low Fat Diet

A separate 9-item PREDIMED checklist was used as a crude measure for adherence to a LFD in
the LFD group. This checklist was also developed by the aforementioned PREDIMED Study and
contained key components of the LFD and questions regarding low-fat cooking methods, for which
participants scored +1 point for adherence and ‘0’ for non-adherence. The greater the score (up to
9), implied the greater adherence to the LFD. An example of this checklist is presented in Appendix
6.3. Each participant in the LFD group completed this checklist prior to each face-to-face
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appointment (0-, 6- and 12-weeks) and the checklist as reviewed by the consulting dietitian during
their dietary consult to ensure participants understood the checklist and to minimise errors or

inconsistencies.

2.8.5 Dietary Inflammatory Index

The DII® score was calculated for each participant at baseline and at the end of intervention (12-
week) to provide a measure of the theoretical inflammatory potential of their diet. As a reference
for each diet arm, the DII was also calculated based on the MedDiet intervention 2-week meal plan
and the LFD intervention 2-week meal plan.>®> The meal plans were entered into FoodWorks8 and
additional nutrient databases as necessary, and a complete list of the 45 nutrient parameters listed
in the index (Appendix 2) were exported into an excel spread sheet which was used to calculate the
DII score of each diet plan. Researchers of the AUSMED Study, a study of the MedDiet vs Low-
Fat Diet in Australian patients who have experienced a coronary event, then sent this spreadsheet
electronically to collaborators Dr Nitin Shivappa and Prof James Hebert of the University of South
Carolina, USA, who performed calculation of the DII scores. This data has been published
elsewhere.**® The AUSMED Study and MEDINA Trial were conceptualised by the same research
group at La Trobe University, Melbourne, Australia, and both trials utilise the same dietary
intervention profiles. Therefore, the DII scores of each meal plan were used in this study to analyse
if the inflammatory potential of the MedDiet meal plan differed to that of the LFD meal plan, and
if participants in respective groups increased adherence to their respective diets in turn improving

their DII score.

Dietary data for intake of energy and nutrients (total fat, saturated fat, monounsaturated fatty acid
(MUFA), polyunsaturated fatty acid (PUFA), omega 3, omega 6 (linoleic acid only), trans fat,
cholesterol, carbohydrate, protein, vitamin B12, vitamin B6, vitamin A, vitamin C, vitamin E,
caffeine, alcohol, fibre, beta carotene, folic acid, iron, magnesium, niacin, riboflavin, selenium,
thiamine and zinc) were determined through the standard FoodWorks9 nutrient analysis software
using AUSNUT 2013, AusBrands 2015 and AusFoods 2015 databases which was collected and
input from the 3-day food diaries collected at each timepoint. Food and nutrient parameters that
were not available from FoodWorks9 and therefore not calculated for participants in this cohort,
were: garlic, ginger, saffron, turmeric, vitamin D, green/black tea, flavan-3-ol, flavones, flavanols,
flavanones, eugenol, anthocyanidins, isoflavones, pepper, thyme, oregano and rosemary. The units
of all nutrient components were converted to those prescribed in the index, in the case that they
were not already in that measurement unit. Once the data for the 28 food and nutrient parameters
was calculated using FoodWorks, data was collated in a Microsoft Excel spread sheet for each
timepoint (baseline and end-intervention). An electronic copy of the spreadsheet was then provided
to collaborators Dr Nitin Shivappa and Prof James Hebert of the University of South Carolina, USA,
who calculated the DII scores of each participant in the MEDINA Study.
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2.9 Genotyping

Cheek cells were collected using buccal swabs (Isohelix Swabs SK1S); and DNA was extracted
using Wizard Genomic DNA Purification Kit (Promega,USA) catalogue number A1120 according
to manufacturer’s protocol. Extracted DNA samples were stored at -20°C in micro-centrifuge tubes
until further analysis. The extracted DNA was quantified and checked for purity by Nanodrop
spectrophotometer. Thereafter the DNA samples were genotyped on a SNP array using quantitative
real-time PCR on a Life Technologies QuantStudio 12K Real Time PCR system using the cycle
relative threshold (Crt) method. The reactions were carried out based on two assays, each with two
primers and a Tagman probe, one specific to the target SNP. The output from this system is then

entered into and analyzed by Life Technologies Copy Caller software (v 2.1).

2.10 Ethics Approval

Participant appointments were conducted at the Alfred Hospital, Melbourne, and a full high-risk
ethics application was submitted and approved by Alfred Health (project number: 76/14). Low risk
ethics applications were submitted and approved from Eastern Health and Melbourne Health where
screening and recruitment was conducted. Expedited human research ethics committee review was
approved from La Trobe University which was the overseeing institution for the clinical trial. Ethics
was also obtained from St Vincent’s Hospital however there were no participants included from

this site within this doctoral thesis. Approval certificates are available in Appendix 8.
2.11 Sample Size

A power calculation for the overarching MEDINA trial was performed by a trained statistician
based on IHL (%) as the primary outcome. The sample size was calculated based on data previously
published by Ryan et al. (2013) with the assumption that the MedDiet group would achieve 25%
change in IHL and the LFD group would achieve 5% change in IHL.>® To detect this 20%
difference in change of IHL between groups, with at least 80% power (type I error = 5%), the trial
needed to recruit 17 participants to each study group. After adjustment for 20% dropout rate, the

required sample size was calculated to be 17/0.8 = 21 participants per group.

The candidates systematic literature review 2°¢ provided insight into the limited number of dietary
intervention trials which have investigated the effects of diet on inflammatory markers in patients
with NAFLD. From the data available for the primary outcome measures of this thesis, cytokines;
hs-CRP, TNF-a and IL-6, and adipokines; adiponectin, leptin and resistin, a sample size calculation
was performed prior to analysis of these outcomes. An a priori power analysis powered to see a
significant change in each cytokine and adipokine marker was based on the statistical test for
‘Means: Difference between two independent means (two groups)’. The sample size calculation

was performed using the statistical software program G*Power 3.0.10. The calculation included the
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effect size, power (1-f err prob) of 80% and 0<0.05. The estimated sample size prediction required
between 120 — 350 participants, depending on the sensitivity of each inflammatory marker. These
calculations are available in Appendix 9. Recruitment of a sample size this large was not achievable
due to study funding or feasible in keeping with PhD timelines, therefore it was deemed more
appropriate to use the data obtained from this study as pilot and feasibility trial data, to add to the
limited evidence in this area and to inform future study design, recruitment and data analysis.
Additionally, this was a secondary analysis and is largely exploratory research. The outcomes
measured in chapters 5 and 6 of this thesis are largely exploratory in nature, hence formal sample
size calculations were not performed. Information is provided in the relevant chapters’ methods

sections.

2.12 Data Analysis

Details regarding the statistical analysis conducted for each research chapter are described in the
respective methods sections of each chapter. All statistical analyses were performed using SPSS

statistical package version 25.0 (IBM Corp, Released, 2017).
2.13 Investigator Involvement in Research Tasks

Table 2.5 (below) provides an overview of the various research tasks carried out by the Candidate
and other investigators as part of the MEDINA Study. The Candidate substantially contributed to
all stages of trial coordination, screening and recruitment of participants, data collection, entry and

analysis.

Table 2.5. Overview of research tasks related to this thesis and involvement of the Candidate and
other investigators

Research Task Researcher/Investigator Location

Study Design

Trial Protocol Dr Elena George La Trobe University
Prof Stuart Roberts The Alfred Hospital,
A/Prof Amanda Nicoll Melbourne
Dr Marno Ryan Eastern Health
Dr Agus Salim St Vincent’s Hospital,
Prof Catherine Itsiopoulos Melbourne
Dr Audrey Tierney (PI)

Diet Interventions Dr Elena George La Trobe University

Teagan Kucianski
Prof Catherine Itsiopoulos
Dr Audrey Tierney

Data Collection
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Screening and Recruitment

Randomisation
Mediterranean Diet Dietitian

Low-Fat Diet Dietitian

Provision and collection of
study hampers, forms and
questionnaires during face-to-
face appointments

(weeks 0, 6 and 12)
Anthropometry and Body
Composition (via bioelectrical
impedance analysis)

Blood pressure and heart rate

Dual Energy X-Ray
Absorptiometry scans
Radiology (H1 MRS)
Transient Elastography
(Fibroscan®)

Data entry

Data Analysis
Demographics

Food diaries/
FoodWorks analysis

Dietary Inflammatory Index

Single Nucleotide
Polymorphisms

Laboratory Analysis

Anj Reddy (Candidate)
Dr Elena George
Tonya Paris

Dr Elena George

Dr Elena George

Lauren Manning

Lisa Murnane

Katie McKean

Anj Reddy (Candidate)
Dr Elena George

Anj Reddy (Candidate)
Dr Elena George

Anj Reddy (Candidate)
Dr Elena George

Anj Reddy (Candidate)
Dr Elena George

Baker Heart and Diabetes
Institute Radiologist

Prof Stuart Roberts

Dr William Kemp

Dr Matthew Kitson

Anj Reddy (Candidate)
Dr Elena George

Tonya Paris

Stacey Anne Fong-To
Lauren Manning

Anj Reddy (Candidate)

Anj Reddy (Candidate)

Anj Reddy (Candidate)
Dr Elena George

Dr Nitin Shivappa

Prof James Hébert

Anj Reddy (Candidate)
Dr Chee Kai Chan

The Alfred Hospital,
Melbourne

St Vincent’s Hospital,
Melbourne

The Royal Melbourne Hospital
La Trobe University

La Trobe University

The Alfred Hospital,
Melbourne
The Alfred Hospital,
Melbourne

The Alfred Hospital,
Melbourne

The Alfred Hospital,
Melbourne

La Trobe University

Baker Heart and Diabetes
Institute, The Alfred Hospital
Melbourne

Department of
Gastroenterology, The Alfred
Hospital Melbourne

La Trobe University

La Trobe University
University of South
Carolina

La Trobe University
Fitgenes©
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Blood Biomarkers Alfred Health Pathology The Alfred Hospital,

laboratory technicians Melbourne

Inflammatory Markers Anj Reddy (Candidate) Deakin University, Melbourne
Dr Shaun Mason
Dr Paul Della Gatta

Genotyping Dr Chee Kai Chan Fitgenes©
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3 Sex and metabolic differences in patients with NAFLD:

The MEDINA Study Cohort at Baseline

3.1 Abstract

Introduction: Non-Alcoholic Fatty Liver Disease is the most prevalent liver disease worldwide
and continues to rise in parallel with rates of obesity and type 2 diabetes mellitus. Up to 20% of
people with the disease will progress to more advanced stages of non-alcoholic steatohepatitis and
progressed liver disease. Insulin resistance and inflammation are central underlying features of non-
alcoholic fatty liver disease and drive disease progression if left unmanaged with dietary and
lifestyle modification. This chapter describes the demographics of participants with biopsy or
ultrasound proven non-alcoholic fatty liver disease, and assesses anthropometric, body
composition, biochemical, inflammatory, liver and dietary characteristics of the group, and explores

sex differences and differences between those with and without metabolic syndrome.

Methods: This was a cross-sectional analysis of forty-two participants with non-alcoholic fatty
liver disease recruited to participate in the Mediterranean Dietary Intervention for Adults with Non-
Alcoholic Fatty Liver Disease (MEDINA) Study. Participants were recruited from liver outpatient
clinics at three hospitals in Melbourne; the Alfred Hospital, Eastern Health and the Royal
Melbourne Hospital. Medical records were screened, and eligible participants attended a baseline
appointment where self-reported sociodemographic data and 3-day food diaries were collected.

Anthropometry, body composition, biochemical samples and liver outcomes were measured.

Results: Enrolled participants (60% female, mean age 52 + 13 years) were mostly obese (mean
BMI 32 + 6 kg/m?) and insulin resistant (mean HOMA-IR 3.8 + 2.9). Over half the group met
criteria for metabolic syndrome but did not have a worse metabolic or inflammatory profile than
those who did not. Females tended to be older (p <0.05), more insulin resistant and have higher
leptin (p <0.05) and IL-6 concentrations. Males had lower (more unfavourable) adiponectin levels
and tended to have higher visceral fat content (p <0.05). This cohort were consuming less than the
population requirements for energy and carbohydrate intake set by NHMRC guidelines to reduce
chronic disease risk, though exceeding recommended intakes of total and saturated fat, total sugars,

and protein. They were also not meeting the required serves of fruits and vegetables.

Conclusion: Non-alcoholic fatty liver disease is a complex disorder. Noting key sex differences
such as adipose tissue distribution, levels of insulin resistance and inflammatory status may be
useful for screening at the asymptomatic stage. Improvements in diet quality would be beneficial
in this group, particularly adhering to dietary and lifestyle guidelines for the management of non-

alcoholic fatty liver disease.
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3.2 Introduction

Non-Alcoholic Fatty Liver Disease (NAFLD) is characterised by fatty infiltration of the liver that
occurs in the absence of excess alcohol consumption, which can progress to a broad spectrum of
liver disease including Non-Alcoholic Steatohepatitis (NASH), with various degrees of lobular
inflammation, fibrosis and cirrhosis.’*® Once cirrhotic, individuals are at increased risk of
developing hepatocellular carcinoma, end-stage liver disease and all-cause mortality.**’ NAFLD in
its simplest form however, has been identified as an independent risk-factor for cardiovascular
disease which is also the leading cause of death in this population.’¢® 3® It is also projected to
become the leading indication for liver transplantation in Western countries by 2030.37° NAFLD is
estimated to be prevalent in up to 30% of the population world-wide, of whom approximately 10-
20% will develop NASH and 9-15% of NASH patients will progress to cirrhosis.>”! The growing
clinical burden of NAFLD has been evident over a number of decades, though the scope of the
disease was confined to liver-related morbidity and mortality. In more recent years, due to strong
association and epidemiological studies fatty liver is increasingly seen as a multisystem disease

which affects several extra-hepatic organs and regulatory pathways.*”°

Obesity is a common characteristic and risk factor for individuals with chronic metabolic diseases.
The overlap between obesity, type 2 diabetes mellitus (T2DM) and the metabolic syndrome (MetS),
as well as dyslipidaemia is widely reported in the literature. An estimated 70-80% of obese
individuals have NAFLD, and at least 15-20% have NASH.?"? Similarly, up to 70% of patients with
T2DM also have NAFLD, 88% of patients with NASH have the MetS, and dyslipidaemia is present
in 50-60% of individuals with NAFLD.?”*: 3™ Obesity is caused by excess energy intake, usually
coupled with physical inactivity, leading to excessive accumulation of adipose tissue. The storage
and expansion of excess adipose tissue is associated with an imbalance in glucose and lipid
metabolism and increases secretion of pro-inflammatory markers.’” Insulin resistance (IR)
increases metabolic stress and lipolysis,*”* and the dysregulation of non-esterified fatty acids which
are taken up by the liver, skeletal muscle and pancreas.’’> >’ Hyperinsulinemia is strongly
associated with the prevalence of NAFLD, as it develops to facilitate normal glucose homeostasis,
and drives de novo lipogenesis through upregulation of the transcription factor Sterol Regulatory

Element Binding Protein-1¢ (SREBP-1¢).!?% 376

The progression of NAFLD to NASH is poorly understood, but is thought to be driven by a more
progressive, inflammatory disease phenotype, suggesting that there are many “hits” acting on the
liver in parallel.*”” Tilg and Moschen (2010) proposed a “multiple hit hypothesis” which includes
IR, gut and adipose tissue derived hormones, nutritional, genetic and epigenetic influences as the
main contributors to disease progression.’”” Among this cascade of mechanisms, key inflammatory
cytokines; C-reactive protein (CRP), tumour necrosis factor-alpha (TNF-a), interleukin-6 (IL-6),
and adipokines; adiponectin, resistin and leptin, are recognised as biomarkers of chronic low grade
inflammation in NAFLD.?”” Adiponectin is a classic adipokine associated with NAFLD, acting as
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an anti-inflammatory and anti-fibrotic mediator in the development and progression of the disease.
Unlike other inflammatory markers, adiponectin is suggested to be found in lower concentrations
in those with NAFLD and NASH. Cross-sectional studies have reported associations between
elevated serum TNF-o and IL-6 with NAFLD, while the relationship between resistin and leptin
with NAFLD is less often reported. Some clinical trials have investigated the effect of dietary
interventions on liver histology (including severity of hepatic steatosis) and inflammatory markers
finding that dietary modification can improve both liver and inflammatory outcomes,?> 378381
though one specific diet has not been found superior over others. Furthermore, the degree to which
inflammatory markers influence liver histology, hepatic steatosis and progression to a more severe
disease phenotype has not been explained. Individuals with NAFLD who are attending the clinical

setting for care/treatment are ideal for recruitment into experimental studies and results could form

the basis for more targeted dietary treatment approaches.

Indeed, visceral adiposity and elevated circulating inflammatory markers are independent risk
factors for NAFLD. Many studies have found that NAFLD and NASH are associated with visceral
adiposity, elevated inflammatory biomarkers and risk of developing cardiovascular disease
(CVD), 158 159,162, 204.373. 382 jmplying NAFLD/NASH as an additional feature of the MetS.*** A study
in both obese and nonobese subjects found a positive correlation between the severity of fatty liver
with visceral fat accumulation and insulin resistance, suggesting that visceral fat accumulation may
influence hepatic fat infiltration in non-alcoholic fatty liver disease regardless of body mass
index.*® The influence of visceral adiposity as a strong predictor of cardiometabolic risk, chronic
inflammation and hypoadiponectinemia was reported in biopsy-proven NASH patients.’®*
Interestingly, this study found that compared to healthy controls with comparable values of visceral
adiposity NASH patients were more insulin resistant and had remarkably higher hs-CRP and lower
adiponectin, implying that NASH predicts a more atherogenic and inflammatory risk profile
independent of visceral adiposity.*® It remains unclear whether the accumulation of adipose tissue
and consequent inflammation is a determinant of who develops NAFLD/NASH or whether fatty
infiltration of the liver derives inflammatory markers causing adipose tissue inflammation, and

therefore systemic inflammation, T2DM and CVD.33 3%

Classic risk factors for NAFLD are age, sex and ethnicity. The prevalence of NAFLD is different
between males and females, although reports of sex distribution are somewhat inconsistent.
Currently, the prevalence of NAFLD is estimated to be approximately 30-40% in males and 15-
20% in females.’® Originally it was thought that NAFLD was more common in females,
particularly middle-aged and older women, though these findings were not population based and
were subject to potential bias.®” Data from NHANES III, showed most studies reported that
NAFLD was significantly more prevalent in males than in females.®* 3-3% In males, prevalence of
NAFLD and histological NASH were associated with elevated aminotransferase levels (ALT),

hepatic fibrosis and mortality.**! More recently, data gathered from NAFLD-related hospitalisations
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in the United States reported a higher proportion of females (61%) than males (39%) presented in
a hospital setting.>*> Given these inconsistencies, it remains uncertain whether NAFLD is more
prevalent in males or females. The tendency of NAFLD to be influenced by sex is also unclear and
mechanisms contributing to the difference, while somewhat defined, remain unclear and under-
studied. Some studies attribute higher NAFLD prevalence in males to higher waist-to-hip
circumference ratio (WHR) related to higher visceral adiposity and therefore higher hepatic and
peripheral IR.*7-3% Moderate alcohol intake in Caucasian men has been associated with increased

).*% More commonly

hepatic steatosis compared to female counterparts (42% vs 20%, P = 0.03
reported however, are lifestyle and sex hormone influences in the development and progression of
NAFLD — usually impacting the female population. The prevalence of NAFLD in women tends to
be higher after menopause.*** Most of the evidence suggests that oestrogen protects from NAFLD
and hormone replacement therapy following menopause can significantly reduce ALT in women
with T2DM.*** The influence of sex is an important factor in the development of chronic conditions
such as the MetS and NAFLD and its association with pathological features of inflammation as a

risk factor of disease requires investigation.

It has been reported that a NAFLD population generally consume a high-calorie diet consisting of
excess saturated fats, refined carbohydrates, high fructose containing beverages and sugar
sweetened food items.**> Omega-3 fatty acids and antioxidants are consumed in lesser amounts by
individuals with NAFLD. Highly processed, sweetened foods and high-fructose containing drinks
are strongly associated with severity of liver fibrosis in NAFLD.**® Particularly, fructose
consumption is detrimental to the inflammatory pathways and cellular stress pathways.*’ More
recently, research on sugar deems glucose and added sugars, not only fructose, to be responsible
for hepatic fat accumulation and weight gain.**® The quantity and quality of dietary fat consumption
is particularly important in NAFLD, as the accumulation of intrahepatic and visceral fat is
dependent on the ratio of saturated to polyunsaturated fats.’** Accumulation of visceral fat and
adipocyte proliferation further promotes the release and circulation of harmful inflammatory
cytokine and adipokine markers.’”” The relationship between diet, inflammation and the
development of NAFLD is complex and should be considered as such when considering an

appropriate treatment approach.

The MetS is highly prevalent among individuals with NAFLD and both are known risk factors in
the development of future CVD events. Considering that NAFLD and the MetS stem from chronic
low-grade inflammation and share similar features of metabolic abnormalities, this study intended
to explore whether there was added risk of inflammation, metabolic and clinical features in
individuals with both NAFLD and the MetS compared to individuals with NAFLD who did not
meet criteria for the MetS. The aim of this research chapter was to describe the demographic of
individuals with NAFLD who were recruited for the MEDINA trial, at baseline, and to assess

anthropometry, body composition, biochemistry, inflammatory markers, liver outcomes and dietary
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intake characteristics between males and females and between individuals meeting the criteria for
MetS and those that do not have the MetS. The secondary aims of this chapter were to identify
associations between inflammatory markers with anthropometry, biochemistry, liver outcomes and

dietary intake, to explore predictors of inflammatory markers in this population.

3.3 Methods
3.3.1 Study Design

This study is a cross-sectional analysis of data collected at a baseline (0 week) appointment of
individuals with NAFLD, entering the MEDINA trial. The full methodology of the MEDINA study
is in accordance with the published MEDINA study protocol.*** For additional details pertaining to
recruitment, study design, outcome measures and data collection, please refer to Chapter 2 of this
thesis. The study protocol was approved by the Human Research Ethics Committee at La Trobe
University and at the recruitment and study sites, Alfred Health (76/14), Eastern Health
(LR31/2015) and the Royal Melbourne Hospital (HREC/15/MH/268)(Appendix 8).

3.3.2 Eligibility criteria

A detailed outline of the inclusion and exclusion criteria applied for recruitment of participants are
outlined in Chapter 2 (Section 2.4, Table 2.1). Briefly, adults (>18 years) who had been diagnosed
with NAFLD and/or NASH through ultrasound and/or biopsy within the previous 12-months were
eligible to take part in the study. Individuals were required to have a body mass index (BMI)
between 20-40 kg/m?, an elevated serum alanine aminotransferase (ALT) level (>20U/L for females
and >30U/L or males), no evidence of any other form of liver disease and no current or past history
of cardiovascular, cerebrovascular or peripheral vascular disease. Individuals who could not
provide informed consent, were non-English speaking or consumed above the average
recommended level (>140g) of alcohol intake per week were excluded from the study. Participants
who experienced >5kg weight change within 3-months of screening or were adhering to a
commercial diet or consuming hepatotoxic medication, fish or krill oil, or vitamin E, vitamin C or

high dose vitamin D were also excluded.

3.3.3 Screening and Recruitment

Patients who attended the liver outpatient clinics at the Alfred Hospital, Eastern Health and the
Royal Melbourne Hospital, and who met the eligibility criteria for the MEDINA study were
identified through patient appointment lists prior to each liver clinic. Once deemed eligible based
on their medical history and clinical results, the patient was then approached by a trained researcher
— either in person or over the telephone — and informed of the study, allowing the patient to ask

questions and express their interest. If the patient was interested in participating, they were required
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to undergo a screening questionnaire designed to further confirm eligibility and sign a participant

information consent form (PICF)(Appendix 3.1).

3.3.4 Data collection and outcome measures assessed
3.3.4.1 Demographics

Information regarding participant age, sex and co-morbidities were recorded during the pre-baseline
screening questionnaires and correspondence. Further information regarding the diagnosis of co-
morbidities or pre-baseline results were extracted from recruitment sites’ clinical databases or
patient medical histories. Details of ethnicity, smoking status, marital status, living arrangements,
education level, employment status and occupation were collected during the baseline appointment

using a personal information questionnaire implemented by a trained researcher.
3.3.4.2 Anthropometry and Body Composition

Full details of the anthropometric and body composition measurement procedures are presented in
Chapter 2 (Section 2.8.3.1). In brief, measures of neck circumference (NC), waist circumference
(WC) and hip circumference (HC) were taken by a trained researcher using a body tape measure
during the baseline appointment. To reduce the incidence of error two values were taken for each
measurement to the closest 0.1cm, and the average was recorded as the final value. Anthropometric
measurements were taken by the same investigator for each participant throughout the duration of
the study, where practically feasible. Height was measured using a wall-mounted stadiometer. The
participant was asked to remove their shoes and to stand upright with heels, buttocks, and occiput
touching the backboard of the stadiometer. Two measurements of height were taken to the nearest

0.1cm, the mean of which was recorded.

Weight and body composition measurements were measured using Bio-Electrical Impedance
Analysis (BIA) with the seca® mBCA 515. A trained researcher ensured that the participant had
removed shoes, socks and any wallet, keys, watches or jewellery they were wearing or carrying in
pockets prior to analysis. Body mass index (BMI) was calculated by the BIA by dividing weight
(kg) by height (m) squared, and this value was recorded into the appropriate anthropometry case
report form (CRF). BMI cut-offs were based on the internationally recognised World Health
Organisation (WHO) guidelines*® and defined as normal weight (18.5-24.9 kg/m?), overweight
(25-29.9 kg/m?) or obese (>30 kg/m?). Body composition estimates based on data from BIA
analyses in the National Health and Nutrition Examination Survey (NHANES II)*! were used to
define “normal” means and standard deviations for body composition measures including fat mass
(FM), fat-free mass (FFM), fat mass index (FMI), fat-free mass index (FFMI), skeletal muscle mass
and visceral fat (VF).
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3.3.4.3 Blood Pressure and Heart Rate

Systolic and diastolic blood pressure (mmHg) and heart rate (bpm) measurements were taken by a
trained researcher using an automated blood pressure monitor (Omron Model 705IT) using a
standard or large cuff after the participant had been sitting for five minutes. Two blood pressure
measurements were performed on the same non-dominant arm supported to heart level and
recorded. If either the systolic or diastolic readings differed by more than 10mmHg, additional
readings were obtained until values from two consecutive measurements were within 10mmHg.

The mean of the closest two measurements was recorded as the final result.
3.3.4.4 Biochemistry

All participant blood samples were collected by a trained phlebotomist at the Alfred Pathology
Service (Alfred Hospital, Melbourne) and analysed at the Alfred Pathology Laboratory. Each
participant provided a fasting blood sample at the baseline appointment. Full details of both the
Alfred Hospital and MEDINA laboratory analysis protocols are presented in Chapter 2 (Section
2.8.3.2 and Table 2.4). Along with blood biomarkers analysed by the Alfred Pathology Laboratory,
analysis of inflammatory marker hs-CRP was performed by Alfred Pathology Staff. Participants
with a measurement of hs-CRP >10mg/L were excluded from analyses (n=3) of this marker as this
indicates an acute inflammatory state rather than chronic inflammation. In addition to the samples
provided to the Alfred Pathology Laboratory, a trained researcher retained four tubes; 1x 6mL
EDTA, 1x 6mL SST and 2x 4mL CPT vacutainers, to be processed and frozen at -80°C in the
Gastroenterology Department of the Alfred Hospital.

3.3.4.5 Laboratory analysis

Samples obtained using SST vacutainers, processed and frozen were used to measure levels of
tumour necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), adiponectin, leptin and resistin by a
trained laboratory technician and MEDINA research personnel (at Deakin University, Melbourne).
Milliplex immunoassay kits (Millipore Corp., Billerica, MD, USA) were used to simultaneously
measure serum levels of cytokines and metabolic hormones as previously described in Chapter 2
(Section 2.8.3.2). For details of the full methods used to run the assay, mean inter- and intra-assay
coefficient of variation values and details of the analysis software, refer to Chapter 2 (Section

2.8.2).

3.3.4.6 Liver Outcomes

In order to quantify intrahepatic lipid (IHL) content, participants underwent magnetic resonance
spectroscopy ('H-MRS) with a qualified radiologist at the Baker IDI Heart and Diabetes Institute.

All 'TH-MRS studies were performed on an Avanto 1.5T system (Siemens, Erlangen Germany).
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Participant data was de-identified and hepatic spectral data was post-processed using magnetic
resonance user interface software (jMRUI version 3.0, EU Project) by an experimenter who was

blinded to participant and treatment allocation.

Liver stiffness, fibrosis and cirrhosis was assessed using transient elastography (TE) in the form of
Fibroscan®. The scan was performed and analysed by a liver specialist (Hepatologist or

Gastroenterologist) in the Gastroenterology Department of the Alfred Hospital.
3.3.4.7 Dietary Intake

Participants were required to complete a 3-day food diary prior to their face-to face appointment,
which would adequately reflect all food and drink items consumed throughout two weekdays and
one weekend day during that week. During the dietary consultation, a dietitian reviewed the
participant food diary to ensure sufficient detail was provided and no food items had been omitted.

Any measurement or item inconsistencies were checked and corrected during this review.

The food diaries were entered into FoodWorks8® software (Xyris Australia Pty Ltd). Databases
AUSNUT 2013, AusBrands 2015 and AusFoods 2015 were selected for nutrient and food group
intake analyses. Data extracted and analysed from FoodWorks 8 includes macronutrient,

micronutrient and food group intake.

3.3.5 Metabolic Syndrome Diagnosis

The National Cholesterol Education Program (NCEP), Adult Treatment Panel III (ATP III)
criteria®®? were used to classify participants in the MEDINA study population as having the MetS

if they had three or more of the following criteria at baseline:

e Hypertension: defined by blood pressure >130/85 mmHg and/or patients were receiving

blood pressure lowering drugs
e Fasting plasma glucose (>6.1 mmol/L) or patients taking glucose lowering drugs
e Hypertriglyceridemia: defined by fasting plasma triglycerides >1.69 mmol/L

e Low HDL-cholesterol: defined by fasting HDL-cholesterol <1.04 for males or <1.29 mmol

for females

o Central obesity: defined by waist circumference >88cm for females or >102c¢m for males.

3.3.6 Statistical Analysis

All statistical analyses were conducted using SPSS® statistical package version 25 (IBM Corp,
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Released 2015). Statistical significance was set at p<0.05. Descriptive statistics were carried out on
a wide range of variables and frequency tables, mean and standard deviation (SD) were generated

in order to produce summary tables for participant demographics.

Normality tests were undertaken to assess whether data was normally distributed. Skewness,
kurtosis and outliers were checked, and the Kolmogorov-Smirnov statistic was used to assess
normality. Normally distributed variables are reported as mean (SD). Non-parametric variables are
expressed as median (interquartile range (IQR)). For univariate comparisons between groups,
independent samples t-tests were used for parametric data and Mann-Whitney U Tests were used

for non-parametric data.

At baseline, anthropometry, biochemistry, inflammatory biomarkers, liver outcomes, and nutrient
and food group intake were analysed for the total cohort and then split to identify any differences
between sex (males vs. females) and diagnosis of the MetS (individuals with the MetS vs.
individuals without the MetS). This was done in an attempt to explore and contrast the
characteristics of those deemed metabolically at-risk and assess whether or not they also had less
favourable clinical features and liver profile, considering that NAFLD is termed the hepatic
manifestation of the MetS. This allows for meaningful comparisons to be made to add to existing
literature with sex differences and severity of NAFLD, and to explore characteristics of the

participants with the MetS and NAFLD.

Bivariate correlation analyses were used to determine the strength and direction of the relationship
between each inflammatory marker (cytokine and adipokine markers) with anthropometric and
biochemical variables, as well as nutrient and food group intake variables. Depending on whether
each variable was parametric or non-parametric, Pearson and Spearman’s rho bivariate correlation
analyses were performed accordingly. R-values were reported for strength and direction of the
relationship and P-values represent significance of the relationship. R-values were classified as

weak (0.10 to 0.29), moderate (0.30 to 0.49) or strong (0.50 to 1.00) correlations.

Multiple linear regression analyses were used to generate prediction equations for all of the
significantly (p <0.05) correlated variables with each inflammatory marker. For each regression
model, non-parametric variables; hs-CRP, TNF-a, IL-6, adiponectin, leptin, energy, total dietary
fat and cholesterol intake, polyunsaturated fat and saturated fat (as % of total energy intake), AST,
ALT, HOMA-IR and linoleic acid, were included as log-transformed variables in order to conform
to normality. Reciprocal transformation was used to normalise the variable glucose, as this variable
did not conform to normality using log-transformation. In each regression model, the inflammatory
marker was input as the dependent variable and independent variables were grouped together:
anthropometric variables, biochemical or dietary intake variables and input as separate steps or
“levels” which would explain the added variance within each step. Several stepwise regression

models were built by adding or removing predictor variables into a previous model at each step;
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later models always included the previous steps, which allowed significant improvement to be
identified with each newly added variable. Age, sex and diabetes status were adjusted for in each
regression model. Diabetes status was controlled for due to the significant difference in insulin and
HOMA-IR between those with diabetes and those without diabetes which has scope to influence
the predictive ability of anthropometric, biochemical and dietary variables for NAFLD. Age and
sex were considered potential confounders and were controlled for in each model. Before
interpreting the results, a number of assumptions were tested, and checks were performed.
Assessment of the normal probability plot of standardised residuals and the scatterplot of
standardised residuals against predicted values indicated that the assumptions of normality, linearity
and homoscedasticity were met. If two variables were similar in nature or one variable encompassed
another (for example, insulin and HOMA-IR), only the variable with the strongest correlation was
included in the regression model ensuring that multicollinearity would not interfere with the ability
to interpret the outcome. Potential violations of the assumption of multicollinearity was assessed
by collinearity diagnostic values for Tolerance and variance inflation factor (VIF). Standardised
beta (B) regression coefficients squared multiple correlation (R?) or squared-change correlation
(AR?), regression and residual degrees of freedom (df1 and df2, respectively) and significance level

(P-value) were reported for each model.

3.4 Results
3.4.1 Demographics of the NAFLD cohort

Participant demographics and metabolic disease status are presented in Table 3.1. Forty-two
participants with biopsy or ultrasound proven NAFLD completed baseline measurements; 40%
males and 60% females, of whom 43% had diagnosed T2DM and 55% met the NCEP ATP I11%*
criteria for the MetS. The mean age of participants was 52.3 £+ 12.6 years, and female participants
were significantly older than male participants (56.5 £ 9.5 years vs. 46.2 £ 14.4 years, p=0.008).
The majority of participants were recruited from the Alfred Hospital, followed by the Royal
Melbourne Hospital and Eastern Health (17, 14 and 11 participants, respectively). Of the
participants included in this study, 45.2% were of Asian ethnicity, 31% were European, 19% were
Australian and almost 5% were Middle-Eastern. Exactly two-thirds (28/42, 66.7%) of participants
were either married, in a defacto relationship or living with a partner, while the remaining one-third
(14/42, 33.3%) were single or divorced. A total of 81% of participants reported that they lived with
their partner or with family, while 14% lived alone and 5% lived with friends. Employment status
varied throughout the group; 38.1% were employed full-time, 14.3% employed part-time, 9.5%
employed as casuals, 16.7% unemployed, and 21.4% retired. Furthermore, above 80% of this
NAFLD population reported that their education status consisted of a certificate/diploma,
bachelor’s degree or post-graduate degree. Of the 18 participants who were diagnosed with T2DM,
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one was male and 17 were female. Of these, ten (55%) had the MetS. Of the ten participants with

both T2DM and the MetS, one was male and nine were female.

Table 3.1. Demographics of a NAFLD cohort (n=42)

Characteristics
Sex n (M/F) 17725
Diabetes n (Y/N) 18 /24
Metabolic Syndrome n (Y/N) 23/19
Smoking status n (%)
Current Smoker 0(0)
Past Smoker 14 (33.3)
Never smoked 28 (66.7)
Recruitment Site n (%)
Alfred Health 17 (41)
Eastern Health 11 (26)
RMH 14 (33)
Ethnicity n (%)
Australian 8(19)
North-West European 6(14.3)
Southern or Eastern European 7(16.7)
South-East Asian 10 (23.8)
Chinese Asian 6(14.3)
Southern or Central Asian 3(7.1)
Middle Eastern 2 (4.8)
Marital Status n (%)
Single 9(21.4)
Married 23 (54.8)
Defacto 4(9.5)
Living with partner 1(24)
Divorced 5(11.9)
Living Arrangement n (%)
Living with spouse 17 (40.5)
Living with family 17 (40.5)
Living with friends 2 (4.8)
Living alone 6(14.3)
Work Status n (%)
Employed full-time 16 (38.1)
Employed part-time 6 (14.3)
Employed casual 4(9.5)
Unemployed 7 (16.7)
Retired 9(21.4)
Level of Education n (%)
Didn't complete secondary 3(7.1)
School 3(7.1)
Completed secondary school ’
Apprentice/Trade 2 (48)
Certificate/Diploma 10(23.8)
Bachelor’s Degree 16 38.1)
8(19)

Post-graduate Degree (Masters)
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3.4.2 Anthropometry and body composition

Baseline anthropometry and body composition measurements of the NAFLD cohort, based on sex
and the presence of the MetS are presented in Table 3.2. For the whole cohort, mean weight was
88.8 + 22.7kg and BMI was 32.2 + 6.2kg/m?. Of the total sample, 7.1% were classified as healthy
weight (BMI 18-25kg/m?), 33.3% were classified as overweight (BMI 25-30kg/m?) and 59.5% were
classified as obese (BMI >30kg/m?), as defined by the World Health Organisation.**’ Bioelectrical
impedance analysis (BIA) was used to measure mean fat mass (%) and fat mass index (FMI), which
were above mean cut-off points according to NHANES III estimates for body composition*"! (40.1

+ 7.8% and 12.2 + 6.5kg/m?, respectively), as was visceral fat (VF) (3.0 = 2.2L).

There were some significant differences noted between males and females for anthropometry and
body composition also presented in Table 3.2. Briefly, females had significantly higher percentage
FM and FMI than their male counterparts. As expected, males were significantly taller and heavier
(body weight), with higher WHR, NC and VF than females. Males also had a higher FFM, FFMI

and skeletal muscle mass than female participants at baseline.

There were no significant differences in anthropometry or body composition measurements

between individuals with or without the MetS at baseline.
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Table 3.2. Baseline anthropometry and body composition characteristics of the NAFLD cohort, split by sex or presence of metabolic syndrome (MetS)

L RR Total Male Female MetS Non-MetS
Characteristics ps p™
n n n n n

Age (y)? 42 5236(12.65) 17  4624(1443) 25  56.52(9.48)  0.008* 23  52.04(1426) 19  52.82(10.21)  0.847
Anthropometry
Height (cm)* - 42 165 (10.0) 17 172 (10.0) 25 161 (7.00)  0.001* 23 165 (11.0) 19 166 (8.00) 0.828
Weight (kg)? - 42 88.86(22.74) 17 97.24(19.98) 25  83.16(23.10)  0.048* 23  88.18(20.72) 19  89.86(26.07)  0.818
BMI (kg/m2)® 18.5-25.0kg/m* 42 3222 (6.27) 17 3257(498) 25  31.98(7.10) 0768 23  32.01(479) 19  3253(8.12)  0.796
WC (cm)P M<I02F<88 42 10348 (21.30) 17 10640 (21.25) 25 100.40(22.35)  0.091 23  105.00 (20.65) 19  100.70 (25.80)  0.990
HC (cm) - 42 107.55(15.15) 17 10630(15.90) 25 108.50(19.00) 0.778 23  108.50 (14.25) 19  106.60 (24.95)  0.980
WHR® M>0.9F>0.85 42 0.97 (0.06) 17 1.02(0.04) 25  0.94(0.05)  0.001* 23  098(0.06) 19  0.96(0.05) 0.548
NC (cm)? - 42 3927 (4.94) 17 4294(3.79) 25  3677(401)  0.001* 23  4031(422) 19  37.74(5.63)  0.097
Blood pressure?

Systolic <120 42 12652(1626) 17 123.41(9.80) 25 128.64(19.39) 0258 23  129.32(1848) 19  122.41(11.60)  0.180

Diastolic <80 42 83.12(8.60) 17 8253(6.11) 25  83.52(10.05) 0719 23  82.16(10.18) 19  84.53(5.54) 0337
Heart Rate® 60-100 40  73.69 (12.77) 16  6991(11.73) 24  7621(13.05)  0.128 23  72.06(11.46) 17  76.40(14.71)  0.304
Body Composition
Fat mass (kg)® 42 3140(15.22) 17 30.00(17.94) 25  3430(15.90) 0384 23  34.50(1501) 19  31.19(20.76)  0.691
Fat mass (%)® 42 40.07 (7.83) 17 3359(5.66) 25  4448(5.79)  0.001* 23  3898(7.30) 19  41.68(852) 0277
Fat free mass (kg)® 42 5022(21.96) 17 63.70(1127) 25  4270(9.43)  0.001* 23  5243(21.87) 19  45.00(22.05)  0.929
(Flj‘g‘/:l‘;;f index 42 12.20 (6.45) 17 10.00(5.10) 25  12.60(5.80)  0.019* 23  1230(5.60) 19  12.00(8.00)  0.778
(Flfgt/lf;;‘;ma“ index 42 19.09 (2.81) 17 2145(1.95) 25  17.49(2.08)  0.001* 23  1943(259) 19  18.59(3.11)  0.348
(Sl:‘ge)lftal muscle mass 42 2390(12.98) 17 3130(6.15) 25  19.50(4.95)  0.001* 23  2570(12.40) 19  20.50(14.30)  0.778
Visceral fat (L)® 35 3.00 (2.20) 15 430(2.70) 20 2.95(1.22)  0.019%* 19  3.00(2.30) 16  3.05(1.72) 0.678

RR, Reference Range; MetS, Metabolic Syndrome; Non-MetS, Non-Metabolic Syndrome; BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, wait-to-hip ratio;
NC, neck circumference. parametric data presented as mean (SD) Pnon-parametric data presented as median (IQR). &p-values for comparing differences between males and females at baseline;
independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data. ™p-values for comparing differences between participants diagnosed with or without the
metabolic syndrome at baseline; independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data
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3.4.3 Biochemical profile

The biochemistry profile of the NAFLD cohort, stratified by sex and the presence of the MetS are
presented in Table 3.3. Serum ALT levels were elevated above normal levels (>40U/L) in all
groups. This was as expected considering that elevated ALT (>30U/L) was part of the inclusion
criteria for the trial. Serum AST was within normal limits across all groups except for females
wherein it was raised above normal levels (36U/L). Conversely, GGT was elevated above the
reference range for all groups except females (who were within normal limits). ALP and bilirubin
levels were also within their reference ranges across all groups. There were no significant

differences in liver enzymes between males and females, or MetS and non-MetS groups at baseline.

In this NAFLD cohort, females had higher levels of total cholesterol, HDL, and transferrin levels
than males (1.3 (0.3) mmol/L vs. 1.0 (0.2) mmol/L, p =0.001, and 2.9 + 0.4g/L vs. 2.4 + 0.4g/L, p
=0.001, respectively). In contrast, males had higher levels of transferrin saturation and ferritin than
females (32.5 + 12.5% vs. 23.1 + 9.4%, p =0.009, and 253.0 (297.5) ug/L vs. 108.0 (134.5)ug/L, p
=0.006, respectively).

Participants with the MetS had significantly higher fasting insulin (16.8 (14.2) mIU/L vs. 12.7 (5.9)
mlIU/L, p =0.026), HOMA-IR (4.9 (5.1) vs. 3.0 (1.6), p =0.02) and triglyceride levels (1.8 (0.9) vs.
1.2 (0.5), p=0.012), and lower HDL cholesterol (1.0 (0.3) mmol/L vs. 1.3 (0.3) mmol/L, p =0.0005)
than those without the MetS. Participants with the MetS also had higher C-peptide levels than non-
MetS NAFLD participants (p<0.05), in line with elevated insulin and IR, as well as MetS diagnostic

criteria.
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Table 3.3. Baseline biochemistry characteristics of the NAFLD cohort, split by sex or presence of metabolic syndrome (MetS)

Biomarkers Reference Total Male Female P2 MetS Non-MetS pm
Ranges (n=42) (n=17) (n=25) (n=23) (n=19)
ALT® (0-40 U/L) 48.50 (43.00) 47.00 (61.00) 50.00 (38.50) 0.80 48.00 (46.50) 55.00 (39.00) 0.828
AST® (0-35UL) 32.00 (25.50) 27.00 (28.50) 36.00 (23.50) 0.40 33.00 (28.00) 31.00 (25.50) 0.969
GGT® (0-62 U/L) 67.00 (105.50) 75.00 (85.50) 58.00 (115.00) 0.71 68.00 (98.50) 66.00 (119.00) 0.818
ALP® (30-110 U/L) 86.50 (30.00) 85.00 (20.00) 92.00 (39.50) 0.25 85.00 (26.50) 94.00 (34.00) 0.599
Bilirubin® (2-21 pmol/L) 12.00 (7.25) 12.00 (11.50) 12.00 (7.00) 0.488 10.00 (6.00) 13.00 (9.50) 0.083
Total Protein® (60-80 g/L) 76.40 (5.64) 75.12 (4.57) 39.20 (3.80) 0.227 76.88 (5.78) 75.71 (5.52) 0.514
Albumin® (33-46 g/L) 39.69 (3.29) 40.41 (2.26) 39.20 (3.79) 0.204 40.40 (3.24) 38.65 (3.16) 0.09
Globulin® (24-39 g/L) 36.00 (5.50) 36.00 (6.00) 37.00 (7.50) 0.114 37.00 (6.00) 36.00 (6.00) 0.738
Glucose® (3.5-6.0 mmol/L) 5.80 (1.70) 5.30 (1.25) 6.40 (2.10) 0.106 6.00 (1.90) 5.40 (1.75) 0.293
Insulin® (2-20 mIU/L) 14.75 (8.28) 15.00 (7.70) 14.40 (11.50) 0.918 16.80 (14.20) 12.70 (5.95) 0.026*
HOMA-IR® 3.80 (2.92) 3.53 (2.29) 4.26 (4.24) 0.391 4.90 (5.13) 3.00 (1.62) 0.020%
HbAlc (%)® (>6.0) 5.90 (1.10) 5.80 (0.90) 6.00 (1.20) 0218 5.90 (1.15) 5.90 (1.25) 0.238
Cholesterol” (0-5.5 mmol/L) 4.85 (2.33) 4.50 (1.40) 4.90 (2.25) 0.599 4.50 (2.10) 4.90 (2.40) 0.969
HDL® (> 1.0 mmol/L) 1.15 (0.40) 1.00 (0.20) 1.30 (0.30) 0.00* 1.00 (0.25) 1.30 (0.25) <0.001*
LDL? (<3.5 mmol/L) 3.03 (1.30) 3.02 (1.05) 3.03 (1.47) 0.995 3.11 (1.45) 2.90 (1.09) 0.606
Triglycerides® (< 2.0 mmol/L) 1.60 (0.97) 1.60 (0.85) 1.60 (1.07) 0.867 1.80 (0.95) 1.20 (0.50) 0.012*
Iron® (7-32 pmol/L) 17.21 (5.67) 18.76 (5.82) 16.16 (5.43) 0.146 17.28 (5.76) 17.12 (5.71) 0.929
Transferrin® (1.81-3.31 g/L) 2.71 (0.47) 2.41 (0.36) 2.91(0.42) 0.00* 2.70 (0.53) 2.73 (0.37) 0.851
Transferrin Sat* (<50.0%) 26.83 (11.59) 32.35(12.51) 23.08 (9.43) 0.009* 27.08 (11.70) 26.47 (11.79) 0.870
g’;ﬁ;“zg L 147.00 (216.50)  253.00 (297.50) 108.00 (134.50) 0.006* 153.00 (242.00) 110.00 (222.50) 0.481
(Cn_f:rfglt/ilil;b 1058.50 (455.00)  1030.00 (503.50)  1066.00 (480.00) 0.608 1135.00 (463.50)  919.00 (464.50) 0.022%

MetS, Metabolic Syndrome; Non-MetS, Non-Metabolic Syndrome; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase;
ALP, alkaline phosphatase; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; HbAlc, glycated haemoglobin; HDL, high-density lipoprotein; LDL, low-
density lipoprotein. *parametric data presented as mean (SD) Pnon-parametric data presented as median (IQR). #p-values for comparing differences between males and
females at baseline; independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data. ™p-values for comparing differences between
participants diagnosed with or without the metabolic syndrome at baseline; independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data
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3.4.4 Inflammatory Profile

The inflammatory profile of the NAFLD cohort and stratified for sex and the presence of the MetS
are presented in Table 3.4. Compared to males, female participants had higher serum levels of
inflammatory markers; hs-CRP, IL-6, resistin and leptin, albeit non-significant, except for leptin
(19.8 (18.8) ng/ml vs. 7.3 (8.1) ng/ml, p =0.003, respectively). Adiponectin was also non-

significantly higher (more favourable) in females compared to males.

There were no significant differences in the inflammatory profile of the cohort according to their
MetS diagnosis. Interestingly, circulating levels of serum TNF-a, IL-6, resistin and leptin were
higher in individuals without the MetS than those with the MetS. High sensitivity-CRP was higher
in those with the MetS and adiponectin was higher in those without the MetS, albeit not
significantly. Unlike other inflammatory markers, circulating adiponectin is usually found in lower
levels in individuals with metabolic or chronic disease. This was reflected in the present cohort, in

that serum adiponectin was non-significantly higher in individuals without the MetS.

3.4.5 Liver outcomes

Liver outcome measures for this NAFLD cohort and stratified based on sex and the presence of the
MetS are presented in Table 3.5. This cohort had elevated liver fat (12.2 + 10%) compared to the
range for healthy adults (<5.0%),'" as defined by 'H-MRS. Males tended to have higher liver fat
than females, as did participants with MetS in comparison to those without MetS, though these

differences were not significant.

The median LSM score for this NAFLD cohort (6.3kPa) was above the median “normal” LSM
result (5.3kPa) indicating that ‘moderate/mild fibrosis may be present in this cohort, though
cirrhosis is exceptionally unlikely’.*®* There were no significant differences in LSM score across

sex or MetS diagnosis.
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Table 3.4. Baseline cytokine and adipokine profile of the NAFLD cohort, split by sex or presence of metabolic syndrome (MetS)

Inflammatory

marker Total Male Female pe MetS Non-MetS pm
n n n n n
hs-CRP?
(0-3 mg/L) 38 2.35(4.17) 17 1.90 (4.00) 21 3.60 (4.30) 0.189 23 2.80 (3.95) 15 1.80 (5.15) 0.808
-ab
(Tplgfm(ll) 41 4.40 (2.98) 16 4.53 (2.29 25 3.82 (3.09) 0.534 23 3.87 (2.03) 18 4.80 (3.57) 0.227
-6P
z[I)‘g/6ml) 41 3.37 (11.81) 16  2.73(10.38) 25 3.67 (15.90) 0.055 23 3.25(12.53) 18 3.86 (11.88) 0.486
; —
a‘;};‘l’i‘;m“ 41 1133(13.87) 16 889(552) 25 13.15(1442) 0052 23 1033 (11.87) 18 12.26 (16.04) 0.344
AT
gg/';f}i‘) 41 3628(1592) 16 3301(22.06) 25 37.72(17.31) 0926 23 36.28(18.48) 18 38.05 (27.20) 0.572
inb
z;legI;::;) 41 12.47 (16.32) 16 7.28 (8.09) 25 19.83 (18.83)  0.003* 23  10.29(13.78) 18 18.10 (16.96) 0.093

MetS, Metabolic Syndrome; Non-MetS, Non-Metabolic Syndrome; hs-CRP, high-sensitivity C-reactive protein; TNF-a, tumor necrosis factor-alpha; IL-6, interleukin-6.
Values >10 mg/L hs-CRP excluded from analysis (n=3). *parametric data presented as mean (SD) bnon-parametric data presented as median (IQR). #p-values for comparing
differences between males and females at baseline; independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data. ™p-values for comparing
differences between participants diagnosed with or without the metabolic syndrome at baseline; independent samples t-test for parametric data or Mann-Whitney U test for
non-parametric data.

Table 3.5. Baseline liver fat and stiffness measurements of the NAFLD cohort, split by sex or presence of metabolic syndrome (MetS)

RR Total Male Female pe MetS Non-MetS pm
n n n n n
Liver Fat (%)? <5.0% 33 11.39(9.51) 13 11.37(1235) 20 11.52(7.49) 0919 21 12.04(9.98) 12 10.22(8.93) 0.604
LSM (kPa)® <5.3kPa 42 6.30(6.80) 17 530445 25 7.20(6.60) 0.065 25 6.50(7.10) 17 6.30(5.85) 0.749

MetS, Metabolic Syndrome; Non-MetS, Non-Metabolic Syndrome; LSM, Liver Stiffness Measure. *parametric data presented as mean (SD). Pnon-parametric data presented
as median (IQR). &p-values for comparing differences between males and females at baseline; independent samples t-test for parametric data or Mann-Whitney U test for non-
parametric data. ™p-values for comparing differences between participants diagnosed with or without the metabolic syndrome at baseline; independent samples t-test for
parametric data or Mann-Whitney U test for non-parametric data.
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3.4.6 Dietary intake

Baseline dietary intakes of the NAFLD cohort, described by sex and the presence of the MetS, are
presented in Table 3.6. Median energy intake for the cohort was 7682.9 (3965.1) kJ and with higher
daily intakes in males compared to females (8862.19 (5259.22) kJ vs. 7107.28 (3437.45) kI, p
=0.005). Total fat as a percentage contribution to total energy was 35.23 (4.95) %, mean protein as
a percentage of total energy was 18.95 (3.89) % and mean carbohydrate as a percentage of total
energy was 42.27 (6.94) %. In terms of protein, carbohydrate and fat intake as a percentage
contribution to total energy, there were no significant differences between males and females.
Interestingly, this cohort was not meeting the energy intake requirements for their mean age group,
although this may be attributable to under-reporting of dietary intake in the 3-day food diaries
provided by participants. Participants were however, meeting the upper limit for total fat intake (20-
35%E) and protein intake (15-25%E), as defined by NHMRC.*** Participants were consuming
mostly monounsaturated fatty acids (MUFAs), followed by saturated fatty acids (SFAs) and
polyunsaturated fatty acids (PUFAs) as a percentage of total energy intake (14.20 (4.23)%, 12.01
(3.29) %, 5.41 (3.12) %, respectively). Consumption of SFAs were above the recommended range
set by NHMRC guidelines to reduce chronic disease risk (<10%E) and PUFA intake was within
range of the recommended amount (6-11%E).*** This populations intake of carbohydrate as a
percentage of total energy was below the carbohydrate recommendations (45-65%E) for reduction

of chronic disease risk.*%*

On average, participants were consuming 24.25 (10.40) g fibre per day, almost meeting the
recommended daily intake for fibre (25-30g per day). As a group, total sugar intake as a percentage
of total energy was 16.83 (9.14) %, higher than the recommended intake (<10%E). Total cholesterol
intake for this cohort was 271.77 (202.12) mg, which meets the upper limit of the RDI for
cholesterol in a healthy population (300mg per day), though above the recommended intake for
individuals at risk of heart disease (200-250mg per day).

Within this cohort, all participants reported to be consuming adequate amounts of very long chain
omega-3 fatty acids (0.14 (0.19) g per day), with males consuming as high as 0.26 (0.54) g and
females consuming slightly less 0.13 (0.15) g. This finding was surprising in an overweight cohort,
considering the adequate intake (Al) for very long chain omega-3 fatty acids is 0.145 g per day.
This same trend was observed for alpha linoleic acid (ALA), with the Al of 1.2g per day met for all
participants (1.31 (1.46) g), greater in males (1.51 (1.18) g) and compared to females (1.17 (1.72)
g). The Al for linoleic acid (12 g per day) was not met in this population (9.43 (8.62) g). The Als
for ALA and linoleic acid were based on the Nutrient Reference Values for Australia and New

Zealand, taken from an analysis of the National Nutrition Survey of Australia of 1995.40% 406

Vitamin C intake was well above the recommended intake of 45mg per day in the total cohort (81.37

(68.91) mg) and across all groups. Vitamin E intake was also above the recommended intake of
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10mg per day for the total cohort (11.22 (7.94) mg) and across all groups. This finding was reflected
in levels of tocopherol alpha, though to a lesser extent. RDI’s of sodium and iron were met within
the total cohort and across all groups, and as expected male participants were consuming a
significantly higher amount of each micronutrient in comparison to female participants (2829.35
(1015.46) mg vs. 2124.27 (844.48) mg, p=0.019, and 12.68 (5.25) mg vs. 8.69 (4.94) mg, p =0.009,
respectively). Daily intake of potassium, magnesium, calcium and zinc were below corresponding
RDI’s. As expected, males also consumed higher amounts of these micronutrients than females at
baseline; potassium (3424.23 (1020.44) mg vs. 2618.37 (1097.41) mg, p =0.021), magnesium
(403.06 (162.86) mg vs. 300.87 (118.60) mg, p =0.023), calcium (1000.88 (581.51) mg vs. 677.91
(277.36) mg, p =0.022), and zinc (11.57 (6.86) mg vs. 7.74 (4.39) mg, p =0.004).

There were no significant differences in the composition of the diet of individuals with or without

the MetS and NAFLD.
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Table 3.6. Bascline dietary intake of the NAFLD cohort, split by sex or presence of metabolic syndrome (MetS)

Total Male Female Ps MetS Non-MetS pm
(n=42) (n=17) (n=25) (n=23) (n=19)

Macronutrients
Energy (kJ)® 7682.94 (3965.08) 8862.19 (5259.22) 7107.28 (3437.45) 0.005* 7449.70 (4444.17) 8606.82 (3613.77) 0.672
Protein (g)* 94.28 (34.84) 116.46 (37.68) 79.19 (23.26) 0.0005* 96.73 (39.79) 90.67 (26.68) 0.586
Protein (% of total E) 18.95 (3.89) 19.86 (4.39) 18.34 (3.48) 0.219 19.38 (4.13) 18.33 (3.54) 0.396
Carbohydrate (g)* 219.22 (81.29) 252.16 (87.35) 196.81 (70.06) 0.028* 215.99 (89.40) 223.96 (70.02) 0.760
Carbohydrate (% of total E) 4227 (6.94) 40.96 (8.64) 43.16 (5.53) 0.320 41.62 (8.11) 43.23 (4.82) 0.467
Sugars (g)® 77.35 (60.20) 78.83 (66.92) 74.98 (56.23) 0.254 63.55 (74.59) 82.21 (37.62) 0.405
Sugars (% of total E) 16.83 (9.14) 14.54 (7.58) 17.93 (9.35) 0.187 15.25 (8.40) 19.74 (8.72) 0.276
Added sugars (% of total E) 5.22 (5.60) 5.43 (6.04) 5.01 (6.93) 0.556 5.43 (4.90) 4.74 (7.00) 0.810
Total fat (g)° 72.79 (41.58) 94.62 (73.12) 68.20 (38.50) 0.042* 68.56 (39.94) 73.61 (42.83) 0.749
Total fat (% of total E) 35.23 (4.95) 35.41 (8.11) 35.03 (4.02) 0.450 34.76 (6.04) 35.29 (5.06) 0.848
Saturated Fat (g)* 28.54 (14.39) 34.79 (17.61) 24.28 (10.02) 0.018* 30.19 (16.75) 26.11 (9.98) 0.373
Saturated fat (% of total fat) 37.87 (8.19) 38.04 (6.92) 37.76 (9.09) 0.916 39.56 (8.43) 35.40 (7.38) 0.107
Saturated fat (% of total E) 12.01 (3.29) 12.42 (3.89) 11.73 (2.86) 0.509 12.60 (3.42) 11.14 (2.97) 0.160
Mono-unsaturated Fat (g)° 27.14 (18.05) 35.36 (30.61) 24.80 (16.06) 0.023* 25.53 (18.50) 31.63 (20.17) 0.654
Mono-unsaturated fat (% of total fat) 44.00 (5.71) 44.23 (6.20) 43.89 (6.55) 0.530 42.74 (4.17) 46.03 (6.32) 0.056
Mono-unsaturated fat (% of total E) 14.20 (4.23) 14.48 (4.99) 14.07 (4.36) 0.599 13.11 (4.22) 15.10 (3.86) 0.170
Poly-unsaturated Fat (g)° 11.31 (10.26) 12.77 (10.56) 10.15 (10.50) 0.170 10.72 (11.39) 12.67 (10.35) 0.513
Poly-unsaturated Fat (% of total fat) 17.10 (9.25) 16.44 (9.58) 18.36 (8.88) 0.405 15.21 (7.90) 19.76 (8.61) 0.75
Poly-unsaturated Fat (% of total E) 5.41 (3.12) 4.71 (2.05) 5.49 (3.32) 0.530 4.61 (2.37) 6.30 (2.95) 0.067
Dietary Fibre (g)* 24.25 (10.40) 26.78 (10.71) 22.54 (10.05) 0.199 23.06 (10.87) 26.01 (9.72) 0.374
Cholesterol (mg)® 271.77 (202.12) 290.33 (246.68) 254.60 (210.69) 0.098 285.87 (226.65) 269.23 (188.11) 0.635
Alcohol (g)* 0.00 (0.00) 0.00 (0.10) 0.00 (0.00) 0.418 0.00 (0.00) 0.00 (0.10) 0.396
Tocopherol Alpha (mg) 9.70 (6.39) 11.17 (11.53) 9.39 (5.89) 0.141 9.34 (5.38) 10.08 (8.55) 0.513
Linoleic Acid (g)° 9.43 (8.62) 10.78 (9.34) 8.19 (8.64) 0.127 9.01 (9.78) 10.76 (8.44) 0.530
ALA () 1.31 (1.46) 1.51 (1.18) 1.17 (1.72) 0.949 1.17 (0.87) 1.45 (1.98) 0.729
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EPA (g) 0.03 (0.06) 0.07 (0.11) 0.03 (0.03) 0.287 0.05 (0.06) 0.02 (0.03) 0.115
DPA (g)° 0.05 (0.06) 0.06 (0.11) 0.04 (0.06) 0.204 0.06 (0.06) 0.04 (0.06) 0.282
DHA (g)° 0.05 (0.10) 0.07 (0.34) 0.05 (0.10) 0.233 0.07 (0.12) 0.05 (0.09) 0.391
Xiﬁigﬁf’;%gt‘;z‘d ds (@) 0.14 (0.19) 0.26 (0.54) 0.13 (0.15) 0.155 0.22 (0.23) 0.12 (0.13) 0.144
Trans Fatty Acids (g)* 1.26 (0.73) 1.50 (0.89) 1.10 (0.57) 0.083 1.34 (0.79) 1.16 (0.64) 0.450
Micronutrients

Vitamin C (mg)® 81.37 (68.91) 88.18 (68.85) 79.47 (68.91) 0.691 79.47 (59.60) 88.18 (182.41) 0.324
Vitamin E (mg)® 11.22 (7.94) 12.23 (13.20) 10.66 (6.66) 0.155 10.66 (5.71) 11.49 (9.83) 0.654
Sodium (mg)* 2409.66 (970.86) 2829.35 (1015.46) 2124.27 (844.48) 0.019% 2304.67 (1017.57) 2564.06 (905.32) 0.402
Potassium (mg)* 2944.55 (1127.65) 3424.23 (1020.44) 2618.37 (1097.41) 0.021* 2928.88 (1058.91) 2967.59 (1255.23) 0.915
Magnesium (mg)* 342.23 (145.47) 403.06 (162.86) 300.87 (118.60) 0.023* 336.84 (152.46) 350.16 (138.73) 0.775
Calcium (mg)” 770.11 (445.12) 1000.88 (581.51) 677.91 (277.36) 0.022* 756.24 (546.75) 782.49 (427.73) 0.908
Iron (mg) 9.93 (5.16) 12.68 (5.25) 8.69 (4.94) 0.009* 10.53 (5.26) 9.29 (5.51) 0.420
Zinc (mg)* 9.23 (5.42) 11.57 (6.86) 7.74 (4.39) 0.004* 11.26 (5.17) 9.85 (3.90) 0.345

MetS, Metabolic Syndrome; Non-MetS, Non-Metabolic Syndrome; ALA, Alpha Linolenic Acid; EPA, Eicosapentaenoic Acid; DPA, Docosapentaenoic Acid; DHA,

Docosahexaenoic Acid. *parametric data presented as mean (SD) Pnon-parametric data presented as median (IQR). &p-values for comparing differences between males and

females at baseline; independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data. ™p-values for comparing differences between

participants diagnosed with or without the metabolic syndrome at baseline; independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data.
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3.4.7 Food Group Intake

The food group intake of this NAFLD cohort is presented in Table 3.7, characterised by sex and
presence of the MetS. The total cohort of participants were not meeting the recommended serves
for all food groups, with the exception of meat and meat alternatives for which males were
consuming above the recommended dietary intake (RDI) and females were consuming adequate

serves per day.

The entire cohort did not meet the recommended intake for grains; particularly wholegrain intake
for both males and females were low (male RDI 6.0 serves/day, actual intake 1.0 (2.2) serves/day
and female RDI 4.0 serves/day, actual intake 0.9 (1.8) serves/day). The consumption of refined
grains was remarkably high for this cohort (5.1 (2.7) serves/day), with males consuming more
refined grains than females, albeit not significantly. Participants were consuming approximately 1.5
serves less than the RDI of vegetables per day and 1 serve below the RDI for fruit per day.
Interestingly, males consumed twice the amount of fruit per day compared to females (NS). At
baseline, males were also consuming significantly higher servings of grains per day than females

(7.4 (4.4) vs. 5.6 (1.9), p =0.023, respectively).

Recommended intakes for dairy were not met within this cohort, males consumed approximately 1
serve less than required and females approximately 2.5 serves less than required per day. Dairy
consumption in both males and females consisted mostly of milk and cheese with males consuming
more of both foods, albeit not significantly. Participants were consuming 6.9 (6.3) serves (or
teaspoons) of oil equivalents (including unsaturated spreads, oils and unhydrogenated vegetable
oils) per day which is approximately 32g. On the other hand, participants were also consuming
considerable amounts of solid fat equivalents, mostly made up of butter (and fully or partially
hydrogenated oils, shortening, palm oil and coconut oil) with 8.1 serves (or teaspoons) equal to

approximately 39g.

There were no significant differences in the food group intake of individuals with or without the

MetS at baseline.
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Table 3.7. Baseline food group intake of the NAFLD cohort, split by sex or presence of metabolic syndrome (MetS)

Food Group ADG?*" Total Male Female pe MetS Non-MetS pm
(Serves per day) (n=42) (n=17) (n=25) (n=23) (n=19)
Male Female
Grains® 6.60 (3.23) 7.37 (4.37) 5.55 (1.89) 0.023* 6.64 (4.12) 5.97 (2.60) 0.888
Wholegrains® 6.0 4.0 0.97 (1.83) 1.00 (2.20) 0.93 (1.76) 0.626 1.53 (1.90) 0.61 (1.71) 0.227
Refined Grains 5.13 (2.65) 6.07 (4.26) 5.03 (1.89) 0.093 5.06 (2.72) 5.53 (3.17) 0.654
Vegetables® 3.5 5.0 3.78 (2.61) 3.99 (2.50) 3.63 (2.72) 0.665 3.51 (2.46) 4.18 (2.84) 0.418
Fruit® 2.0 2.0 0.92 (1.77) 1.21(1.79) 0.61 (1.35) 0.228 0.89 (1.50) 121 (2.22) 0.530
Meat and meat alternatives® 25 2.0 2.18 (1.81) 3.42 (3.99) 1.96 (1.33) 0.013* 2.25(1.78) 1.97 (2.33) 0.908
Red meats® 0.51 (1.24) 0.55 (1.65) 0.47 (1.15) 0.524 0.55 (1.35) 0.45 (1.08) 0.413
Processed meats® 0.00 (0.25) 0.00 (0.44) 0.00 (0.23) 0.780 0.00 (0.21) 0.02 (0.30) 0.207
Poultry® 0.43 (0.65) 0.55 (0.61) 0.40 (0.73) 0.193 0.47 (0.80) 0.43 (0.48) 0.479
Eggs® 0.23 (0.20) 0.20 (0.19) 0.25 (0.21) 0.417 0.21 (0.20) 0.26 (0.20) 0.408
Seafood
High long chain omega-3° 0.00 (0.03) 0.00 (0.20) 0.00 (0.01) 0.324 0.00 (0.09) 0.00 (0.01) 0.295
Low long chain omega-3 0.00 (0.40) 0.00 (0.47) 0.00 (0.39) 0.725 0.00 (0.47) 0.00 (0.20) 0.328
Legumes® 0.00 (0.03) 0.00 (0.06) 0.00 (0.09) 0.00 (0.00) 0.00 (0.22)
Nuts® 0.18 (0.75) 0.35 (1.94) 0.15 (0.38) 0.466 0.00 (0.96) 0.28 (0.60) 0.320
Dairy® 2.5 4.0 1.38 (1.09) 1.77 (1.70) 1.28 (0.71) 0.205 1.45 (1.16) 1.23(1.12) 0.635
Milk® 0.89 (1.07) 1.00 (1.70) 0.65 (0.85) 0.200 0.97 (1.35) 0.65 (0.73) 0.412
Yoghurt® 0.00 (0.16) 0.00 (0.02) 0.00 (0.02) 0.542 0.00 (0.00) 0.00 (0.22) 0.146
Cheese” 0.36 (0.75) 0.46 (0.99) 0.22 (0.61) 0.422 0.36 (0.73) 0.36 (0.77) 0.876
Oil Equivalents® 6.92 (6.25) 7.79 (8.04) 6.07 (4.89) 0.121 6.51 (6.53) 8.08 (6.43) 0.434
Solid fat equivalents® 8.13 (4.61) 8.24 (9.63) 7.49 (4.71) 0.276 6.82 (6.51) 8.70 (3.13) 0.828
Added Sugars® 6.40 (7.55) 7.40 (11.14) 6.05 (7.75) 0.720 6.76 (8.06) 6.05 (7.91) 0.729
Alcoholic beverages® <2.0 <2.0 0.00 (0.00) 0.00 (0.04) 0.00 (0.00) 0.418 0.00 (0.00) 0.00 (0.04) 0.396

ADG, Australian Dietary Guidelines; MetS, Metabolic Syndrome; Non-MetS, Non-Metabolic Syndrome. *parametric data presented as mean (SD). Pnon-parametric data
presented as median (IQR). Diet composition data were exported from FoodWorks 9™ for analysis. Nutrient and food group definitions, classifications, serving sizes were
based on the settings in Xyris, Foodworks 9™ software and can be found in Appendix 7. £p-values for comparing differences between males and females at baseline;
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independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data. ™p-values for comparing differences between participants diagnosed with or
without the metabolic syndrome at baseline; independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data.
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3.4.8 Associations of Anthropometric Measurements and Biochemical
Markers with Inflammatory cytokines and adipokines in a NAFLD

cohort

Pearson and spearman rho correlations were performed to assess the relationship between
anthropometric and biochemical variables with cytokine and adipokine markers in this NAFLD
cohort. Data presented in Table 3.8 reflects the strength, direction and significance of the
associations between variables. Additional, non-significant variables are presented in Appendix

11; Supplementary Table 1.

At baseline, BMI, hip circumference, fat mass (kg and %), fat mass index, total protein and globulin
each had a significant (p <0.05) moderate and positive correlation with hs-CRP (r =0.40, 0.38, 0.36,
0.44, 0.46, 0.35 and 0.49, respectively). Weight, waist and hip circumference, waist-to-hip ratio,
fat-free mass, fat free mass index, skeletal muscle mass and glucose each had a significant (p <0.05)
moderate and positive correlation with TNF-a (r =0.35, 0.37, 0.33, 0.35, 0.36, 0.31, 0.34 and 0.31,
respectively). There were no significant correlations between anthropometric and biochemical

variables and IL-6 at baseline.

Fat mass (kg and %) and fat mass index each had a significant (p <0.01) strong and positive
correlation with adiponectin (r =0.51, 0.54 and 0.51, respectively) and BMI, hip circumference,
ALT, AST and liver fat each had a significant (p <0.05) moderate and positive correlation with
adiponectin (r =0.34, 0.43, 0.33, 0.35 and 0.46, respectively). Hip circumference, fat mass (kg and
%) and fat mass index each had a significant (P <0.01) strong, positive correlation with leptin (r
=0.58, 0.67, 0.74 and 0.71, respectively). Conversely, albumin had a significant (P <0.01) moderate
and negative correlation with leptin (r = -0.42). Weight, BMI, waist circumference, diastolic blood
pressure, AST, globulin, insulin, HOMA-IR and HDL each had a significant (p <0.05) moderate
and positive correlation with leptin (r =0.32, 0.45, 0.41, 0.34, 0.31, 0.40, 0.32, 0.32 and 0.31,
respectively). Weight, BMI, waist circumference, neck circumference and fat mass (kg) each had a

significant (P <0.05) moderate, positive correlation with resistin.

Table 3.8. Correlations between anthropometric and biochemical variables at baseline

Correlation Coefficients

hs-CRP TNF-a IL-6 Adiponectin Leptin Resistin
Weight 0.20 0.35" -0.10 0.24 0.32" 0.36"
BMI (kg/m?) 0.40" 0.23 -0.12 0.34" 0.45™ 0.31"
WC (cm) 0.26 0.37" -0.08 0.29 0.41™ 0.33"
HC (cm) 0.38" 0.33* -0.02 0.43™ 0.58" 0.29
WHR -0.05 0.35* -0.03 -0.23 -0.20 0.20
NC (cm) 0.08 0.26 -0.22 -0.01 -0.04 0.32*
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Fat Mass (kg) 0.36" 0.27 0.02 0.51™ 0.67" 0.36"

Fat Mass (%) 0.44™ 0.07 0.17 0.54™ 0.74™ 0.26
Fat Free Mass (kg) 0.01 0.36" -0.16 0.02 -0.03 0.28
Fat Mass Index (kg/m?) 0.46™ 0.16 0.07 0.51™ 0.71" 0.30
Fat free mass index (kg/m?) 0.12 0.31" -0.21 -0.07 -0.06 0.20
Skeletal muscle mass (kg) 0.06 0.34" -0.19 0.01 -0.02 0.25
IS‘;‘;’:HE“SS““ -0.23 -0.08 -0.03 0.29 0.01 0.13
g‘i‘;‘s’g}ﬁze“““ 0.07 0.21 0.05 0.17 0.34° 0.27
ALT 0.12 0.06 0.26 0.33* 0.21 0.10
AST 0.23 0.11 0.21 0.35" 0.31" 0.07
Total Protein 0.35" -0.04 0.13 -0.07 0.15 0.01
Albumin -0.26 -0.24 -0.25 -0.16 -0.42"* 0.02
Globulin 0.49™ 0.13 0.21 0.01 0.40™ 0.03
Glucose 0.25 0.31" 0.19 0.04 0.21 0.25
Insulin 0.24 0.18 0.10 -0.03 0.32" 0.26
HOMA-IR 0.31 0.22 0.13 0.01 0.32" 0.26
HDL 0.15 -0.09 0.28 0.29 0.31" -0.06
Liver Fat (%) 0.15 0.06 -0.02 0.46** 0.33 0.05
LSM (kPa) 0.21 -0.07 0.09 -0.11 0.24 0.16

**, Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

R-values presented; 0.10 - 0.29 weak, 0.30 - 0.49 moderate, 0.50 — 1.00 strong correlations.

hs-CRP, high-sensitivity C-reactive protein; TNF-a, tumor necrosis factor-alpha; IL-6, interleukin-6; BMI,
body mass index; WC, waist circumference; HC, hip circumference; WHR, wait-to-hip ratio; NC, neck
circumference; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl
transferase; ALP, alkaline phosphatase; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance;
HDL, high-density lipoprotein; LDL, low-density lipoprotein.

3.4.9 Associations between Inflammatory Markers at Baseline

Spearman rho correlations were performed to determine the association between inflammatory
markers, data presented is in Table 3.9. Leptin had a significant (p <0.05) moderate and positive
correlation with TNF-a and hs-CRP (r =0.35 and 0.47, respectively) and a strong positive

correlation with adiponectin (r =0.52).

Table 3.9. Correlations between inflammatory markers at baseline

TNF-a IL-6 Adiponectin Leptin Resistin
hs-CRP 0.07 0.27 0.19 0.467" 0.20
TNF-a - 0.25 0.06 0.355* 0.16
IL-6 - - 0.15 0.27 0.12
Adiponectin - - - 0.518™ 0.16
Leptin - - - - 0.22
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3.4.10 Associations of Nutrients and Food Group Intake with Markers of
Inflammation in a NAFLD cohort

Pearson and Spearman rho correlations were performed to determine the association between
nutrients and food group intake with cytokine and adipokine markers, and the data presented in
Table 3.10. Although all of the nutrient and food group variables that were previously presented in
this chapter were included in the correlational analysis, the non-significant variables are not
presented in the main body of the thesis as they do not contribute to answering the main aims of

this study. Instead, they are presented in Appendix 11; Supplementary Table 2.

Polyunsaturated fat and linoleic acid intake each had a significant (p <0.01) strong and negative
correlation with hs-CRP (r =-0.55 and —0.57, respectively). Dietary intake of energy, protein,
carbohydrate, total fat, monounsaturated fat, polyunsaturated fat (as % of total energy intake),
cholesterol, tocopherol alpha, alpha linoleic acid (ALA), vitamin E, magnesium and zinc each had
a significant (p <0.05) moderate and negative correlation with hs-CRP (r=-0.44, -0.37, -0.35, -0.38,
-0.33, -0.34, -0.33, -0.40, -0.44, -0.43, -0.38 and —0.34, respectively). Saturated fat (as % of total
energy intake) had a significant (p <0.01) moderate and positive correlation with IL-6 (r =0.42),
whereas polyunsaturated fat (as % of total energy intake) had a significant (p <0.05) moderate and
negative correlation with IL-6 (r =-0.34). Dietary intake of protein, polyunsaturated fat, tocopherol
alpha, linoleic acid, vitamin E, magnesium and calcium each had a significant (p <0.05) moderate
and negative correlation with leptin (r =-0.39, -0.36, -0.34, -0.39, -0.34, -0.31 and —0.33,
respectively). Total fat and saturated fat (both as % of total energy intake), eicosapentaenoic acid
(EPA) and very long chain fatty acid intake each had a significant (p <0.05) moderate and positive
correlation with TNF-a (r =0.34, 0.31, 0.31 and 0.33, respectively). There were no significant

associations between nutrient intake and adiponectin or resistin at baseline.

With regards to the relationship between food group intake and inflammatory markers there were
few significant findings observed. Intake of processed meats had a significant (p <0.05) moderate
and positive association with TNF-a (r =0.36). Intake of meat and meat alternatives and oil
equivalents each had a significant (p<0.05) moderate and negative correlation with hs-CRP (r =-
0.37 and -0.34, respectively). Intake of refined grains had a significant (p <0.05) moderate and

negative correlation with adiponectin (r =-0.35).

Food group intake of grains, refined grains and poultry each had a significant (p <0.05) moderate,
and negative correlation with leptin (r =-0.45, -0.35 and -0.37, respectively). Intake of wholegrains
and nuts each had a significant (p <0.05) moderate and negative correlation with resistin (r =-0.33
and -0.31, respectively). There were no significant associations between food group intake and IL-

6 at baseline.
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Table 3.10. Correlations between Nutrient and Food Group Intake with Markers of Inflammation at

baseline
Correlation Coefficients
hs-CRP TNF-a IL-6 Adiponectin Leptin Resistin

Macronutrients
Energy (kJ) -0.44™ 0.18 0.06 -0.14 -0.28 -0.21
Protein (g) -0.37" 0.12 -0.02 -0.20 -0.39* -0.06
Carbohydrate (g) -0.35" 0.03 0.06 -0.18 -0.26 -0.27
Total fat (g) -0.38" 0.28 0.20 -0.13 -0.19 -0.16
Total fat (% of total E) -0.08 0.34" 0.26 -0.11 0.06 0.03
Saturated fat (% of total E) 0.03 031" 0.42™ 0.12 0.28 0.13
Mono-unsaturated Fat (g) -0.33" 0.30 0.14 -0.17 -0.18 -0.14
Poly-unsaturated Fat (g) -0.55™ 0.06  -0.05 -0.17 -0.36" -0.22

Poly-unsaturated Fat (% of total E)  -0.34" -0.23  -0.34" -0.12 -0.30 -0.25
Cholesterol (mg) -0.33" 0.12 0.22 -0.13 -0.10 0.15
Tocopherol Alpha (mg) -0.40" 0.09 0.12 -0.10 -0.34* -0.22
Linoleic Acid (g) -0.57™ 0.06 -0.04 -0.20 -0.39" -0.23
ALA (g) -0.44™ 0.01 -0.09 -0.12 -0.18 -0.13
EPA (g) -0.06 0.31" 0.16 0.05 0.09 -0.23
Very Long Chain Omega-3 Fatty Acids; -0.16 0.33" 0.14 -0.05 0.05 -0.21
DHA:EPA:DPA (g)
Vitamin E (mg) -0.43™ 0.07 0.10 -0.11 -.034* -0.25
Magnesium (mg) -0.38" -0.06  0.04 -0.11 -0.31* -0.17
Calcium (mg) -0.17 -0.15 0.21 0.06 -0.33* -0.06
Zinc (mg) -0.34" 0.10 0.08 -0.12 -0.30 -0.06
Grains -0.31 0.02 -0.06 -0.28 -0.45™  -0.33"
Refined Grains -0.16 0.12 0.04 -0.35" -0.35" -0.30
Meat and meat alternatives -0.37" 0.20 -0.07 -0.17 -0.27 0.07

Processed meats -0.08 0.36" -0.10 0.19 0.18 0.22

Poultry -0.17 -0.07  -0.13 -0.13 -0.37* 0.18
Nuts -0.28 -0.10  -0.08 -0.20 -0.29 -0.31*
Oil Equivalents -0.34" 0.12 -0.01 -0.12 -0.30 -0.23

**, Correlation is significant at the 0.01 level (2-tailed).

*, Correlation is significant at the 0.05 level (2-tailed).

R-values presented; 0.10 - 0.29 weak, 0.30 - 0.49 moderate, 0.50 — 1.00 strong correlations.
ALA, Alpha Linolenic Acid; EPA, Eicosapentaenoic Acid; DPA, Docosapentaenoic Acid; DHA,

Docosahexaenoic Acid.

145



3.4.11 Summary of Significant (Positive and Negative) Correlations

There are many outcomes presented in this chapter investigating the relationship between
inflammatory markers hs-CRP, TNF-a, IL-6, adiponectin, leptin, resistin and the various
anthropometric, clinical, and dietary factors. Thus, the table below provides an overall summary

3

table displaying the significant relationships as a ‘+’ or a ‘-* sign. The key for each symbol is

presented in the footnotes of the table.

Correlation Coefficients
Variable

hs-CRP TNF-a IL-6 Adiponectin Leptin Resistin

Anthropometry, Haemodynamic Measures and Body Composition

Weight + + +
BMI (kg/m?) + + ++ +
WC (cm) + ++ +
HC (cm) + + ++ ++

WHR

NC (cm) +
Fat Mass (kg) + ++ ++ +
Fat Mass (%) ++ ++ ++

Fat Free Mass (kg) +

Fat Mass Index (kg/m?) ++ ++ ++

Fat free mass index (kg/m?)
Skeletal muscle mass (kg)

Blood Pressure Diastolic +

Biochemistry and Inflammatory Markers

ALT +

AST + +
Total Protein +

Albumin --
Globulin ++ ++
Glucose +

Insulin +
HOMA-IR +
HDL +
Liver Fat (%) ++

hs-CRP ++
TNF-a +
Adiponectin ++

Nutrients and Food Groups

Energy (kJ) -
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Protein (g) - -

Carbohydrate (g) -

Total fat (g) -

Total fat (% of total E) +

Saturated fat (% of total E) + ++

Mono-unsaturated Fat (g) -

Poly-unsaturated Fat (g) -- -
Poly-unsaturated Fat (% of total E) - -

Cholesterol (mg) -

Tocopherol Alpha (mg) - -
Linoleic Acid (g) -- --
ALA (g) -

EPA (g) +

Very Long Chain Omega-3 Fatty
Acids; DHA:EPA:DPA (g)

Vitamin E (mg) -- -
Magnesium (mg) - -
Calcium (mg) -
Zinc (mg) -
Grains -- -
Refined Grains - -
Meat and meat alternatives -
Processed meats +
Poultry -
Nuts -

Oil Equivalents -

+ symbol denotes a positive, significant correlation which is significant at the 0.05 level (2-tailed).
+ 4+ symbol denotes a positive, significant correlation which is significant at the 0.01 level (2-tailed).
- symbol denotes a negative, significant correlation which is significant at the 0.05 level (2-tailed).

- - symbol denotes a positive, significant correlation which is significant at the 0.01 level (2-tailed).

3.4.12 Multiple Regression Analysis

In order to assess the predictive ability of anthropometric, biochemical and dietary intake variables
that were significant in the correlation analysis for each primary cytokine and adipokine marker
multiple regression analyses were performed; after controlling for age, sex and diabetes status.
Variables that did not show any evidence for normal distribution were transformed using logarithm
to base 10 (logl0) and reciprocal (inverse) techniques. Once transformed, data were normally

distributed and input into the regression model.
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3.4.12.1 hs-CRP

Multiple (linear) regression analysis was used to assess the ability of two anthropometric variables
(BMI, FM (%)) and three dietary variables (cholesterol, energy and total fat intake) to predict hs-

CRP, results of this regression model are presented in Table 3.11.

Within this regression model, age, sex and diabetes (step 1) accounted for a non-significant 7%
variance in hs-CRP, R’ = 0.07, F (3, 34) = 0.82, p = 0.492. After entry of the anthropometric
variables to the regression model (step 2), BMI and fat mass (%) accounted for an additional
significant 21% of the variance in hs-CRP, AR’= 021, AF (2, 32) = 4.74, p = 0.016. Once the
dietary variables were added to the regression model (step 3), cholesterol, energy and total fat intake
accounted for an additional 14% of the variance in hs-CRP, AR’= .14, AF (3, 29) =2.32, p = 0.096.
The total variance explained by the final model was 42%, R’=42,F (8, 29)=2.63, p=0.027. In
the final model, the only significant individual predictor of hs-CRP was BMI ( = 0.66, p = 0.024).

Table 3.11. Multiple linear regression model for the outcome variable hs-CRP7 at baseline

Model

hs-CRP Predictor Variables B [95% CI] p P

Step 1 Age 0.00 [-0.01, 0.017 0.08 0.67

(Confounders) Sex 0.06 [-0.30,0.41] 0.07 0.75
Diabetes -0.12[-0.49,0.24] -0.16  0.50
Age 0.00[-0.01,0.01] 0.14 0.44
Sex 0.18[-0.38,0.74] 0.23 0.52

Step 2 Diabetes 0.01[-0.34,0.36] 0.01 0.96
BMI 0.03 [0.00, 0.07]  0.53 0.08
FM (%) 0.00 [-0.04, 0.03] -0.09 0.82
Age 0.00[-0.01, 0.01T 0.03 0.85
Sex 0.19[-0.34,0.72] 024 047
Diabetes -0.02 [-0.36,0.33] -0.02 0.92

Step 3 BMI 0.04 [0.01,0.08] 0.66 0.024*
FM (%) -0.01 [-0.05,0.02] -0.31 0.45
Energy (kJ)T -0.60[-2.48,1.28] -0.23  0.52
Total Fat (g)f 0.12[-1.30,1.54] 0.06 0.86
Cholesterol (mg)t -0.55[-1.29,0.19] -0.30 0.14

hs-CRP, high-sensitivity C-reactive protein; Adj, adjusted; df, degrees of freedom; BMI, body mass index;
FM (%), fat mass percent. TLog (base 10)-transformed variable. *Significant, P <0.05.

3.4.12.2 TNF-o

Multiple (linear) regression analysis was utilised to assess the ability of one anthropometric measure
(body weight) and one biochemical variable (glucose) to predict TNF-a, results for this regression

model are presented in Table 3.12.

148



On step 1, age, sex and diabetes status accounted for a non-significant 10% variance in TNF-a, R’
=0.10, F (3, 37) = 1.33, p = 0.280. Body weight and glucose were then entered into the regression
model, these variables accounted for an additional significant 26% of the variance in TNF-o, AR’=
.26, AF (2,35)=17.18, p=0.002. The total variance explained by the model was 36%, R°=036,F
(5, 35) = 3.94, p = 0.006. Both predictors of TNF-o were statistically significant and weight (kg)
had a greater magnitude of effect (f = 0.47, p = 0.002) than glucose (f =-0.33, p = 0.045).

Table 3.12. Multiple linear regression model for the outcome variable TNF-a at baseline

Model
INF-a Predictor Variables B [95% CI] B P
Step 1 Age 0.00 [-0.01, 0.01] 0.05 0.77
(Confounders) Sex -0.19 [-0.40,0.03] -0.35  0.09
Diabetes -0.18[-0.40,0.04] -0.34  0.10
Age 0.00 [0.00, 0.01] 0.12 0.45
Sex -0.06 [-0.26,0.14] -0.11  0.55
Step 2 Diabetes 0.01 [-0.21,0.23]  0.01 0.96
Weight (kg) 0.01[0.00,0.01]  0.47 0.002*
Glucose (mmol/L)+ -2.33 [-4.60,-0.05] -0.33 0.045%*

TNF-a, tumor necrosis factor-alpha; Adj, adjusted; df, degrees of freedom. TLog (base 10)-transformed
variable. Reciprocal (inverse)-transformed variable. *Significant, P <0.05.

3.4.12.3 IL-6

Multiple (linear) regression analysis was used to assess the ability of two dietary measures (PUFAs
as % contribution of total energy intake, SFAs as % contribution of total energy intake) to predict

serum IL-6, results for this regression model are presented in Table 3.13.

Within this regression model, at step one age, sex and diabetes accounted for a non-significant 13%
variance in IL-6, R> = .13, F (3, 37) = 1.77, p = 0.169. After entry of dietary variables to the
regression equation, PUFAs (%E) and SFA (%FE) accounted for an additional and significant 19%
of the variance in IL-6, AR’= .19, AF (2, 35) =4.91, p = 0.013. The total variance explained by the
whole model was 32%, R’ =.32, F (5, 35) = 3.26, p = 0.016. In the whole model, only two predictors
were statistically significant and of these, sex had a greater magnitude of effect (B = 0.50, p = 0.009)
than saturated fat as a percent of total energy intake (f = 0.39, p = 0.018).

Table 3.13. Multiple linear regression model for the outcome variable IL-67 at baseline

Model

IL-6 Predictor Variables B [95% CI1] B P
Step 1 Age 0.00 [-0.02, 0.02] 0.01 0.97
(Confounders) Sex 0.50[0.01,0.98] 0.40 0.047*
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Diabetes 0.12[-0.38,0.61  0.10  0.63

Age 0.00[-0.01,0.02] 0.05 0.76

Sex 0.6210.16,1.07]  0.50 0.009*
Step 2 Diabetes 0.20[-0.26,0.65] 0.16  0.38

SFA (%E) 0.07[0.01,0.14]  0.39 0.018*

PUFA (%E)t 0.40[-1.51,0.71] -0.11 047

IL-6, interleukin-6; Adj, adjusted; df, degrees of freedom; PUFA, polyunsaturated fatty acid; SFA, saturated
fatty acid. TLog (base 10)-transformed variable. *Significant, P <0.05.

3.4.12.4 Adiponectin

Multiple (linear) regression analysis was employed to assess the ability of two anthropometric
variables (BMI, FM (%)) and two biochemical variables (AST, ALT) to predict levels of

adiponectin, and the results of this regression model are presented in Table 3.14.

On step 1, age, sex and diabetes status accounted for a non-significant 13% variance in adiponectin,
R*=.13,F(3,37)=1.83, p=0.160. On step 2, the entry of anthropometric variables BMI and FM
(%) to the regression equation, accounted for an additional significant 21% variance in adiponectin,
AR’= 21, AF (2,35)=5.52, p = 0.008. On step 3, the addition of biochemical variables AST and
ALT accounted for an additional non-significant 10% of the variance in adiponectin, AR’= .10, AF
(2,33)=2.80, p=0.075. The total variance explained by the whole model was 43%, R’=43,F (7,
33) =3.61, p = 0.005, however there were no individual statistically significant predictors in this

model (p>0.05).

Table 3.14. Multiple linear regression model for the outcome variable Adiponectint at baseline

Model

Adiponectin  Predictor Variables B [95% CI] p P

Step 1 Age 0.01[0.00,0.02] 0.25 0.15

(Confounders) Sex 0.16[-0.09,0.41] 0.25 0.21
Diabetes 0.08[-0.18,0.33] 0.12 0.55
Age 0.01[0.00,0.017] 0.24 0.14
Sex -0.09 [-0.50,0.32] -0.14 0.66

Step 2 Diabetes 0.13[-0.11,0.37] 0.21 0.27
BMI 0.00[-0.03,0.03] -0.01 0.96
FM (%) 0.03[0.00,0.06] 0.66 0.08
Age 0.01[0.00,0.02] 033 0.06
Sex -0.07 [-0.46,0.32] -0.11 0.72
Diabetes 0.06[-0.18,0.30] 0.09 0.63

Step 3 BMI 0.00[-0.03,0.03] 0.02 0.93
FM (%) 0.02[-0.01,0.05] 0.53 0.14
ALT (U/L)¥ 0.66[-0.11,1.43] 0.50 0.09
AST (U/L)t -0.32[-1.21,0.58] -0.20 0.48
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Adj, adjusted; df, degrees of freedom; BMI, body mass index; FM (%), fat mass percent; ALT, alanine
aminotransferase; AST, aspartate aminotransferase. TLog (base 10)-transformed variable. *Significant, P
<0.05.

3.4.12.5 Resistin

Multiple (linear) regression analysis was completed to assess the ability of two anthropometric
variables (BMI, FM (kg)), to predict levels of leptin, results of this regression model are presented
in Table 3.15.

On step 1 of the regression model, age, sex and diabetes status accounted for a non-significant 3%
variance in resistin, R° = .03, F (3, 37) = 0.35, p = 0.786. After entry of anthropometric variables,
BMI and FM (kg) accounted for an additional non-significant 11% of the variance in resistin, AR’=
A1, AF (2, 35)=2.29, p = 0.120. The total variance explained by the whole regression model was
14%, R’= .14, F (5, 35) = 1.13, p = 0.364. There were no individual statistically significant
predictors in this model (p>0.05).

Table 3.15. Multiple linear regression model for the outcome variable Resistint at baseline

Model

Resistin Predictor Variables B [95% CI] p P

Step 1 Age 0.00[-0.01,0.00] -0.11 0.55

(Confounders) Sex -0.02[-0.18,0.14] -0.06 0.78
Diabetes -0.08 [-0.24,0.091] -0.21 0.34
Age 0.00[-0.01,0.00] -0.08 0.67
Sex -0.03 [-0.21,0.15] -0.07 0.76

Step 2 Diabetes -0.04 [-0.21,0.12] -0.11 0.61
BMI 0.00[-0.03,0.03] -0.01 0.99
FM (kg) 0.441-0.77,1.65] 035 0.46

Adj, adjusted; df, degrees of freedom; BMI, body mass index; FM (kg), fat mass (kilograms). Log (base
10)-transformed variable. *Significant, P <0.05.

3.4.12.6 Leptin

Multiple (linear) regression was used to assess the ability of two anthropometric variables (BMI,
FM (%)), two biochemical variables (AST, HOMA-IR) and one dietary variable (linoleic acid) to

predict levels of leptin. Results of the regression model for leptin are presented in Table 3.16.

Within this regression model, age, sex and diabetes status (step 1) accounted for a significant 24%
variance in leptin, R° = .24, F (3,37) =3.97, p=0.015. At step 2, the anthropometric variables BMI
and FM (%) were added to the regression equation which accounted for an additional significant
39% of the variance in leptin, AR’= 39, AF (2, 35) = 18.11, p = 0.0005. At step 3, biochemical

variables AST and HOMA-IR accounted for an additional non-significant 4% of the variance in
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leptin, AR’= .04, AF (2,33)=1.86, p=0.172. At step 4, the dietary variable linoleic acid accounted
for an additional 0.2% of the variance in leptin, AR’= .002, AF (1, 32) = 0.22, p = 0.641. The total
variance explained by the whole regression model was 67%, R’= .67, F (8,32)=8.06, p <0.001%,
with the only significant individual predictor of leptin being diabetes diagnosis (f =0.45, p=0.016).

Table 3.16. Multiple linear regression model for the outcome variable Leptint at baseline

Model
Leptin Predictor Variables B [95% CI] p P
Step 1 Age 0.00 [-0.01, 0.01T 0.09  0.60
(Confounders) Sex 0.36[0.11,0.61] 0.53  0.01
Diabetes 0.09 [-0.17,0.35] 0.14 047
Age 0.00 [-0.00,0.01] 0.11  0.36
Sex 0.23 [-0.10,0.56] 0.34 0.16
Step 2 Diabetes 0.21[0.02,0.40] 0.32 0.033*
BMI 0.02[0.00,0.04] 0.34 0.10
FM (%) 0.02 [0.00,0.04] 0.44 0.12
Age 0.00[0.00,0.01] 0.11 0.34
Sex 0.31[-0.03,0.64] 0.46 0.07
Diabetes 0.28 [0.06,0.51] 0.42 0.015*
Step 3 BMI 0.02 [0.00, 0.04] 0.38 0.06
FM (%) 0.01[-0.01,0.04] 0.31 0.26
AST (U/L)t 0.08 [-0.31,0.47] 0.05 0.69
HOMA-IR} 0.24 [-0.06,0.55] 0.21  0.11
Age 0.00[0.00,0.01] 0.12 0.33
Sex 0.31[-0.03,0.64] 0.46 0.07
Diabetes 0.30[0.06,0.54] 0.45 0.016*
BMI 0.02 [0.00,0.04] 0.38 0.07
Step 4
FM (%) 0.01[-0.01,0.04] 0.34 0.24
AST (U/L)t 0.08 [-0.32,0.47] 0.04 0.70
HOMA-IR} 0.27[-0.06,0.60] 0.23 0.11
Linoleic Acid¥ 0.08 [-0.25,0.41] 0.06 0.64

Adj, adjusted; df, degrees of freedom; BMI, body mass index; FM (%), fat mass percent; AST, aspartate
aminotransferase; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance. TLog (base 10)-
transformed variable. *Significant, P <0.05.
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3.5 Discussion

The results of this chapter provided a detailed description of the sociodemographic, anthropometric
and body composition, biochemistry, inflammatory, liver, and dietary intake profiles of individuals
with NAFLD who were recruited for the MEDINA trial, and characterised by sex and criteria for
MetS. The results of this cross-sectional analysis indicated that the majority of participants were
overweight and obese, insulin resistant and had elevated liver outcomes, reflective of fatty
infiltration and moderate/mild fibrosis. Males had particularly low levels of adiponectin and higher
VF than females, while females had increased levels of circulating IL-6 and leptin. In the full cohort,
adiponectin was positively associated with obesity markers (BMI and fat mass), liver enzymes
(ALT and AST) and leptin. The inflammatory marker leptin was significantly correlated with other
inflammatory markers hs-CRP, TNF-a and adiponectin. BMI was a strong predictor of hs-CRP; sex
(female) and SFA were the strongest predictors of IL-6, and sex and diabetes were strongest
predictors of leptin. Baseline dietary intake analysis showed that this group did not meet the
population recommendations for energy and carbohydrate intake but were consuming high amounts
of total and saturated fats, total sugars and protein. Over half of the cohort fit the criteria for MetS
and, as expected, participants with the MetS and NAFLD had significantly higher levels of fasting
insulin, HOMA-IR, HDL-c and triglycerides, compared to those without the MetS. There did not
appear to be any other significant differences in anthropometry or body composition, biochemical,
inflammatory, or liver markers in those with both the MetS and NAFLD in comparison to

individuals without the MetS.

Within this NAFLD cohort, over 90% of participants were overweight or obese with body
composition measurements exceeding population norms; more than half of the cohort met criteria
for the MetS and just under half were diagnosed with T2DM. Participants in the MEDINA study
were representative of a wider NAFLD population, as determined by clinical characteristics of the

407498 and overlap of metabolic disorders.* 410 As anticipated, participants with the MetS

group
had higher levels of fasting insulin, HOMA-IR and diagnostic markers for the MetS (HDL-c and
triglycerides), which suggests the presence of metabolic alterations.*'! Insulin resistance will induce
chronic hyperglycaemia, which initiates oxidative stress and triggers an inflammatory response
leading to cell death.*'> Marchesini et al. (2003) found that even after controlling for sex, age and
body mass, participants with the MetS and NAFLD carried a higher risk of NASH fibrosis.’”* In
skeletal muscle and adipose tissue, IR affects glycogen synthesis, protein catabolism and lipoprotein
lipase function resulting in an increase of FFAs and release of inflammatory markers including IL-
6, TNF-a and leptin.*'? Indeed, IR and inflammation are important clinical implications for the
future development of adverse cardiovascular events. In the present cohort, the MetS group had a
similar inflammatory profile and IHL (%) to the non-MetS/NAFLD only group. This indicates that
NAFLD is indeed the hepatic manifestation of the MetS, but also highlights that NAFLD is present

in both the MetS and worryingly present in people without these risk factors. A recent observational
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study conducted in two Melbourne metropolitan hospitals highlighted the importance of capturing
patients with metabolic abnormalities in the clinical setting prior to them progressing to end-stage
liver and CVD.*” Multidisciplinary clinical approaches could be useful to screen and manage high-

risk patients with multiple metabolic disorders.

The pro-inflammatory cytokines CRP, TNF-a, IL-6, and adipokines leptin and resistin, were
investigated in this study as they have been previously linked to the pathogenesis of NAFLD and
progression of fibrosis in NASH.*!* Levels of these inflammatory mediators are not widely reported
in a NAFLD or chronic liver disease cohort, therefore it is difficult to determine the severity of
inflammation present in this cohort given there were no healthy controls included in the study. A
study conducted by Jarrar et al. (2008) aimed to assess levels of circulating cytokine and adipokine
markers in obese controls compared to patients with NAFLD and NASH. The inflammatory
markers assessed included TNF-a., IL-6, adiponectin and resistin,'!”* and in comparison to MEDINA
participants in this cohort circulating levels of TNF-o and adiponectin corresponded with
classifications ranging between “simple steatosis” and “NAFLD diagnosis” in Jarrar’s study
group.'” While circulating levels of adiponectin were low in participants enrolled in the MEDINA
trial, adiponectin measures were not markedly lower than healthy populations and were not to the
extent of other NAFLD or NASH populations studied (classified as hypoadiponectinemia). 4416
Circulating IL-6 was considerably higher in their study participants and not comparable to this
group, whereas circulating resistin was significantly lower in their group and higher in this group
of participants.!”® While resistin has been associated with steatosis and portal inflammation and
histological NAS,*!> the role of resistin as an inflammatory marker has only been partly uncovered
and its role in the pathogenesis of IR, obesity and NAFLD is still largely unclear.'” Serum resistin

8

is variable in NAFLD patients and have been found to be higher,*'” lower,*"® or without

173, 419

difference compared with healthy or obese controls. Alternatively, TNF-o. was markedly

raised in the present study group compared to previously studied NAFLD patients and

416 whereas IL-6 was found to be lower in this group when compared

corresponding healthy controls,
to the same NAFLD patients and healthy controls.*!® It is well known that proinflammatory
cytokines TNF-a. and IL-6 are drivers of disease progression in NAFLD,*> NASH #* 42! and
CVDs,*?? though circulating levels improve with lifestyle modification together with improvement
of liver damage.*'” 43 In vivo, accumulating evidence indicates that resistin has strong
proinflammatory properties partially stimulating the release of IL-6 and TNF-o.*** Thus, it is
possible that a participating pathway for cytokine release may be activated by the underlying

mechanisms of resistin leading to NAFLD and associated liver damage.*** 4%

Adiponectin is the only known adipokine that is down-regulated in obesity and is therefore thought
to have a protective, anti-inflammatory and anti-fibrotic potential. The results of a regression
analysis in the present study found that BMI and fat mass (%) were positive, significant predictors
for high levels of circulating adiponectin. One study investigating patients with NAFLD, chronic

154



hepatitis B (CHB) and healthy controls found similar adiponectin levels to this cohort for those
diagnosed with CHB or healthy controls, though their NAFLD patients were slightly more
adiponectin deficient.*?® #2” Another study in NAFLD patients, obese controls and healthy controls
saw altered (low) levels of serum adiponectin in those with NAFLD and higher levels in both obese
and healthy controls.*!” The present MEDINA groups levels of adiponectin were in comparison
with that of the obese control participants in their study. The results of the present study showed
that circulating levels of adiponectin were higher than that of other NAFLD cohorts, which could
also be indicative of a less severe disease phenotype observed in the MEDINA study.*?® A
systematic review and meta-analysis which included twenty-seven studies found that although total
serum adiponectin was higher in controls compared with NAFLD or NASH patients, adiponectin
was similar between controls and NAFLD patients when controls were subjected to liver biopsy.**!
Authors speculated that higher adiponectin was associated with no or milder liver injury meaning
that hypoadiponectinemia plays a role in the progression from NAFLD to NASH (secondary hit),
whereas its role in the development of NAFLD (first hit), if any, is yet to be defined.**! Although
most research eludes to the anti-inflammatory potential of adiponectin, some epidemiological
studies have observed similar positive associations between adiponectin, increased cardiovascular
risk and mortality in obese, diseased populations.**”#%4*2 One prospective study reported a positive
association between high plasma adiponectin levels and mortality due to chronic heart failure, also
associated with a high BML**® Meanwhile, Pilz et al. (2006) found that high adiponectin
independently predicted all cause, cardiovascular and non-cardiovascular mortality.*** NAFLD is
considered a key precursor to CVD-related mortality. Since not all studies agree with the complex

nature of adiponectin and its various isoforms, more studies are required to form firm conclusions.

In this cohort, females tended to have a higher inflammatory profile than men for all pro-
inflammatory cytokine and adipokine markers, particularly in leptin and adiponectin. Of interest,
the regression model for leptin found that combining age, sex (female over male), diabetes
diagnosis, and BMI and fat mass (%), were all significant predictors of leptin. Additionally, the
presence of diabetes was an independent predictor of leptin. In 2009, Argentou et al.*** also found
a positive association between serum leptin and the presence of diabetes in obese patients with
NAFLD. Furthermore, their study showed a trend for association of leptin with percentage body fat
as seen in this study.** It was also noteworthy that the females in this cohort had a less favourable
body composition with higher rates of adiposity and intrahepatic lipids, and a greater diagnosis of
T2DM and IR. Similarly, Westerbacka et al. (2004) found that women tended to have higher levels
of subcutaneous fat, liver fat and fasting insulin, though men had more intraabdominal (or visceral)
fat than females.**® They also found that this excess intraabdominal fat was linked to adiponectin
deficiency in men,**¢ this too was seen in this cohort’s male population. Males in this cohort tended
to have significantly more visceral fat and notably lower levels of circulating adiponectin. Previous
literature indicate that males tend to have higher amounts of visceral fat, lower levels of adiponectin

and higher levels of TNF-a due to the functional differences in visceral adipose versus subcutaneous
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tissue.**” These findings are in keeping with previous studies, which interestingly reported that
when matched for age, BMI and insulin sensitivity, both adiponectin and leptin levels are greater
in females.**® Argentou et al. (2009) also noted sex differences in serum leptin and adiponectin
levels which were both higher in women compared to men,**® further supporting previous studies
in chronic liver disease and highlighting sex-related differences in circulating adipokine levels.**
Since numerous physiological factors can affect circulating levels of adiponectin, including age,
sex, insulin sensitivity and body fat distribution, it is difficult to evaluate the clinical significance
of such a sensitive marker of disease. Together, these studies highlight the importance of

categorising pro-inflammatory and anti-inflammatory markers with any important disease variables

in order to assess progression and severity of liver disease.

Sex differences apparent in NAFLD have been associated with adipose tissue and adipocytokine
distribution, but also with interactions between sex hormones and insulin resistance.**® Adipocytes
found in subcutaneous adipose tissue are more dense in oestrogen receptors and leptin release,
which can also protect against visceral adipose tissue accumulation.*? It is well known that sex and
age exhibit effects on disease prevalence and severity. Sex and age are both major influential factors
in the compartmentalization of adipose tissue, and females in this study were also significantly older
than males. Among younger patients, NAFLD and NASH is more common in men (2-3 times);
however, after the age of 60 (y), the prevalence of NASH is higher in women.*! > Age and sex
differences imply that oestrogen may play a protective pathophysiological role in NAFLD, however

additional studies are required to explain this association.*?*

There were slightly more females than males in this study group and the majority of patients were
of Asian ethnicity. The prevalence of NAFLD is rising at alarming rates in Asian populations due
to the reported genetic predisposition to NAFLD and NASH for those of Asian ethnicity.”" 444-44¢
Rates of NAFLD prevalence are now reported to be as high as 20% in China, 27% in Hong Kong,
and 15-45% in South Asia, South-East Asia, Korea, Japan and Taiwan.** 47450 Studies suggest the
effects of the increasingly common change to a more Western-style dietary pattern and increased
sedentary lifestyle are associated with the increase in prevalence of obesity and chronic diet-related

disease in Asian countries.®!

Aside from poor diet, susceptibly to NAFLD is considered as
inherited, after various genome-wide association studies have indicated that several single
nucleotide polymorphisms (SNPs) affect NAFLD prevalence and severity.*** Certain genotypes in
ethnic populations have been associated with a higher risk for developing T2DM, NAFLD and

NASH.*2

Regression models for hs-CRP, TNF-a and IL-6 were significant, however the model for resistin
was not significant. BMI was a significant predictor of hs-CRP, a strong association which has been
well-reported in the literature.'> 4*4* CRP was thought to be only produced by the liver, though
these associations indicate that adipose tissue may also induce the up-regulation of CRP production.
TNF-a was significantly predicted by body weight and glucose. TNF-a has been previously
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associated with measures of visceral adiposity and is often implicated in the development of obesity
and IR, hence the results of this study support this implication.*> %3¢ It has also been reported that
TNF-a should be investigated in large populations for significant associations to be seen,*°
therefore the sample size of this study may have been inadequate to detect significant associations
between other variables such as IR and VF. Sex and saturated fat as a percentage of total energy
were significant predictors of IL-6, a finding which has not been widely reported in previous
literature. The accumulation of FFAs in hepatocytes may indeed be a result of increased dietary
intake of SFAs, and this accumulation activates IKK-B and NF-«B transcription factors which are
the pathways for release of various proinflammatory makers including IL-6.%® The positive
relationship between IL-6 and SFA may be attributed to this mechanism. In addition to these
findings, leptin was significantly associated with hs-CRP, TNF-a and adiponectin. Interestingly,
elevated levels of leptin have previously been associated with enhanced levels of certain
inflammatory species including IL-1 and TNF-a. In this cycle, levels of circulating serum leptin
and other cytokines feed the prolonged status of a pro-inflammatory milieu.**” **® The positive
association and ability for leptin to predict adiponectin may be related to respective roles in glucose
metabolism, however given future studies are needed to determine the role and association

inflammation and leptin secretion in NAFLD patients.

Liver biochemistry, "TH-MRS (IHL%) and TE (LSM) were used to measure liver health. ALT was
elevated in this cohort, though this was required for participation in the study (as listed in the
aforementioned eligibility criteria). This NAFLD cohort had liver enzymes within the normal
ranges except for GGT (which was above the reference range for a healthy population), increased
IHL (%) and increased LSM. There were no differences in liver outcomes and histology between
male and female participants, or between MetS or non-MetS participants. Furthermore, only
adiponectin was significantly and moderately associated with ALT and AST. Elevated
aminotransferase levels (ALT/AST) are often indicative of hepatocellular injury, and the alkaline
phosphatase and bilirubin tend to be elevated in cholestatic injury.3”® Studies in similar populations
have shown that although elevated ALT is routinely used as an entry criterion, values of other liver
enzymes, AST, ALP and GGT, often remain unchanged in study groups and the low sensitivity of
these tests make it difficult to differentiate between healthy controls and a NAFLD population via
these markers.**> % Alternatively, liver enzymes are seen to be significantly elevated in progressed
liver diseases, including NASH and liver cirrhosis.*** Though liver enzymes were previously
considered a strategy for NAFLD diagnosis and management, many studies have now deemed these
liver biochemistries a non-effective and non-precise indication of fatty liver.?**3%% 4 Increasingly
sensitive, precise and non-invasive markers are required to give a true indication of prevalence or
severity of liver disease and liver histology.**> The usefulness of serum markers of inflammation as

a general diagnostic and monitoring method is widely being explored.*®
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Accurately assessing dietary intake in patients in the real world setting is difficult and susceptible
to error.>®> Variability in dietary composition data and under-reporting of food and/or beverage
intake often occurs where self-reported diet data is collected from participants. Dietary intake within
this cohort was self-reported and thoroughly checked by a dietitian, though the potential for under-
reporting either due to inability to recall diet history or the tendency to alter reporting in the presence
of a nutrition professional could have occurred as a consequence of this methodology. Nevertheless,
despite a low total energy and carbohydrate intake, participants in this cohort were consuming
higher amounts of total fat, sugars and protein. In comparison to RDI’s, this cohort had a high intake
of SFA and low intake of PUFAs. Similar to this, Cortez-Pinto and colleagues identified
significantly lower carbohydrate, and higher total fat and PUFA consumption in NAFLD patients
compared with healthy controls.*! Cortez-Pinto and colleagues also found that their participants
were consuming higher amounts of MUFAs in comparison to SFAs, and these were both above the
recommended intakes, however consumption of PUFAs fell below the recommended intake. These
results were reflective of our study groups fat intake pattern which is noteworthy considering the
strong causal link between excess fat consumption, obesity and NAFLD. Ideally, diets should

contain <10% SFA in order to alleviate unfavourable changes in IR and triglyceride content.*6?

As previously mentioned, although total carbohydrate intake was lower than the recommended
intake, total protein and sugar consumption was increased in this population. Indeed, the harmful
effects of excess sugar intake on hepatic and metabolic functions contributing to NAFLD
pathogenesis have been widely reported. So too, have the effects of animal-derived protein intake
on liver damage.*®® Zelber-Sagi et al.*** conducted a cross-sectional study in NAFLD patients living
in Israel, and found that their patients were consuming higher amounts of sugar (particularly soft
drinks), meat protein and lower intakes of fish rich in omega-3. A smaller study in Japan reported
that a group with NASH were consuming higher amounts of simple carbohydrates, glucose and
fructose, in the form of fruit, confectioneries, sweetened cereals, and cookies, than patients in their
NAFLD group.*® They did find, however, that their NAFLD patients consumed higher amounts of
protein and zinc compared to the NASH patients. Researchers concluded that foods high in sugar,
and therefore glycaemic index (GI), stimulate excessive and prolonged insulin secretion, resulting
in increased fat mass and non-esterified free fatty acid circulation, which are then deposited for
accumulation as lipids in hepatocytes of the liver.*®> Essentially, this is the “first hit” in the

pathogenesis of NAFLD.

Participants were consuming lower than the recommended serves of wholegrains and higher than
the recommended serves of refined grains, indicative of poor diet quality typically seen in a NAFLD
population. The type and amount of carbohydrates have been implicated in the aetiology of chronic
diseases such as obesity, diabetes and dyslipidaemia, affecting body weight and adiposity
directly.**> Altogether, the complex nature of wholegrains are protective and rich in compounds that

function as antioxidants, such as trace minerals and phenolic compounds, and phytoestrogens, with
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potential hormonal effects.*¢

Wholegrains have received considerable attention recently in
NAFLD, particularly within a Mediterranean Dietary pattern in which it is a staple food item and
has been linked to a decrease in hepatic steatosis and improved IR.*” A wider range of studies
incorporating wholegrains into a well-balanced dietary pattern are warranted in the context of

NAFLD management.

A surprising observation in this cohort was the adequate intake of dietary fibre, considering the
under-consumption of wholegrains, fruit and vegetable servings. An in-depth analysis into the types
of fruits and vegetables being consumed was not completed, although participants may have been
consuming staple foods high in fibre even though overall intake was inadequate. Fruit and vegetable
intake were particularly low in this cohort, which is often observed in obese populations.*t®
Similarly, a study in Japan reported inadequate intake of vegetables in NAFLD patients compared
with T2DM patients.*® Also staple foods in the Mediterranean Diet, vegetables and fruits are
considered to have a pivotal role in preventing the oxidative stress process,*’® while encompassing

components such as antioxidants, phytosterols and phytochemicals reducing CVD risk.*"!

A strength of this study was that the dietary intake data for this cohort was descriptive and cross
checked by a dietitian within the participant’s dietary consultation to ensure that the food diary was
completed thoroughly. Another strength of this study was the extensive medical documentation
provided to researchers through each hospital clinic database, including existing co-morbidities and
follow-up documentation. Biochemistry and liver enzyme profiles were tested at the Alfred
Hospital Pathology Clinic providing accuracy, and 'H-MRS is the gold-standard measurement of
IHL (%). Liver histology was assessed using TE, Fibroscan and although this is a common method
of fibrosis measurement, it can sometimes be inaccurate in an obese population. Limitations of this
study included participant over- or under-reporting due to monitoring can cause deviations and
inaccuracies in the data resulting in false meeting of nutritional targets. Typically cross-sectional
studies will contain a larger sample size than that which was studied in the MEDINA Trial, however
recruitment into the trial was slow due to the eligibility criteria within the trial and the small
numbers of NAFLD patients referred to and captured in the clinical setting.*” The smaller study
group result in less powerful statistical analyses and fewer significant associations, it also allows
for the sex difference (more females recruited than males) to be more predominant in nature. Future
studies are warranted in larger NAFLD populations in order to better identify and describe

characteristics of liver injury, inflammation and dietary intake in these patients.

3.5.1 Conclusion
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In conclusion, participants enrolled in the MEDINA trial were overweight and insulin resistant at
baseline. The anthropometric profile of participants was similar to other cohorts of patients with
NAFLD, in terms of increased body mass and adiposity. Although some metabolic biomarkers,
inflammatory markers and liver outcomes were elevated to the upper-limit of a healthy or “normal”
range, these participants could be classified as metabolically “at-risk™ or early stages of NAFLD.
There were marked differences in the sex distribution of age, visceral fat and some inflammatory
markers in this population and female sex was a predictor of leptin and IL-6. This is indicative of
influential mechanisms of sex in individuals with NAFLD and potentially a disparity in disease
progression between males and females. Aside from cardiometabolic markers which reflected the
diagnostic criteria for the MetS, there were no significant differences in biochemical or
inflammatory markers, nor liver outcomes for participants with the MetS in comparison to those
without the MetS. This cohort were consuming excess amounts of total and saturated fat, total
sugars and (animal) protein and inadequate servings of fruits and vegetables at baseline which is
similar to the dietary intake observed in other NAFLD populations. This group was however,
consuming an inadequate amount of total energy and carbohydrate. Whether this was an error of
under-reporting or a true indication of this cohort’s diet composition is unknown and a limitation
of the study methodology. Although this cross-sectional study contained some limitations, a
descriptive analysis of the MEDINA Study cohort provides an insight into an Australian-based
multiethnic NAFLD population. Dietary intervention strategies focussing on anti-inflammatory,
insulin-lowering approaches not intended to reduce body weight could be beneficial in this

population.
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4 The effect of a Mediterranean Diet versus Low-Fat Diet on
Inflammation in patients with Non-Alcoholic Fatty Liver

Disease: the MEDINA Randomised Controlled Trial

4.1 Abstract

Introduction: Non-Alcoholic Fatty Liver Disease (NAFLD) is characterised by the abnormal
accumulation of hepatic triglyceride in the liver. The pathogenesis of NAFLD is complex and
involves “multiple-hits” prompted by poor diet and environment, leading to insulin resistance (IR),
increased visceral adiposity, chronic low-grade inflammation, oxidative stress and alterations in the
gut microbiome. Diet and lifestyle interventions remain the primary management strategy in the
treatment of NAFLD. The Mediterranean diet (MedDiet) is recognised for lowering hepatic
steatosis, IR and liver enzymes in patients with diabetes and the metabolic syndrome, in part, via
its anti-inflammatory properties. The primary aim of this study was to determine the effect of an
ad libitum MedDiet versus low-fat diet on inflammatory markers in Australian patients with
NAFLD. Secondary aims were to assess the effect of dietary intervention on liver outcomes, insulin

resistance, biochemistry, and anthropometry in patients with NAFLD.

Methods: Forty-two patients with biopsy or ultrasound proven NAFLD were randomised to the
MedDiet (n=19) or low-fat diet (n=23). Participants attended dietary consultations at 0-, 6- and 12-
weeks and measurements of anthropometry, body composition, blood samples and liver outcomes
were taken at these timepoints. Diet data was collected using 3-day food diaries and validated 14-

item MedDiet or low-fat diet adherence questionnaires.

Results: Thirty nine participants completed the intervention, MedDiet (n=18) and low-fat diet
(n=21). The MedDiet group significantly improved levels of adiponectin from baseline to 12-weeks
(13.7 £ 9.2ug/mL to 17.0 £ 12.5ug/mL, p =0.016). Significant reductions in fasting insulin and
HOMA-IR were seen in the LFD group (20.0 = 12.4mIU/L to 16.4 + 11.3mIU/L, p =0.031, and 6.5
+5.6t05.5+5.5, p=0.047, respectively). No inflammatory markers improved following the LFD.
Mean weight change in the LFD group was -4.02 + 2.29kg, albeit not significant (p >0.05). Both
diet groups experienced a significant reduction in VF content from baseline to end-intervention, the
reduction was significantly greater in the LFD group compared to the MedDiet group (4.4 = 2.1L
to 1.5 £ 0.6L, p =0.0005, vs 3.2 + 1.5L to 1.8 + 1.4L, p =0.0005). Diet quality and adherence to a
Mediterranean-style dietary pattern significantly improved for all participants, regardless of diet

group assignment.

Conclusion: This study found that adherence to the MedDiet significantly improved the anti-
inflammatory marker adiponectin and visceral fat, in the absence of weight loss. Conversely, the
low-fat diet elicited improvements in liver enzymes and insulin resistance, with a marked albeit
non-significant reduction in body weight.
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4.2 Introduction

Non-alcoholic fatty liver disease (NAFLD) is defined as the accumulation of excess lipids in the
liver, mostly in the form of triglycerides, and where alcohol consumption is absent (ethanol intake
<30g/day for men and <20g/day for women).*” In its simplest form, NAFLD occurs as hepatic
triglyceride accumulation (or simple steatosis) and as a result of additional inflammation and tissue
injury can progress to non-alcoholic steatohepatitis (NASH), with or without fibrosis.*”> Without
management, NASH may further progress to cirrhosis and hepatocellular cancer (HCC), increasing
the burden of liver transplantation and risk of cardiovascular diseases (CVDs) and all-cause

mortality. 473473

NAFLD has quickly emerged as the most common liver disease in the developed
world,”” paralleling the increase in rates in metabolic diseases such as obesity, type 2 diabetes
mellitus (T2DM) and the Metabolic Syndrome (MetS),*’® 4”7 all known risk factors for the
development of CVD.*’® In fact, research has found that NAFLD is a predictor of development of
incident T2DM and MetS over a median 5-year follow up.'* Furthermore, there is an approximately

2-fold increase in cardiovascular events for patients diagnosed with both NAFLD and T2DM.*”

More recently, NAFLD has been referred to as a “multisystem” disease resulting from a complex
interaction of metabolic ‘hits’, genetic and environmental factors,** and affecting several extra-
hepatic organs and regulatory pathways.* The driving pathogenic mechanisms of NAFLD remain
unclear, though theories such as the “multiple-hits model” provide some insight into the various
interactions involved. The proposed model identifies ‘hits’ including diet, insulin resistance (IR),
visceral adiposity, a pro-inflammatory state, oxidative stress, alterations in the gut microbiome,
genetic predisposition and environmental factors to be primarily responsible for NAFLD
development and progression.*”- 48! Excess energy consumption usually in the form of processed
foods high in saturated fat, cholesterol and/or fructose often result in increased serum levels of free
fatty acids (FFAs), elevates triglycerides and alterations to the gut microbiota.'** 2*¢ High saturated
fat intake leads to ceramide (FFA) synthesis and induces IR, inflammation and cell death in the
liver.*3? Alongside a suboptimal diet, physical inactivity and obesity contribute to the storage of fat
as visceral adipose tissue.*®! IR also affects adipose tissue, rapidly promoting adipocyte
proliferation and dysfunction which then induces lipolysis and the release of pro-inflammatory
cytokines and adipokines such as Tumour Necrosis Factor-alpha (TNF-a), Interleukin-6 (IL-6) and
Leptin. Inflammatory cytokines and adipokines play a key role in the progression from steatosis to
NASH, while IR amplifies de novo lipogenesis (DNL), together sustaining a chronic low-grade
inflammatory and insulin resistant state. As a result of these processes, increased hepatic uptake of
FFAs and altered activity of the gut microbiota lead to lipotoxicity and mitochondrial dysfunction
with oxidative stress, producing reactive oxygen species and endoplasmic reticulum stress with

activation of unfolded protein response, all advancing hepatic inflammation.*!

The interplay between inflammation, IR and obesity in NAFLD has been termed a ‘vicious cycle’,
in which each condition promotes the other and accelerates the development of NAFLD.'** In the
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presence of lipotoxicity and altered adipose tissue function, the activation of several pathways lead
to an increase in cytokine and adipokine production and secretion in the liver. Following a high-fat
diet, an increase in hepatic activities of nuclear factor kB (NF-kB) was associated with activation
of Kupffer cells and increased hepatic expression of interleukin-1 beta (IL-1B), IL-6 and TNF-o..!?
The up-regulation of IL-6 and TNF-a are responsible for an increase in the production of acute
phase proteins such as CRP and fibrinogen.*3 434 Elevated plasma CRP is a well-known marker of
inflammation and has been positively associated with risk of CVD.**. A number of adipocyte-
derived inflammatory markers including adiponectin, leptin and resistin are also associated with
NAFLD, predominately released from visceral adipose tissue.*®> Adiponectin is an important
mediator in the pathogenesis of NAFLD, exerting favourable metabolic effects and acting as an
insulin sensitizer.*® Hence, lower circulating levels of adiponectin have been found in those with

NAFLD.®" Unlike adiponectin, adipokines leptin and resistin exert proinflammatory,*? 4

profibrogenic*® and prodiabetogenic*®!- 4

effects on the body. While lipid accumulation is the main
initial step in the development of NAFLD, it is IR and a prolonged pro-inflammatory milieu that
are thought to drive disease progression. Meanwhile, unhealthy dietary patterns support an
inflammatory milieu by increasing the production and release of cytokines (IL-6, TNF-a, CRP) and

adipokines (leptin, resistin), while lowering concentrations of circulating adiponectin.*?

Diet and lifestyle interventions remain the chief management strategy for the treatment of NAFLD
in the lack of proven safe and effective pharmacotherapy.** Traditionally dietary recommendations
for NAFLD included calorie-restricted diets centred around a weight loss of approximately 7-10%
body weight.** Such diets were based on the theory that a reduction in body weight is directly
associated with a reduction in intrahepatic lipid (IHL) through the restriction of excess calories and
dietary fats and exercise. Weight loss is also proposed to change the activity of adipose tissue,
reduce intra-abdominal adiposity and reverse detrimental inflammatory effects, associated with a
decrease in inflammatory markers. A recent systematic review of eight intervention studies in
individuals with NAFLD found that diet and lifestyle regimes focussing on energy-restriction and
exercise had the most significant improvements in IR and NAFLD severity.* Authors of the review
did not report on the effects on inflammatory markers, however studies summarised in the
systematic review conducted by the Doctoral Candidate **°, found that diets resulting in weight loss
(usually calorie-restricted diets) were most effective in reducing inflammatory markers in NAFLD
cohorts. In more severe cases of NAFLD and NASH fibrosis however, rapid weight loss may
aggravate the degree of fibrosis and inflammation present.**® A main concern of caloric restriction
in this patient group is that the sustainability of weight-loss and associated liver, metabolic and
inflammatory outcomes is seldom reported. Weight loss-centred dietary interventions have been
effective for short-term improvements in NAFLD, though there remains a lack of consistent high-
quality literature concerning the duration, sustainability and robustness of interventions, preventing

translation into clinical practice.*”> While weight loss remains a primary outcome in the treatment
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of patients with NAFLD, improving diet quality and nutrient profiles independent of weight has

become an increasingly recognised treatment approach.*’’

Considering the multifactorial origin of NAFLD, health benefits of strategies or interventions that
tackle the pathogenic ‘hits’ of NAFLD are of increasing interest.”®> The usefulness of the
Mediterranean Diet (MedDiet) in lowering hepatic steatosis, IR and liver enzymes independent of
weight loss has previously been investigated in patients diagnosed with T2DM and NAFLD.?75: 4%
499 A cross-sectional study by Kontogianni et al. (2014)°* found that greater adherence to a MedDiet
pattern was inversely associated with severity of hepatic steatosis, IR and circulating IL-6 in
individuals diagnosed with NASH, to a greater extent than those with NAFLD or simple steatosis.
One randomised controlled trial (RCT) conducted in patients with NAFLD found that levels of
adiponectin improved whilst adhering to a MedDiet supplemented with polyunsaturated fatty acid
(PUFA) enriched olive oil over a duration of 12-months.**® Currently, there are few well-designed
RCTs assessing the impact of MedDiet on inflammatory markers in NAFLD, though the efficacy
of a MedDiet in improving inflammatory markers has been evaluated in obese, MetS and high

501-503

CVD-risk populations.

In a randomised-single blind trial of one hundred twenty premenopausal obese women, half were
assigned to a low-calorie Mediterranean-style diet with increased physical activity and nutritionist-
guided sessions about how to achieve >10% reduction in body weight and the other half assigned
to a control group, only receiving general information about healthy food choices and exercise.>%?
After the 2-year intervention, significant improvements in body weight, IR, IL-6, CRP and
adiponectin were seen in the intervention group.>*® The control group also experienced significant
reductions in body weight and IR but not in inflammatory markers, leading authors to state that a
low-calorie Mediterranean diet with exercise is feasible and sustainable for improving inflammation
and IR.°” The same researchers conducted a study to assess whether a Mediterranean-style diet
versus prudent diet affected endothelial function and vascular inflammation in one hundred eighty
patients with the MetS.>*! Patients following a Mediterranean-style diet showed greater weight loss
and reductions in IR, hs-CRP, IL-6, IL-7 and IL-18 than patients in the prudent diet group.’®' The
effect of these changes persisted after adjusting for weight loss, highlighting that the anti-

inflammatory effects of the Mediterranean Diet may extend beyond weight loss.>!

The Mediterranean Diet has received considerable attention for the effects on vascular inflammation
in high CVD-risk patient groups. Findings from well-known PREDIMED (Prevencion con Dieta
Mediterranea; Prevention with the Mediterranean Diet) study in patients at high-risk for CVD,
showed that a 3-month Mediterranean Diet supplemented with extra virgin olive oil (EVOO)
decreased hs-CRP to a greater extent than a Mediterranean Diet supplemented with nuts or a low-
fat diet.’® A study involving patients with diabetes or >3 CVD-risk factors observed significant
decreases in vascular cellular adhesion molecule-1 and circulating concentrations of IL-6 following
a MedDiet supplemented with virgin olive oil or a MedDiet supplemented with nuts, but not

164



following a low-fat diet>* In patients with T2DM, a moderate to high adherence to a
Mediterranean-type diet has been associated with lower levels of circulating TNF-o and higher
plasma adiponectin concentrations than those with low adherence.’*> 3% Conversely, a recent
systematic review assessing the effects of Mediterranean-type diets on inflammatory markers in
patients with coronary heart disease found that while observational studies consistently
demonstrated an inverse relationship between the MedDiet and inflammatory markers in this
population this trend was not confirmed by RCTs, highlighting the paucity of literature in this
area.’”” Authors made a crucial note about components of Mediterranean diets in their review,
stating that while some trials used what may be considered a ‘healthy’ diet, they were not
necessarily reflective of a traditional Mediterranean dietary pattern which may play a role in the

lack of anti-inflammatory effects observed.>"’

The traditional MedDiet is considered a relatively high-fat diet, with principle components
including a high consumption of plant-based foods — fruits and vegetables — wholegrains, legumes
and nuts, and extra virgin olive oil (EVOO)) as the main source of dietary fat. Fish (including oily
fish) is promoted as the main source of protein, with a moderate consumption of poultry, eggs and
fermented dairy products and low consumption of red meat and sweets. Moderate consumption of
red wine is recommended and during mealtimes. The MedDiet does not promote weight loss but
rather provides an abundance of nutrients and anti-inflammatory compounds such as
polyunsaturated fatty acids (PUFAs) and monounsaturated fatty acids (MUFAs), fibre, low-
glycaemic index (GI) carbohydrates and polyphenols.?®> Adherence to this dietary pattern has been
associated with a decrease in hs-CRP, IL-6, IL-18, TNF-o and circulating levels of free radicals.>®
The mechanistic feature of EVOO as the main dietary fat allows ingested MUFAs (oleic acid) to
decrease oxidized low-density lipoprotein (LDL), LDL-cholesterol and triglyceride (TG)
concentration without the concomitant decrease in HDL.>* Daily consumption of EVOO, but not
refined olive oil, was found to be effective in reducing CRP and IL-6 in patients with coronary heart
disease.’!® Additionally, the replacement of carbohydrate and saturated fatty acids (SFAs) in the
diet with an increase in MUFAs may reduce blood glucose levels and increase in HDL.3!! From
another mechanistic standpoint, an increased intake of omega-3 (n-3) PUFAs from oily fish in the
MedDiet exerts beneficial, anti-inflammatory effects which upregulate hepatic lipolysis.*'? Indeed,
a few studies have shown diets enriched with n-3 PUFAs are able to reduce hepatic steatosis,
circulating TNF-a and IR.3% 3! Polyphenols have been associated with favourable changes in post-
prandial dysmetabolism which may reduce levels of CRP.** 3> Meanwhile, low-GI carbohydrates
rich in fibre are known to decrease glucose absorption, hepatic influx of glucose and DNL, whilst
also modulating gut microbiota.*”>'* A reduction in IHL content and CRP synthesis has also been
observed in the context of low-GI diets.’!> 3¢ In the treatment of chronic disease caused by
underlying chronic low-grade inflammation, emphasis is increasingly placed on diets such as the
MedDiet that are rich in plant-based foods and recommend avoidance of highly processed, energy-

dense food products.**
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Although the role of specific foods, food groups and individual nutrients are acknowledged in the
link between diet and disease, increasing importance is now placed on the evaluation of diet quality
and overall food patterns which consider the synergistic effects of nutrients.*”* Several dietary
indices have been formed and validated to monitor adherence, adequacy and balance of healthy
eating patterns. These dietary indices and scores are evolving to include lifestyle and behavioural
factors which may influence an individual’s adherence or non-adherence to the dietary pattern of
interest.?*® The original Mediterranean Diet Score (MDS) was developed by Trichopoulou et al.
(1995) consisting of eight core components of a traditional MedDiet and frequency of food or food
group consumption.’'” The PREDIMED group developed a comprehensive 14-point MedDiet
questionnaire, which was validated against FFQ data and incorporated Mediterranean cooking style,
eating patterns and ingredients.*®® While there is consistent epidemiological evidence of the
protective effect of the MedDiet pattern in metabolic and high CVD-risk disorders,’'®! the effect
of improved diet quality and/or adherence to a Mediterranean-style diet on concomitant markers of
inflammation in NAFLD is lacking. Moreover, investigating the compounded effects of diet on
multiple disease states such as NAFLD and T2DM, may provide investigators with a more
comprehensive and well-rounded approach to preventing and managing diseases which develop
from the same metabolic abnormalities and inflammatory processes. The assessment of dietary
patterns, inflammation and NAFLD in the same patient population throughout a well-designed

dietary intervention trial is needed.

4.3 Section One: The effect of a Mediterranean Diet versus a Low-Fat Diet on

inflammation in NAFLD
4.3.1 Aims

The primary aim of this study was to determine the effect of an ad /ibitum MedDiet versus low-

fat diet on inflammatory markers in Australian patients with NAFLD.
The secondary aims for the first section of this research chapter were:

(1) To assess the effect of the MedDiet versus LFD on liver outcomes, insulin resistance,

biochemistry, and anthropometry in patients with NAFLD.

(i1) To assess the change in nutrient and food group intake in MedDiet and LFD study groups

and compare dietary intake of participants to the prescribed diets.

(i)  To determine the correlation between inflammatory markers and liver, clinical and dietary

outcome measures in each diet group.

(iv) To assess change in diet quality and compliance to a MedDiet in a pooled NAFLD cohort

and explore differences in key outcomes between higher and lower levels of compliance.
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V) To determine which clinical markers predicted a change in inflammatory status between
baseline and end of intervention, regardless of dietary prescription (pooled cohort

regression analysis).

4.3.2 Hypotheses:

It was hypothesised that a MedDiet would be beneficial in improving inflammation, liver outcomes
and IR in patients with NAFLD. Adherence to key dietary components of a MedDiet pattern may
be associated with changes in inflammatory markers and provide insight into a dietary management

approach targeting chronic low-grade inflammation rather than weight loss in this population.

4.4 Section Two — Subgroup Analysis:
Assessing the impact of a dietary intervention and overall improved diet
quality in patients diagnosed with NAFLD and T2DM (n=18).
4.4.1 Rationale:

Section one of this chapter found that there were differences in the number of participants with type
2 diabetes mellitus randomised to each dietary intervention group. For this reason, further analysis
(section two) was conducted in the subset of the population diagnosed with T2DM versus those

without T2DM in order to assess their responsiveness to diet.

4.4.2 Aims

The aims of the second section of this research chapter were:

(1) To assess the effect of the MedDiet versus LFD on inflammatory markers, insulin
resistance, biomarkers and liver outcomes in a subset of the population of individuals

diagnosed with T2DM and NAFLD.

(ii) To assess the impact of overall improved diet quality in individuals diagnosed with T2DM

and NAFLD (pooled cohort).

4.4.3 Hypotheses:

It was hypothesised that individuals diagnosed with T2DM and NAFLD may have a greater
response to a MedDiet and a LFD intervention, resulting in greater improvements in inflammation,

liver outcomes and IR for patients with NAFLD and T2DM versus patients with NAFLD only.
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4.5 Methods
4.5.1 Study Design

This study was a multicentre, randomised dietary intervention trial in patients with NAFLD,
registered with the Australian New Zealand Clinical Trials Registry (ANZCTR) Trial ID:
ACTRNI12615001010583. The intervention period ran for 12-weeks, with data collection
timepoints at 0-weeks (baseline), 6-weeks (mid-intervention) and 12-weeks (end-intervention). The
overarching trial (MEDINA) also had data collection timepoints at 6-months and 12-months in
order to assess sustainability of each diet in the study population after the intervention period was
complete, however this 6- and 12-month data is not presented in this chapter or doctoral thesis. The
protocol for the overarching randomised controlled trial has previously been published by
Papamiltiadous et al., (2016),** was designed in accordance with and adheres to the Consolidated

Standards of Reporting Trials (CONSORT) statement (Appendix 10).5%

4.5.2 Participant Screening and Recruitment

Participants were recruited from the outpatient Liver Clinics of four major metropolitan hospitals
across Melbourne: Alfred Health, Eastern Health, The Royal Melbourne Hospital and St Vincent’s
Hospital. Recruitment was conducted between December 2014 and March 2018. Prior to each liver
clinic, patient lists were screened by a trained researcher for potentially eligible participants and the
managing hepatologist was informed. The same trained researcher also attended each liver clinic
and subsequent to referral from the hepatologist, informed the patient of the trial in lay terms. If the
patient was agreeable, a participant informed consent form (PICF) was provided and additional

screening was conducted (Appendix 3.1).

4.5.3 Eligibility Criteria

The full eligibility criteria for the MEDINA trial are provided in Chapter 2, Table 2.1. Upon
fulfilment of this criteria, an additional screening questionnaire (Appendix 3.2) was administered
to gain further information on the main elements of the eligibility criteria. Briefly, details pertaining
to NAFLD diagnosis and imaging were obtained in the form of ultrasound and/or liver biopsy and
serum alanine aminotransferase (ALT) levels within the previous 12-months were recorded. Serum
ALT were required to be raised (>30 males, >20 females) and <5 times the upper limit of normal
(ULN), fasting glucose and insulin levels were collected and homeostatic model assessment-insulin
resistance (HOMA-IR) was calculated and required to be >2 units. Medical history and co-
morbidities were checked and participants were excluded if they: had a HbA1C level above 8%,
had cardiovascular, cerebrovascular and/or peripheral vascular disease, had pulmonary,
gastrointestinal, renal, metabolic, haematological, neurological, psychiatric, systemic or any acute
infectious disease or signs of acute illness, or psychosocial or gastrointestinal malabsorptive

conditions, or currently/previously had bulimia nervosa, anorexia nervosa or any other eating
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disorder or issues of substance abuse (alcohol or drugs). Pregnancy, clinical depression or
psychiatric care or a weight loss or gain of more than 5-kilograms in the previous 3-months were
also exclusion factors. Participants were not to be actively following any diets such as Light and
Easy, Jenny Craig, etc. Medications including immunosuppressants, amiodarone and/or
perhexiline, or excessive consumption of vitamin E, vitamin C or vitamin D (>3000IU p/d) were
criteria for exclusion. If participants had changed dosage of fish oil within the previous 3-months,

this was recorded, as was alcohol consumption and change in weight prior to enrolment in the study.

4.5.4 Dietary Interventions

Following successful screening and enrolment into the trial, participants were randomised to either
one of two dietary intervention arms by one researcher using computer-generated randomisation,
stratified to sex and diabetes status. An Accredited Practicing Dietitian (APD) was allocated to the
LFD group and another APD allocated to the MedDiet group to ensure that there was no potential
cross-over of advice given to either diet group. Over the 12-week intervention period, each
participant attended three face-to-face dietary consultation appointments (0-week, 6-week and 12-
week) and received three phone-call follow up sessions (2-week, 4-week and 9-week) with their
respective dietitian. Additional detail regarding the timing, content and data collection within these
sessions is provided in Chapter 2 (Sections 2.6, 2.7, 2.8). Both diets were delivered in an ad-
libitum approach and weight-loss was not a main outcome of this study. Physical activity
recommendations were not given to participants in either diet group, although if a participant had
personal goals towards weight-loss or physical activity this was not discouraged instead it was
recorded during their dietary consultation, as well as within a physical activity questionnaire (Active
Australia Questionnaire) that was collected at each face-to-face appointment. Breakfast was
provided to all participants in the form of a Jalna® yoghurt and Carmen’s® muesli bar on the day of

each face-to-face appointment after a fasting blood test was taken.

4.5.4.1 The Low-Fat Diet (LFD)

The LFD was based on dietary recommendations in line with the Australian Dietary Guidelines and
the Heart Foundation advising dietary patterns. ' 3> Specifically, advice was given to participants
regarding portion sizes, low-fat options and cooking methods which was based on the Australian
Guide to Healthy Eating.*>® The education and resources provided to participants in the LFD group
were reflective of a dietary consultation in a typical outpatient diabetes clinic consult. Participants
in the LFD group received a $20 Coles Supermarket gift voucher at the baseline, mid-intervention
and end-intervention appointments to promote attendance and to assist them in purchasing some of

the dietitian suggested food items.
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4.5.4.2 The Mediterranean Diet (MedDiet)

The MedDiet intervention was based on a traditional MedDiet as previously published in the
MEDINA Study protocol paper?’” and described in Keys et al. seven countries study.’** The
macronutrient composition of this MedDiet was reflective of a traditional Cretan Diet and
comprised of approximately 44% fat (>50% monounsaturated fatty acids), 36% carbohydrates, 17-
20% protein and up to 5% alcohol. A strong emphasis was placed on high consumption of plant-
based foods including fruit and vegetables, whole grains, legumes and raw unsalted nuts, oily fish
and the consumption of EVOO as the main culinary fat. Fermented dairy and white meat were
recommended in moderate amounts, while red meat and sweets were recommended in small
amounts. The dietitian advised changes taking into consideration each participants lifestyle, cultural
and personal preferences and written resources designed to explain the MedDiet, it’s components
and principles were provided. Participants in the MedDiet group received a food hamper containing
staple foods of a MedDiet including Cobram Estate © EVOO, nuts (Almond Board Australia),
canned legumes, beans and fish (Simplot Australian Pty Ltd and HJ Heinz ©) at the baseline, mid-

intervention and end-intervention appointments.

There was an expected cross-over with some food group recommendations given to participants in
each dietary intervention groups, particularly regarding daily intake of fruit, vegetables and
wholegrains, and limited intake of processed foods. However, the MedDiet also promoted key
dietary components that the LFD did not, such as consumption of EVOO, legumes and nuts, oily
fish and fermented dairy, and a lower consumption of red meat. The total energy intake of the
MedDiet was envisaged to be higher than that of the LFD due to the composition of the of dietary
fat recommendations. For example, monounsaturated fat would form >50% of total fat intake.
Weight-gain was not expected in the MedDiet group based on previous studies that predict that the

increased MUFA and omega-3 intake stimulate lipid oxidation.>?* %

4.5.5 Demographic Data

During the first face-to-face (0-week) appointment, a trained researcher (AR/EG) collected
demographic information from each participant using a self-reported questionnaire (Appendix 3.3).
Data collected included information regarding participant age, sex, marital and living status, level
of education and current occupation, smoking status and ethnicity. Medication and supplement use

were also recorded at baseline, and at each subsequent face-to-face appointment.

4.5.6 Anthropometric, Haemodynamic and Body Composition Measures

Using standard procedures in duplicate, a trained researcher collected participant weight, height,
waist circumference (WC), hip circumference (HC) and neck circumference (NC), as well as

systolic blood pressure (SBP) and diastolic blood pressure (DBP) at each of the face-to-face
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appointments. Height (m) and weight (kg) were used to calculate BMI (kg/m?), and waist and hip
circumference were used to calculate waist-to-hip ratio. Reference ranges according to the World
Health Organisation (WHO)*® were followed. Body composition was also assessed at each face-
to-face appointment using Seca© Bioelectrical Impedance Analysis (BIA) scales, complete with
measures of fat mass (FM) in kilograms (kg) or percent (%), fat-free mass (FFM), fat mass index
(FMI), fat-free mass index (FFMI), skeletal muscle mass (SMM) and visceral fat (VF).
Anthropometric and body composition measurements were collected from all participants at each
face-to-face appointment; baseline (0-week), mid-intervention (6-week) and end intervention (12-

week).

4.5.7 Primary Outcome Measures — Inflammatory Markers

The primary outcomes investigated in this study were inflammatory cytokines; hs-CRP, TNF-a,
and IL-6, and adipokines; adiponectin, leptin and resistin. Blood samples were collected from
participants using SST vacutainers and after centrifugation sera was separated and frozen at -80°C.
Samples were collected, processed and stored by a trained MEDINA researcher at the Alfred
Hospital (Gastroenterology Department) and once all participants had completed the intervention
samples were transported to Deakin University for further analysis. Alongside collaborators from
Deakin University, Melbourne, a trained MEDINA researcher (AR) assisted in the analysis of
cytokine and adipokine markers using milliplex immunoassay kits (Millipore Corp., Billerica, MD,
USA) which simultaneously measured serum levels of cytokines (interleukin-6 (IL-6) and tumor
necrosis factor alpha (TNF-a), cat num: HSTCMAG-28SK) and metabolic hormones (Adiponectin,
Resistin and Leptin, cat num: HMHEMAG-34K) as previously described.’*® The assay was
performed according to the manufacturer’s instructions and all samples were run in duplicate.
Inflammatory markers were measured at the baseline (0-week) and end intervention (12-week)

timepoints.

4.5.8 Secondary Outcome Measures

Pathology blood samples were also collected at the Alfred Hospital and biomarker analysis of the
following markers were carried out by Alfred Pathology Laboratory: insulin resistance (glucose,
insulin), liver enzymes (total protein, albumin, globulin, bilirubin, ALT, AST, alkaline phosphatase
(ALP), GGT and lipid studies (total cholesterol, low-density lipoprotein (LDL), high-density
lipoprotein (HDL), triglycerides). These biomarkers were collected at each face-to-face
appointment; baseline (0-week), mid-intervention (6-week), end-intervention (12-week).
Homeostatic model assessment-Insulin Resistance (HOMA-IR) was calculated from fasting
glucose and insulin levels (fasting glucose (mmol/L) x fasting insulin (mmol/L) / 22.5 = HOMA

units) and was used as a surrogate marker to quantify disease severity in this cohort.
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In this study, the magnetic resonance imaging (MRI) technique, proton magnetic resonance
spectroscopy (‘H-MRS) was used to measure intrahepatic lipid (IHL) content. This is the gold-
standard technique used to quantify hepatic steatosis.!" All MRI studies were performed by a
qualified radiographer who was blinded to participant study details. The studies were performed on
an Avanto 1.5T system (Simmens©) machine at the Baker Heart and Diabetes Institute, The Alfred

Centre, Melbourne.

Transient elastography (TE) Fibroscan™ was used to measure liver stiffness and fibrosis in this
cohort. Following a minimum 2-hour fast each participant underwent ultrasound TE at S0Hz using
a Fibroscan™ machine, performed and evaluated by a Hepatologist at the Alfred Hospital,
Melbourne (Gastroenterology Department). Participants underwent 'H-MRS and liver stiffness
measure (LSM) assessment at baseline (0-week) and end intervention (12-week) appointments.

Liver stiffness was reported in Kilo Pasqual’s (kPa).

4.5.9 Dietary Assessment

Participants were required to complete 3-day food diaries prior to each face-to-face appointment
(baseline (0-week), mid- (6-week) and end-intervention (12-week)) in order for habitual dietary
intake and dietary compliance to be assessed. Participants were given instructions to detail and
describe all food and beverage consumption to the best of their ability throughout two weekdays
and one weekend day, and during each dietary consult the food diary was cross-checked by the
dietitian to check for any missing detail or errors that could be corrected during the appointment.
Portion sizes were also cross-checked, as well as branding of food products. Whilst the food diary
was self-reported, the cross-checking by the dietitian was thought to provide additional accuracy in
diet reporting. Although this was done, over- or under-reporting of dietary intake is expected as is
known to be common in nutrition research. The 3-day food diaries were entered and analysed using
FoodWorks8® using the AUSNUT 2013, AusBrands 2015 and AusFoods 2015 databases.
Macronutrient, micronutrient and food group analysis was exported from FoodWorks9™ and
further analysis was conducted in SPSS® statistical package version 25 (IBM Corp, Released
2017).

4.5.10 PREDIMED Score

Adherence to a Mediterranean Diet was assessed using a 14-point checklist which was developed
and validated by MedDiet researchers in Spain, who were investigating the effects of a MedDiet in
cardiovascular disease.>®® The checklist is comprised of key components (foods and beverages)
characteristic of a traditional Mediterranean Diet, each item is worth one point for inclusion or zero
for exclusion from diet. Therefore, greater adherence will score higher in points on the 14-point
checklist and less adherence will score closer to ‘0’. An example of this checklist is presented in

Appendix 6.2. The checklist was completed by each participant in the MedDiet group prior to each
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face-to-face appointment on the trial and the checklist as reviewed by the consulting dietitian during
their dietary consult to ensure participants understood the checklist and to minimise errors or
inconsistencies. For the LFD group, MedDiet adherence scores were calculated retrospectively so

that comparisons could be made between groups for MedDiet adherence.

A separate 9-item PREDIMED checklist was used as a crude measure for adherence to a LFD in
the LFD group. This checklist was also developed by the aforementioned PREDIMED Study and
contained key components of the LFD and questions regarding low-fat cooking methods, for which
participants scored one point for adherence and zero for non-adherence. The greater the score (up
to 9), implied the greater adherence to a LFD. An example of this checklist is presented in Appendix
6.3. Each participant in the LFD group completed this checklist prior to each face-to-face
appointment on the trial and the checklist as reviewed by the consulting dietitian during their dietary

consult to ensure participants understood the checklist and to minimise errors or inconsistencies.

4.5.11 Statistical Analysis

Prior to performing any statistical analyses, data was checked for obvious data entry errors and
outliers. If an error was found or data was deemed uncertain, original data was checked, and where
possible the error was corrected. Outliers were defined as observations above or below + 2.24
standard deviation (SD) unit of the mean.?’ There were no outliers excluded for this analysis as all
were deemed correct and true values. Data that was available for participants at each timepoint was
utilised in all analyses. Completers of the intervention (n=39) were included in post-intervention
analysis, where data did not exist for a participant (drop-out or missed appointment) they were not

included.

All statistical analysis was performed by one independent researcher (AR) using the Statistical
Package for the Social Sciences (SPSS), version 25 (IBM Corp, Released 2017). Normality of
variables was assessed using Kolmogorov-Smirnov statistic and normality was indicated by a non-

significant result (p >0.05).

Throughout this chapter, irrespective of normality, descriptive statistics are reported as mean +
standard deviation (SD) and categorical variables presented as frequencies (n) and percentages (%).
This was done so that meaningful comparisons could be made between outcomes at each timepoint,

however data was statistically analysed according to normality of each variable.

4.5.11.1 Section One:
The effects of a dietary intervention in patients with NAFLD

For between groups analyses of the LFD and MedDiet groups, independent samples t-tests were
used for parametric data and Mann-Whitney U Tests were used for non-parametric data (p <0.05)
for the analyses of the differences in outcome variables between the two groups. For within dietary

intervention group analyses between the baseline and end-intervention timepoints, paired samples
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t-tests were used for parametric data and Wilcoxon Signed Rank Tests were used for non-parametric
data (p <0.05). In order to assess the differences between the baseline (0-week), mid-intervention
(6-week) and end-intervention (12-week) timepoints, one-way repeated measures ANOVA tests
were used for parametric data and Friedman tests were used as the non-parametric alternative. Post
hoc testing was applied using Bonferroni correction (parametric test) or Wilcoxon Signed Rank
Test (non-parametric test) as appropriate. The p-value for Bonferroni corrected tests was adjusted

appropriately for testing across three timepoints (p <0.017).

Partial correlation was used to determine the strength and direction of the relationship between each
inflammatory marker (cytokines and adipokines) with liver outcomes, blood biomarkers,
anthropometry and body composition measures and nutrient and food group intake within each diet
group while controlling for change in weight between baseline and end intervention. This was done
to ensure that any change in weight — particularly weight loss — between the baseline and end-
intervention timepoints which may influence the variables of interest, was removed. Eliminating
weight-loss as a confounding factor allows for a clear and more accurate indication of the
relationship between variables. R-values were classified as weak (0.10 to 0.29), moderate (0.30 to

0.49) or strong (0.50 to 1.00) correlations.>?®

Total PREDIMED Scores for dietary adherence to a MedDiet for the MedDiet and LFD groups are
presented as mean + SD, and between group differences calculated using independent samples t-
tests at the baseline and end-intervention timepoints. Change in the PREDIMED MedDiet scores
from baseline to end-intervention within each dietary intervention group were calculated using
paired samples t-tests. Compliance to each dietary component on the checklist (14-items) were also
presented as mean = SD and change in adherence between the baseline and end-intervention

timepoints within each dietary intervention group was calculated using paired samples t-tests.

Adherence to a LFD was also assessed using a separate PREDIMED checklist in the LFD group
only, and data was presented as mean + SD and change in adherence between the baseline and end-
intervention timepoints within the LFD intervention group was calculated using paired samples t-

tests.

To assess the impact of adherence to a MedDiet and improved diet quality at the end of intervention,
PREDIMED scores for the overall cohort were divided into two categories labelled “higher
adherence” and “lower adherence” derived from above and below mean values for the end-
intervention PREDIMED score. Mean + SD values of inflammatory markers, liver outcomes,
HOMA-IR and key anthropometric and body composition variables were assessed between levels
of adherence. All measurements were from the end intervention timepoint and included the entire
(pooled) cohort. Significance between the two groups was identified using independent samples t-

tests for parametric data and Mann-Whitney U Tests for non-parametric data.
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Partial correlation was used to determine the strength and direction of the relationship between each
inflammatory marker (cytokines and adipokines) with nutrients and food groups known to be
associated with the MedDiet, while controlling for the baseline value of the inflammatory marker.
Partial correlations were also conducted to determine the linear relationship between inflammatory
markers with liver outcomes and blood biomarkers, anthropometry, body composition and nutrient

and food group intake, after controlling for weight change between baseline and end intervention.

Multiple linear regression analyses were used to generate prediction equations for significantly (p
<0.05) correlated variables with each inflammatory marker at the post-intervention time point.
Firstly, models were conducted using key nutrients and food groups of the MedDiet input as
independent variables and each inflammatory marker input as the dependent variable. Separate
models were conducted with anthropometric, body composition, biochemical and all dietary intake
variables as the independent variable and each inflammatory marker as the dependent variable. For
each regression model, non-parametric variables; hs-CRP, IL-6 and leptin were included as log-
transformed variables in order to conform to normality. In each regression model, the inflammatory
marker at the post-intervention timepoint was input as the dependent variable and the baseline value
of the inflammatory marker was adjusted for in the model. Age, sex, diet group, diabetes status and
body weight (kg) at baseline were controlled for in each regression model. Randomisation to either
dietary intervention group was controlled for as this analysis intended to find predictors of
inflammatory markers regardless of the influence of dietary intervention. Diabetes status was
controlled for due to the significant difference in insulin and HOMA-IR between participants with
and without diabetes. Body weight (kg) was controlled for to ensure that weight change between
timepoints did not influence the predictive ability of models. Age and sex were considered potential
confounders and were controlled for in each model. Before interpreting the results, a number of
assumptions were tested, and checks were performed. Assessment of the normal probability plot of
standardised residuals and the scatterplot of standardised residuals against predicted values
indicated that the assumptions of normality, linearity and homoscedasticity were met. If two
variables were similar in nature or one variable encompassed another (for example, PUFA (%E)
and linoleic acid), only the variable with the strongest correlation was included in the regression
model. Potential violations of the assumption of multicollinearity was assessed by collinearity
diagnostic values for Tolerance and variance inflation factor (VIF). Standardised beta () regression
coefficients, squared multiple correlation (R?) or squared-change correlation (AR?), regression and
residual degrees of freedom (dfl and df2, respectively) and significance level (P-value) were

reported for each model.
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4.5.11.2 Section Two:
Assessing the impact of a dietary intervention and overall improved diet
quality in patients diagnosed with NAFLD and T2DM — Subgroup
Analysis

Statistical analysis was undertaken to assess the impact of dietary intervention in individuals with
diagnosed T2DM in comparison to individuals without diagnosed T2DM. This was done due to the
number of participants with diagnosed T2DM in the MedDiet (n=7) and LFD (n=11) groups at
baseline which may have an effect on the overall intervention changes observed. There were a much
greater number of females diagnosed with diabetes compared to males (1M vs 17F). The published
MEDINA Study Protocol 7 was initially powered to detect a between-group difference in HOMA -
IR and this study was powered to n=94 (47 participants per arm). Upon enrolment into the trial,
participants underwent stratified randomisation based on sex and diabetes status which was set-up
to account for a full cohort of 94 participants. Thus, the low number of participants who were
actually recruited to trial (n=42) is thought to have affected this randomisation process and
contributed to the sex and diabetes differences between groups (albeit, not significant). It is
anticipated that the uneven spread of sex and individuals with diabetes between groups will resolve

upon recruitment of the full cohort.

In order to assess the changes in outcomes following MedDiet and LFD interventions in the diabetes
cohort, statistical analyses were conducted for the key outcomes: anthropometry and body
composition, biochemistry, liver and inflammatory markers. Data were first split by diabetes status
(T2DM vs non-T2DM) and intervention group (MedDiet vs LFD), and key outcomes were reported
as mean + SD for baseline and end-intervention timepoints. Within the group diagnosed with T2DM
and the group without T2DM, between groups analyses of the LFD and MedDiet groups was
assessed using independent samples t-tests for parametric data and Mann-Whitney U Tests for non-
parametric data. To analyse change in each key outcome (anthropometry and body composition,
biochemistry, liver and inflammatory markers) in the pooled cohort between the baseline and end-
intervention timepoints within the T2DM and non-T2DM groups, paired samples t-tests were used

for parametric data and Wilcoxon Signed Rank Tests were used for non-parametric data.

4.5.12 Power Calculation

The power calculation for the overarching MEDINA Trial can be found in Chapter 2 (Section 2.11).
The sample of participants recruited for this study was based on IHL summary data in Table 2 of
Ryan et al. (2013) with the assumption of a 25% change of IHL in the MedDiet group and 5% in
the LFD group, resulting in difference of 20% in change of IHL.*° The required sample size for
each group was 17 (with a power of 80%, 0<0.05). Adjusting for a potential 20% dropout, the
required sample size is 17/0.8 = 21 participants per group. Therefore, the total sample size of 42

participants without dropouts was achieved.
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A sample size calculation powered to see a change in each inflammatory cytokine and adipokine
was conducted prior to analysis of outcomes. The candidates systematic review 2°° provided insight
into the effects of various dietary interventions on inflammatory markers and using results from
these studies, a priori power analysis was based on the statistical test for ‘Means: Difference
between two independent means (two groups)’. Calculation of the sample size required to detect a
significant difference between groups for hs-CRP, TNF-a, IL-6, adiponectin, resistin and leptin was
performed using statistical software program G*Power 3.0.10. The calculation included the effect
size, power (1-p err prob) of 80% and a<0.05. The estimated sample size prediction required
between 120 — 350 participants, depending on the sensitivity of each inflammatory marker. As such,
this study is a pilot and feasibility study for the purpose of these analyses. These calculations are

available in Appendix 9.

4.5.13 Ethics

Human research ethics committee approval was obtained for all recruitment sites, including Alfred
Health, Eastern Health, The Royal Melbourne Hospital and St Vincent’s Hospital. The La Trobe
University human research ethics committee also provided approval for the trial. Approval

certificates are available in Appendix 8.

4.6 Results
4.6.1 Population Characteristics

A total of 42 participants were recruited and randomised to either the LFD (n=23) or MedDiet
(n=19) intervention group of the MEDINA study. From baseline to end-intervention, a total of three
participants withdrew from the study, representing an attrition rate of 7%. Two participants from
the LFD withdrew due to family and medical reasons and one participant from the MedDiet
withdrew due to personal circumstances. Data was collected for all 42 participants at the baseline
timepoint; at the mid-intervention timepoint data for 36 participants and 39 participants completed

the study. A flow diagram of study participation is shown in Figure 4.1.

Of the 23 participants in the LFD group 14 (61%) were female and of the 19 participants in the
MedDiet group, 11 (58%) were female. There was no significant difference between the mean age
of participants in each dietary intervention group at baseline (LFD 52.1 £ 13.6 years vs. MedDiet
52.6 £ 11.7 years, p =0.90, respectively).
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Figure 4.1. Study patient flow chart for the MEDINA Study. Summary of participant recruitment and number
of participants whose data was collected at each timepoints.

4.7 Section One — The effects of a dietary intervention in patients with NAFLD

4.7.1 Differences between the MedDiet and LFD intervention groups for
Inflammatory Markers at 12-weeks — end intervention and absolute

change data

No significant differences in inflammatory markers were noted between the two dietary intervention
groups at the post intervention time point (Table 4.1). Of the inflammatory markers assessed, the
absolute change in leptin was significant between the diet groups. Participants allocated to the LFD
group reduced levels of leptin, compared to no change in the MedDiet group; -1.20 + 3.9% vs. 0.64
+ 3.5%, p=0.038.
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4.7.2 Effects of the Dietary Intervention on Inflammatory Markers— within
diet group effects

Table 4.1 presents the mean values for inflammatory markers, IHL and LSM at baseline and end-
intervention in the overall cohort and LFD and MedDiet groups, and mean change in each variable
from baseline to end-intervention. At baseline, n=3 participants had a measurement of >10 mg/L
for hs-CRP indicating an acute inflammatory state.'>® The hs-CRP measurement value for these
participants were excluded from all data analysis. At the end-intervention timepoint, n=6
participants had hs-CRP measurement >10.0 mg/L and their hs-CRP values were also excluded
from all data analysis. There was a no change in hs-CRP following both LFD and MedDiet (3.8 +
2.7mg/Lto3.5+2.6 mg/L, p=0.332,and 2.6 + 2.3 mg/L to 2.2 + 1.9 mg/L, p =0.814, respectively).
A decrease in TNF-a was observed in the LFD group, although not significant (6.1 = 6.4 pg/mL to
4.5 + 2.0 pg/mL, p =0.227). The MedDiet group experienced a small, non-significant increase in
TNF-a (3.8 +2.0 pg/mL to 4.1 = 1.9 pg/mL, p =0.507). There were no significant changes observed
for IL-6 in either diet group.

Both dietary intervention groups experienced improved levels of circulating serum adiponectin,
however this change was only significant in the MedDiet group (13.7 £ 9.2 pg/mL to 17.0 + 12.5
pg/mL, p =0.016). Serum resistin and leptin decreased in the LFD group, though changes were
small and non-significant, and did not change in the MedDiet group. There was a significant
difference in the mean change between the LFD and MedDiet groups, wherein leptin levels
decreased significantly more with the LFD compared to the MedDiet group (-1.20 + 3.85 ng/mL vs
0.64 £3.51 ng/mL, p =0.038).

4.7.3 Differences between the MedDiet and LFD intervention groups for Liver
Outcomes and Biochemistry at 12-weeks — end intervention and absolute

change data

Table 4.1 and Table 4.2 present the end-intervention and absolute change data for liver outcomes
and biochemistry between the MedDiet and LFD groups No significant differences between the
MedDiet and LFD groups were observed for liver outcomes and biochemistry at the post
intervention time point. The change in fasting insulin and HOMA-IR decreased by a greater
percentage in the LFD group compared to the MedDiet group (-3.91 + 5.9% vs -0.06 £ 6.4%, p
=0.016, and -1.16 £ 2.2% vs -0.38 £ 2.7%, p =0.022, respectively). Circulating levels of liver
enzymes ALT, AST and GGT decreased in the LFD group and increased in the MedDiet group, the
change between groups was significant for each (ALT -17.71 = 31.3% vs 9.94 + 34.9%, p =0.022,
AST -9.52 £20.5% vs 8.28 +22%, p =0.012, and GGT -38.52 +86.7% vs 11.22 £ 45.2%, p =0.037,

respectively).
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4.7.4 Effects of the Dietary Intervention on Liver Outcomes and Biochemistry

At baseline, IHL content was significantly higher in participants randomised to the MedDiet than
those in the LFD (13.7 £ 7.8% vs 9.2 = 10.6%, p =0.049)(Table 4.1). There was no significant
change in IHL content between baseline and end intervention in the MedDiet or LFD. Conversely,
LSM was non-significantly higher in the LFD group at baseline; the LFD group experienced
reductions in LSM from pre- to post-intervention (11.8 + 14.3 kPa to 10.8 = 10.2 kPa, p =0.13) and
remained the same for the MedDiet group between timepoints (7.8 £ 4.0 kPa to 7.6 = 5.2 kPa, p
=0.32).

Table 4.2 displays the mean values for HOMA-IR and biochemical markers at baseline, mid- and
end-intervention in the overall cohort and LFD and MedDiet groups, and the mean change from
baseline to end-intervention for each variable. There were significant reductions in fasting insulin
and HOMA-IR in the LFD group (20.0 + 12.4 mIU/L to 16.4 + 11.3 mIU/L, p =0.031, and 6.5 +
5.6 to 5.5 £ 5.5, p =0.047, respectively). Although not significant, noteworthy clinical reductions
were observed for fasting insulin and HOMA-IR in the MedDiet group (16.4 + 8.9 mIU/L to 15.5
+ 8.5 mlIU/L, p =0.374, and 4.4 + 3.2 to 3.9 £ 2.3, p =0.459, respectively). Liver enzymes ALT,
AST, and GGT were significantly reduced following the LFD intervention (61.5 + 37.0 U/L to 46.9
+20.8 U/L, p=0.05,41.8 +21.6 U/L to 34.1 = 15.4 U/L, p =0.004, and 126.6 + 128.8 U/L to 95.2
+72.9 U/L, p =0.028, respectively). There were moderate, non-significant increases in AST, ALT,
and GGT following the MedDiet intervention (54.1 £25.2 U/L to 64.7 = 39.5 U/L, p =0.717, 31.8
+ 12.5 U/L to 39.7 £ 27.4 U/L, p =0.362, 90.0 = 74.6 U/L to 105.1 + 91.2 U/L, p =0.298,
respectively). No significant change in ALP was seen in either diet group (p >0.05). Fasting glucose
was significantly higher in the LFD group compared to the MedDiet group at baseline (6.7 £ 1.9
mmol/L vs 5.8 = 1.6 mmol/L, p =0.028), though remained unchanged in both groups from baseline

to end-intervention (p >0.05).
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Table 4.1. Inflammatory cytokine and adipokine markers and liver outcomes at baseline and 12-week timepoints in the overall cohort and within the LFD and MedDiet
groups

Total Control Intervention p? P®
Outcome (LFD) (MedDiet)
n mean SD n mean SD n mean SD Total LFD MedDiet
hs-CRP (mg/L)

Baseline 38 3.27 2.56 21 3.84 2.69 17 2.56 2.27 0.121
End-Intervention 33 2.93 2.40 19 3.47 2.64 14 2.19 1.87 0.186 0.596 0.332 0.814
Change -0.07 1.47 -0.32 1.25 -0.25 1.69 0.419

TNF-o (pg/mL)

Baseline 41 5.01 4.93 22 6.05 6.35 19 3.81 2.04 0.071
End-Intervention 39 4.32 1.97 21 4.52 2.04 18 4.10 1.91 0.53 0.310 0.227 0.507
Change -0.70 4.19 -1.46 5.66 0.15 1.01 0.196

IL-6 (pg/mL)

Baseline 41 11.17 18.04 22 7.89 9.55 19 14.97 24.25 0.824
End-Intervention 39 13.78 20.22 21 11.39 14.31 18 16.58 25.64  0.770 0.078 0.681 0.076
Change 0.84 3.69 0.80 4.79 0.88 2.01 0.276

Adiponectin (ng/mL)

Baseline 41 15.60 12.24 22 17.25 14.37 19 13.68 9.22 0.657 0,088 0.823 0.016%
End-Intervention 39 18.36 17.47 21 19.53 21.04 18 17.01 12.55 0.856 ' ' '
Change 2.48 11.32 1.83 14.78 3.21 5.80 0.303

Resistin (ng/mL)

Baseline 41 39.68 18.73 22 41.61 22.64 19 37.45 13.12  0.647
End-Intervention 39 3943 18.30 21 39.00 20.90 18 39.94 1532 0.777 0.274 0.500 1.000
Change 0.09 11.43 -1.44 12.81 1.78 9.76 0.965

Leptin (ng/mL)

Baseline 41 16.27 12.15 22 18.65 13.60 19 13.50 9.86 0.174
End-Intervention 39 15.29 11.81 21 16.70 13.13 18 13.65 10.16  0.477 0.547 0.100 0.472
Change -0.33 3.76 -1.20 3.85 0.64 3.51 0.038*
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Outcome

Liver Outcomes
IHL (%)
Baseline
End-Intervention
Change
LSM (kPa)
Baseline
End-Intervention

Change

33
31

42
37

Total

mean

11.39
10.45
-0.60

9.99
9.26
-1.31

SD

9.51
10.39
3.80

11.02
8.22
5.26

17

23
19

Control
(LFD)
mean SD
9.20 10.65
8.94 12.43
-0.18 4.81
11.82 14.33
10.80 10.23
-2.46 6.45

Intervention
(MedDiet)
n mean
16 13.70
15 12.06
15 -1.06
19 7.76
18 7.63
-0.10

Pa

SD Total
7.80 0.049*

7.79 0.093 0.065
2.39 0.830

4.03 0.677

5.19 0.62 0.084
3.40 0.48

Pb

LFD

0.35

0.126

LFD, Low-Fat Diet; MedDiet, Mediterranean Diet; SD, Standard Deviation; hs-CRP, high sensitivity C-reactive protein; TNF-a, tumor necrosis factor-
alpha; IL-6, interleukin-6; IHL, Intrahepatic Lipid; LSM, liver stiffness measure. All data presented as mean + SD. * indicates significance (p <0.05).
Change represents absolute change in variable from baseline to end-intervention. P* p-values for comparing differences between participants in each diet
group at the respective time point; independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data. P° p-values for
comparing differences within each diet group from baseline to end intervention time points; paired samples t-test for parametric data or Wilcoxon Signed
Rank test for non-parametric data.

Table 4.2. HOMA-IR and biochemical measures at baseline, 6-week and 12-week timepoints in the overall cohort and within the LFD and MedDiet groups

Outcome

Glucose (mmol/L)
Baseline
Mid-Intervention
End-Intervention
Change
Insulin (mIU/L)

Baseline

42
34
39

42

Total

mean

6.33
6.26
6.27
-0.08

18.37

SD

1.86
1.73
1.96
1.37

10.99

23
17
21

23

Control
(LFD)

mean

6.75
6.78
6.75
-0.01

20.01

SD

1.98
1.93
2.38
1.75

12.38

19
17
18

19

Intervention

(MedDiet)
mean SD
5.82 1.62
5.73 1.35
5.71 1.14
-0.17 0.75
16.39 8.95

Pa
LFD
0.028*
0.024* 0.893
0.14
0.835
0.337 0.031*

Pb
| MedDiet
0.906 0.819
0.690
0.374

MedDiet

0.08

0.32

Pd

0.480
0.704
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Outcome

Mid-Intervention
End-Intervention
Change
HOMA-IR
Baseline
Mid-Intervention
End-Intervention
Change
ALT (U/L)
Baseline
Mid-Intervention
End-Intervention
Change
AST (U/L)
Baseline
Mid-Intervention
End-Intervention
Change
GGT (U/L)
Baseline
Mid-Intervention
End-Intervention
Change
ALP (U/L)
Baseline

Mid-Intervention

34
39

42
34
39

42
34
39

42
34
39

4
34
39

4
34

Total

mean

16.72
15.98
-2.14

5.55
4.98
4.75
-0.80

58.14

50.12
55.13%*

-4.95

37.29
34.85
36.67*
-1.31

110.10
82.97
99.74%*
-15.56

92.45
92.94

SD

10.52
9.99
6.38

4.72
4.24
4.38
243

32.07
32.56
31.73
35.47

18.58
27.27
21.64
22.76

108.11
78.19
80.92
74.21

30.57
27.61

17
21

23
17
21

23
17
21

23
17
21

23
17
21

23
17

Control
(LFD)

mean

20.57
16.41
-3.91

6.49
6.59
5.48
-1.16

61.48
45.53
46.90
-17.71

41.83
34.71
34.10
-9.52

126.65
90.41
95.19
-38.52

93.26
95.06

SD

13.27
11.28
5.94

5.56
5.34
5.53
2.19

37.01
28.49
20.85
31.33

21.61
20.58
15.38
20.47

128.81
98.80
72.93
86.77

33.34
30.14

n

17
18

19
17
18

19
17
18

19
17
18

19
17
18

19
17

Intervention
(MedDiet)
mean SD
12.88 4.56
15.47 8.54
-0.06 6.41
4.41 3.24
3.37 1.76
3.90 2.33
-0.38 2.69
54.11 25.24
54.71 36.47
64.72 39.47
9.94 34.94
31.79 12.55
35.00 33.32
39.67 27.41
8.28 22.01
90.05 74.63
75.53 52.26
105.06 91.23
11.22 45.18
91.47 27.72
90.82 25.58

Pﬁ

0.049*
0.686
0.016*

0.129
0.014*
0.686
0.022%*

0.752

0.413

0.269
0.022%*

0.172

0.518

0.856
0.012%*

0.419

1.000

0.856
0.037*

0.96
0.812

LFD

0.047*

0.05*

0.004*

0.028*

0.602

Pb

PC
0.670
0.065

0.687
0.059

0.016**
0.552

0.050
0.139

0.050
0.569

0.585

MedDiet

0.459

0.717

0.362

0.298

0.869

Pd
0.215
0.309

0.255
0.670

0.679
0.368

0.346
0.522

0.195
0.379

0.812
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Outcome

End-Intervention
Change
Bilirubin (umol/L)
Baseline
Mid-Intervention
End-Intervention
Change
Total Protein (g/L)
Baseline
Mid-Intervention
End-Intervention
Change
Albumin (g/L)
Baseline
Mid-Intervention
End-Intervention
Change
Globulin (g/L)
Baseline
Mid-Intervention
End-Intervention

Change

Cholesterol (mmol/L)

Baseline
Mid-Intervention

End-Intervention

39

42
34
39

42
34
39

4
34
39

42
34
39

4
34
39

Total

mean

95.41
1.31

14.24
15.12
14.77
0.44

76.40
74.88
75.44
-0.74

39.69

39.18
38.77*

-0.74

36.74

35.88

36.69
0.00

4.96
4.93
4.91

SD

27.65
20.91

8.80
8.51
9.79
4.41

5.64
5.35
4.69
4.08

3.29
2.50
2.25
2.20

5.73
5.31
5.37
3.06

1.55
1.38
1.48

21

23
17
21

23
17
21

23
17
21

23
17
21

23
17
21

Control
(LFD)

mean

94.19
-0.29

12.30

13.24

13.10
1.05

77.57
75.88
76.48
-1.24

39.13
38.53
38.10
-1.00

38.48
37.35
38.43
-0.24

4.87
4.77
4.74

SD

24.86
24.08

6.74
6.73
8.11
4.77

6.14
542
491
4.27

3.17
2.32
241
2.10

6.03
5.70
5.43
3.00

1.50
1.42
1.43

n

18

17
18

19
17
18

19
17
18

Intervention
(MedDiet)
mean SD
96.83 31.28
3.17 17.00
16.58 10.50
17.00 9.83
16.72 11.36
-0.28 3.95
75.00 4.74
73.88 5.25
74.22 4.24
-0.17 3.88
40.37 3.39
39.82 2.58
39.56 1.82
-0.44 2.33
34.63 4.66
3441 4.60
34.67 4.67
0.28 3.20
5.08 1.63
5.09 1.35
5.11 1.56

Pﬁ

0.967
0.728

0.149
0.231
0.321
0.460

0.144
0.283
0.136
0.420

0.229

0.134
0.042%*

0.438

0.159
0.339
0.148
0.749

0.552
0.433
0.568

LFD

0.074

0.097

0.046*

0.171

0.175

Pb

PC
0.683

0.954
0.394

0.089
0.734

0.230
0.955

0.019*
0.035*

0.494
0.592

MedDiet

0.638

0.777

0.411

0.545

0.664

Pd
0.660

0.776
0.696

0.529
0.910

0.490
0.346

0.793
0.776

0.698
0.608

184



Outcome

Change

HDL (mmol/L)
Baseline
Mid-Intervention
End-Intervention
Change

LDL (mmol/L)
Baseline
Mid-Intervention
End-Intervention
Change

Triglycerides (mmol/L)
Baseline
Mid-Intervention
End-Intervention

Change

42
34
39

42
34
39

4
34
39

Total

mean

-0.10

1.19
1.17
1.19
0.00

3.03
2.95
2.97
-0.10

1.78
1.79
1.67
-0.10

SD
0.70

0.25
0.28
0.27
0.19

1.30
1.12
1.30
0.51

0.87
0.91
0.73
0.57

23
17
21

23
17
21

23
17
21

Control
(LFD)

mean

-0.22

1.21
1.14
1.19
-0.03

2.86
2.82
2.81

-0.05

1.78
1.80
1.65
-0.14

SD
0.60

0.27
0.24
0.28
0.23

1.33
1.15
1.31
0.57

0.88
0.81
0.70
0.71

19
17
18

19
17
18

Intervention
(MedDiet)
mean SD
0.04 0.79
1.16 0.22
1.21 0.31
1.19 0.27
0.03 0.13
3.23 1.28
3.07 1.10
3.15 1.30
-0.08 0.45
1.77 0.88
1.78 1.02
1.71 0.77
-0.06 0.37

Pﬁ

0.426

0.628

0.683

0.878
0.53

0.37
0.527
0.422
0.702

0.99
0.474
0.100
0.728

LFD

0.368

0.892

0.586

Pb

PC

0.156
0.132

0.871
0.742

0.842
0.381

MedDiet

0.480

0.493

0.159

Pd

0.164
0.319

0.209
0.496

0.468
0.598

LFD, Low-Fat Diet; MedDiet, Mediterranean Diet; SD, Standard Deviation; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl
transferase; ALP, alkaline phosphatase; HOMA-IR, homeostatic model assessment-insulin resistance; HDL, high-density lipoprotein; LDL, low-density lipoprotein. All
data presented as mean = SD. * indicates significance (p <0.05), ** indicates significance (p <0.01). Change represents absolute change in variable from baseline to
end-intervention. P? p-values for comparing differences between participants in each diet group at the respective time point; independent samples t-test for parametric
data or Mann-Whitney U test for non-parametric data. P® p-values for comparing differences within each diet group from baseline to end intervention time points; paired
samples t-test for parametric data or Wilcoxon Signed Rank test for non-parametric data. P¢ p-values compares differences between baseline, mid-intervention and end-
intervention timepoints in the control (LFD) group and P¢ compares differences between baseline, mid-intervention and end-intervention timepoints in the intervention
(MedDiet) group; one-way repeated measures ANOVA tests were used for parametric data and Friedman tests were used as the non-parametric alternative; post hoc
testing was applied using Bonferroni correction (parametric test) or Wilcoxon Signed Rank Test (non-parametric test)(p<0.017).
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4.7.5 Effects of Dietary Intervention on Anthropometry, Body Composition

and Haemodynamic measures

Table 4.3 presents the mean values for anthropometry, body composition and haemodynamic
measures at baseline, mid- and end-intervention in the overall cohort and LFD and MedDiet groups,

and the mean change from baseline to end-intervention of each variable.

Interestingly, the LFD group experienced a non-significant increase in body weight (kg) from
baseline to mid-intervention (88.9 + 22.7 kg to 93.1 + 25.6 kg, p =1.000), followed by a noteworthy
but non-significant decrease of 7.3 kg from mid- to end-intervention (93.1 + 25.6 kg to 85.8 + 18.1
kg, p =0.210). From baseline to end intervention, mean weight change in the LFD group was -4.02
+ 2.29 kg (p =0.382). Conversely, the MedDiet group experienced no significant change in body
weight from baseline to mid-intervention (87.7 + 21.1 kg to 89.1 + 24.5 kg, p =0.873), and this
remained unchanged from the mid- to end-intervention timepoint (89.1 + 24.5 kg to 89.3 +£22.8 kg,
p =0.964). From baseline to end intervention, mean weight change in the MedDiet group was 0.90
+ 1.79 kg. In the LFD group mean values of BMI (kg/m?) and WC (cm) decreased notably, albeit
non-significantly, in line with the weight loss observed in the group. No significant changes were
observed for BMI (kg/m?) and WC (cm) in the MedDiet group. No significant changes were

observed for neck or hip circumference in either diet group (data not shown).

Although it was not a significant finding, fat mass (%) decreased in the LFD group (40.8 + 7.8% to
38.9 £ 7.9%, p =0.189, respectively) which is reflective of the weight loss observed. VF (L) was
significantly greater in the LFD group than the MedDiet group at baseline (4.4 £2.1L vs 3.2+ 1.5L,
p =0.017) and although both diet groups experienced a significant reduction in VF content from
baseline to end-intervention, the reduction was significantly greater in the LFD group compared to
the MedDiet group (4.4 = 2.1L to 1.5 + 0.6L, p =0.0005, vs 3.2 £ 1.5L to 1.8 = 1.4L, p =0.0005).
The change in VF was similar to that of body weight; VF increased slightly and non-significantly
from baseline to mid-intervention, then decreased significantly from mid- to end-intervention in
both the LFD (4.4 £ 2.1L to 5.1 £ 2.9L, p =0.255, and 5.1 £ 29L to 1.5 £ 0.6 L, p <0.001,
respectively) and MedDiet groups (3.2 + 1.5L to 4.1 £2.5L, p=0.289,and 4.1 £ 2.5L to 1.8 + 1.4L,
p <0.001, respectively). Visceral fat decreased in participants allocated to both the LFD and
MedDiet groups, though the change was greater in the LFD group; -3.05 + 1.9% vs -1.4 = 2.4%, p
=0.014. There were no significant findings within or between groups or across the time points for
other measures of body composition FM (kg), FFM (kg), FMI (kg/m?), FFMI (kg/m?) and SMM
(kg) (p> 0.05)(data available in Appendtix 10; Supplementary Table 3).

Haemodynamic measures of SBP significantly decreased in the LFD group from baseline to end-
intervention (127.4 = 19.2 mmHg to 118.6 £ 10.8 mmHg, p =0.038) and diastolic blood pressure
(DBP) and heart rate decreased non-significantly (83.3 + 9.8 mmHg to 80.3 £ 8.6 mmHg, p =0.059,

and 77.5 = 14.4 bpm to 75.0 = 14.5 bpm, p =0.3006, respectively). Haemodynamic measures SBP,
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DBP and heart rate fluctuated non-significantly in the MedDiet group. Of note, at baseline, heart
rate was significantly higher in the LFD group compared to the MedDiet group (77.5 £ 14.4 bpm
vs 69.5 £ 9.4 bpm, p =0.042).
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Table 4.3. Anthropometry, body composition and haemodynamic measures at baseline, 6-week and 12-week timepoints in the overall cohort and within the LFD and

MedDiet groups.

Characteristics

Anthropometry
Weight (kg)

Baseline
Mid-Intervention
End-Intervention

Change

BMI (kg/m?)

Baseline
Mid-Intervention
End-Intervention

Change

WC (cm)

Baseline
Mid-Intervention
End-Intervention

Change

WHR

Baseline
Mid-Intervention
End-Intervention

Change

Blood pressure (mmHg)
Systolic

Baseline

42
36
39

42
36
39

42
36
39

42
36
39

42

Total

mean

88.86
91.07
87.40
-0.69

32.22
32.26
31.55
-0.31

107.10

107.60

104.99
-2.10

0.97
0.98
0.96
-0.01

126.52

SD

22.74

24.79

20.22
9.28

6.27
6.60
5.15
2.96

17.03
18.46
13.77
8.74

0.06
0.05
0.06
0.04

16.26

23
18
21

23

18

21

23

21

23

18
21

23

Control
(LFD)
mean

89.80
93.09
85.78
-4.02

32.72
32.88
31.29
-0.77

108.74

108.94

103.92
-4.82

0.98
0.97
0.97
-0.01

127.43

SD

24.44
25.58
18.14
10.50

6.95
7.12
491
3.57

18.89

20.62
12.67
9.17

0.06
0.06
0.05
0.05

19.23

19
18
18

18
18

18
18

19

Intervention
(MedDiet)
mean SD
87.72 21.11
89.06 24.54
89.28 22.79
0.90 7.60
31.61 5.45
31.65 6.17
31.85 5.54
0.22 2.01
105.11 14.71
106.26 16.51
106.24 15.24
1.13 8.07
0.96 0.06
0.98 0.03
0.96 0.06
-0.01 0.04
125.42  12.15

Pﬂ

0.773
0.633
0.597
0.329

0.574

0.581
0.74

0.306

0.640
0.767
0.090
0.223

0.327
0.502
0.473
0.931

0.695

LFD

0.382

0.574

0.137

0.318

0.038*

Pb

Pc

0.467
0.210

0.310
0.301

0.316
0.501

0.313
0.577

MedDiet

0.623

0.956

0.946

0.412

0.715

Pd

0.873
0.964

0.982
0.840

0.845
0.744

0.445
0.204
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Characteristics

Mid-Intervention
End-Intervention
Change
Diastolic

Baseline
Mid-Intervention
End-Intervention

Change

Heart Rate (bpm)

Baseline
Mid-Intervention
End-Intervention

Change

Body Composition
Fat mass (%)

Baseline
Mid-Intervention
End-Intervention

Change

Visceral Fat (L)

Baseline
Mid-Intervention
End-Intervention

Change

35
37

42
35
36

40
35
37

42
35
39

35
33
39

Total

mean

120.60
120.76
-5.70

83.12
81.81
81.89
-1.92

73.69
72.83
73.09
-0.71

40.07
40.86
38.88
-1.19

3.83
4.65
1.65*
-2.22

SD

14.49
12.14
14.58

8.60
9.34
8.46
10.92

12.77
10.93
14.07
13.97

7.83
7.63
7.70
6.61

1.92
2.75
1.07
2.26

17
20

23
17
19

21
17
20

23
17
21

18
17
21

Control
(LFD)
mean

116.35
118.58
-8.85

83.35
79.29
80.26
-3.79

77.50
74.88
75.00
-2.61

40.85
42.79
38.90
-1.92

4.44
5.15
1.54

-3.05

SD

14.28
10.82
14.90

9.84
9.93
8.65
11.43

14.38
11.70
14.55
14.90

7.88
7.59
7.90
7.70

2.09
291
0.62
1.87

n

18
17

19
18
17

19
18
17

19
18
18

17
16
18

Intervention

(MedDiet)
mean SD
124.61 13.88
123.32  13.41
-2.68 14.35
82.84  7.07
84.19  8.33
83.71  &.11
0.18 10.25
69.47 9.37
70.89  10.09
70.85 13.58
1.41 12.98
39.13 7.87
39.03 741
38.86 7.68
0.27 5.19
3.19 1.52
4.11 2.55
1.78 1.44
-1.40 236

Pa

0.092
0.241
0.443

0.852
0.123
0.228
0.283

0.042*
0.287
0.379
0.397

0.486
0.147
0.986
0.522

0.017*
0.127
0.945

0.014*

LFD

0.059

0.306

0.189

<0.001**

Pb

| MedDiet
0.016*
0.499
0.991
0.039*
0.121
0.907
0.445
0.495
0.979
0.154
0.111
<0.001**
0.255
<0.001**

Pd

0.322
0.676

0.905
0.736

0.992
0.805

0.796
0.927

0.289
0.001**

LFD, Low-Fat Diet; MedDiet, Mediterranean Diet; SD, Standard Deviation; BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, wait-to-hip
ratio; NC, neck circumference. All data presented as mean + SD. * indicates significance (p <0.05), ** indicates significance (p <0.017). Change represents absolute

change in variable from baseline to end-intervention. P? p-values for comparing differences between participants in each diet group at the respective time point;
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Total Control Intervention p? pP

Characteristics (LFD) (MedDiet)
n mean SD n mean SD n mean SD LFD | MedDiet pd

independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data. P® p-values for comparing differences within each diet group from
baseline to end intervention time points; paired samples t-test for parametric data or Wilcoxon Signed Rank test for non-parametric data. P° p-values compares differences
between baseline, mid-intervention and end-intervention timepoints in the control (LFD) group and P¢ compares differences between baseline, mid-intervention and end-
intervention timepoints in the intervention (MedDiet) group; one-way repeated measures ANOVA tests were used for parametric data and Friedman tests were used as the
non-parametric alternative; post hoc testing was applied using Bonferroni correction (parametric test) or Wilcoxon Signed Rank Test (non-parametric test)(p <0.017).
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4.7.6 Effect of the LFD and MedDiet on Nutrient and Food Group Intake

Nutrient and food group intake (as mean values and standard deviation) are presented in Table 4.4
and Table 4.5, respectively, for the overall cohort and LFD and MedDiet groups at baseline, mid-
intervention and end-intervention. Mean change at the conclusion of the intervention for each
variable is also presented. Nutrient and food group variables that did not demonstrate a significant

change between timepoints are presented in Supplementary Table 4.

There were no significant differences in dietary intakes of participants assigned to MedDiet and
LFD groups at baseline, except for higher intake of serve of legumes in the MedDiet group
(p=0.030). Following the 12-week intervention, mean energy intake of both the LFD and MedDiet
groups decreased by similar amounts (-1027.9 + 2275.5 kJ, p =0.327, and -975.9 + 2842.2 kJ, p
=0.607, respectively), although neither of these reductions were significant. As a percentage of total
energy consumed, protein intake remained unchanged in LFD and MedDiet groups. Carbohydrate
intake as a percentage of total energy reduced significantly in the MedDiet group (43.7 £ 5.6% to
36.4 = 7.6%, p =0.001) and remained unchanged in the LFD group (41.1 = 7.7% to 40.9 = 8.0%, p
=0.703). Of particular importance was the change in the quality of carbohydrates consumed in the
MedDiet group, wherein wholegrain intake increased markedly, albeit non-significantly, from
baseline to mid intervention (1.4 + 1.3 serves to 2.3 £ 1.6 serves, p =0.035) then decreased slightly
and non-significantly from mid- to end-intervention (2.3 + 1.6 serves to 1.8 & 1.4 serves, p =0.157)
and refined grain intake decreased significantly between baseline and end-intervention time points
(6.4 £3.2 serves to 4.4 + 4.3 serves, p =0.012). There was a slight, non-significant decrease in both
groups for sugars as a percent of total energy consumed (LFD 16.9 +5.3% to 15.3 +4.2%, p =0.465,
and MD 16.8 = 7.4% to 14.1 £ 5.6%, p =0.092). There was a significant decrease in added sugars
as a percent of total energy in the MedDiet group from baseline to end intervention (7.5 + 6.8% to
4.6 +3.7%, p =0.034). Both the LFD and MedDiet group significantly decreased servings of added
sugars from baseline to end-intervention (7.6 £ 7.3 serves to 4.1 £ 4.4 serves, p =0.047, and 10.4 +

10.1 serves to 5.4 = 5.1 serves, p =0.009, respectively).

As expected, total fat as a percentage of total energy significantly decreased in the LFD group (35.3
+ 6.9% to 32.6 = 7.8%, p =0.047) and increased non-significantly in the MedDiet group (34.4 £+
5.6% to 40.0 = 7.0%, p =0.092). Saturated fatty acids (SFAs) as a percent of total energy decreased
non-significantly in both the LFD and MedDiet group (12.1 &= 3.9% to 10.3 + 3.3%, p =0.088, and
11.8 +2.4% to 10.8 + 3.3%, p =0.417). Monounsaturated fatty acids (MUFAs) as a percent of total
energy decreased non-significantly in the LFD group (14.6 =3.7% to 13.7 + 3.7%, p =0.092), while
increasing significantly in the MedDiet group (14.2 + 3.6% to 18.9 £ 4.8%, p =0.047). The MedDiet
group were consuming significantly more MUFAs (%E) than the LFD group at the end of the
intervention (18.9 = 4.8% vs 13.7 £ 3.7%, p =0.0005, respectively). Polyunsaturated fatty acids
(PUFAS) as a percent of total energy remained relatively unchanged in the LED group (5.9 £2.5%
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to 5.8 £ 1.9%, p =0.204) and increased non-significantly in the MedDiet group (5.8 = 2.2% to 7.6
+2.4%, p=0.211). The MedDiet group were consuming significantly more PUFAs (%E) compared
to the LFD group at the end of the intervention (7.6 £ 2.4% vs 5.8 £1.9%, p =0.012, respectively).
Trans fatty acids decreased in both LFD (1.3 £ 0.7 g to 0.9 £ 0.6 g, p =0.229) and MedDiet (1.2 £
0.7 g to 0.9 = 0.5 g, p =0.260) groups, albeit not significantly in either group. Very long chain
omega-3 fatty acids increased non-significantly in the LFD group from baseline to end-intervention
(0304 gto 0.5+ 1.2 g, p =0.465), while the MedDiet group increased markedly, albeit non-
significantly, from baseline to end-intervention (0.3 £ 0.4 g to 0.9 + 0.9 g, p =0.066). The MedDiet
group were consuming significantly more very long chain omega-3 fatty acids than the LFD group

at mid-intervention (p =0.037) and end-intervention (p =0.005).

Similar trends were observed for DHA in the LFD and MedDiet groups. DHA increased non-
significantly from baseline to end-intervention following the LFD (0.1 £ 0.2 gto 0.2 £ 0.5 g, p
=0.449) and increased markedly, albeit non-significantly, from baseline to end-intervention in the
MedDiet group (0.1 +£0.2 gto 0.5+ 0.6 g, p =0.069). DHA was significantly greater in the MedDiet
group than the LFD group at mid-intervention (0.4 £ 0.3 g vs 0.2 = 0.2 g, p =0.029) and end-
intervention (0.5 = 0.6g vs 0.2 + 0.5g, p =0.006). EPA increased in both groups, though the change
was only significant for the MedDiet group (0.1 £ 0.1 g to 0.3 = 0.3 g, p =0.03) and not the LFD
group (0.1 +£0.1g to 0.2 + 0.5g, p =0.943). At mid- and end-intervention timepoints, the MedDiet
group had significantly higher EPA than the LFD group (0.3 + 0.3 g vs 0.1 £ 0.1 g, p =0.047, and
03+03gvs0.2+£0.5g,p=0.008, respectively). DPA increased in both the LFD and MedDiet
groups slightly and non-significantly (p =0.956 and p =0.141, respectively).

Changes for components of long chain n-3 fatty acids were consistent for food group intake; both
the LFD and MedDiet group increased their intake of high long chain n-3 seafood serves, however
this change was only significant in the MedDiet group (LFD 0.1 + 0.2 serves to 0.2 £ 0.5 serves, p
=0.349, and MD 0.1 + 0.3 serves to 0.4 £ 0.5 serves, p =0.036, respectively). The MedDiet group
were consuming significantly more high long chain n-3 seafood at end intervention than the LFD
group (p =0.035). Oil equivalents, mostly composed of extra virgin olive oil (EVOO) in this cohort,
decreased slightly in the LFD group (8.2 & 4.8 serves to 7.5 + 4.8 serves, p =0.662) and increased
significantly in the MedDiet group (9.5 + 6.7 serves to 13.4 £ 8.3 serves, p =0.030). At both mid-
and end-intervention timepoints the MedDiet group were consuming significantly more oil
equivalents than the LFD group (13.2 £ 8.5 serves vs 7.2 &+ 3.5 serves, p =0.003, and 13.4 + 8.3

serves vs 7.5 + 4.8 serves, p =0.011, respectively).

Linoleic acid decreased in the LFD group (10.9 £ 6.9 g to 9.3 = 6.4 g, p =0.838) and increased in
the MedDiet (12.6 + 8.3 gto 14.4 + 8.7 g, p =0.678), however changes in both groups were non-
significant. The MedDiet group had a significantly greater linoleic acid intake compared to the LFD
group at mid-intervention (14.9+ 7.4 g vs 9.4 £ 4.4 g, p =0.009) and end-intervention (14.4+ 8.7 g
vs 9.3 £ 6.4 g, p =0.037). This same trend was observed in tocopherol alpha and vitamin E. The
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LFD decreased intake of tocopherol alpha and vitamin E, whereas the MedDiet increased intake of
tocopherol alpha and vitamin E, both non-significantly. Tocopherol alpha and vitamin E were both
significantly higher in the MedDiet group than the LFD group at mid- and end-intervention (p
<0.05). There was a significant reduction in calcium intake in both the LFD and MedDiet group
from baseline to end of intervention, however this change was only significant in the LFD group
(838.6 £ 359.6 mg to 645.6 + 253.6 mg, p =0.025, and 861.7 + 466.6 mg to 780.2 + 354.9 mg, p
=0.801, respectively).
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Table 4.4. Nutrient intake variables at baseline, 6-week and 12-week timepoints in the overall cohort and within the LFD and MedDiet groups

Control Intervention

Total (LFD) (MedDiet) P
mean SD mean SD mean SD P LFD | MedDiet P
Macronutrients
Energy (kJ)
Baseline 8619.71 3160.72 8136.45 2752.66  9204.71  3582.57 0.397
Mid-Intervention 844991 3217.85 8174.61 3607.69 872521  2853.48 0.308 0.327 0.711 0.607 0.616
End-Intervention 7654.08 3024.67 7032.55 2815.87  8379.21  3176.09 0.257 0.287 0.647
Change -1003.87  2517.87  -1027.89  2275.45 -975.86  2842.21 0.950
Protein (% of total E)
Baseline 18.95 3.89 19.54 4.01 18.24 3.73 0.287
Mid-Intervention 21.42 6.00 22.36 3.92 20.47 7.53 0.353 0.198 0.221 0.275 0.492
End-Intervention 20.51 4.68 20.95 5.10 20.00 4.22 0.537 0.901 0.526
Change 1.43 4.37 1.41 4.65 1.46 4.15 0.976
Carbohydrate (% of total E)
Baseline 42.27 6.94 41.09 7.76 43.70 5.67 0.23
Mid-Intervention 39.00 8.44 41.51 6.13 36.50 9.78 0.076 0.703 0.243 0.001* 0.004**
End-Intervention 38.86 8.06 40.99 8.01 36.37 7.59 0.073 0.455 0.945
Change -3.07 9.18 0.00 9.40 -6.65 7.70 0.022*
Sugars (% of total E)
Baseline 16.85 6.28 16.90 5.33 16.78 7.43 0.604
Mid-Intervention 14.95 5.81 16.65 7.32 13.25 3.14 0.181 0.465 0.586 0.092 0.122
End-Intervention 14.77 4.87 15.35 4.21 14.11 5.60 0.364 0.906 0.744
Change -2.19 6.35 -2.04 5.99 -2.37 6.92 0.874
Added sugars (% of total E)
Baseline 6.68 5.80 6.02 4.85 7.47 6.83 0.471
Mid-Intervention 4.03 3.21 4.06 3.44 4.00 3.07 0.938 0.073 0.028 0.034%* 0.028
End-Intervention 4.10% 3.11 3.65 2.49 4.62 3.72 0.530 0.463 0.446
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Change
Total fat (% of total E)
Baseline
Mid-Intervention
End-Intervention

Change

Saturated fat (% of total fat)

Baseline
Mid-Intervention
End-Intervention

Change

Saturated fat (% of total E)

Baseline
Mid-Intervention
End-Intervention

Change

Mono-unsaturated fat (% of total fat)

Baseline
Mid-Intervention
End-Intervention

Change

Mono-unsaturated fat (% of total E)

Baseline
Mid-Intervention
End-Intervention

Change

Total

mean
-2.76

3491

34.78

36.07
0.99

37.87
33.48
32.19%*
-5.43

12.01

10.47
10.52%

-1.50

44.14
46.59
47.65%
3.24

14.43
15.27
16.12*
1.58

SD
4.36

6.31
7.97
8.25
9.08

8.19
8.37
7.75
9.09

3.29
3.03
3.28
3.75

5.57
7.76
5.66
6.28

3.64
5.26
4.97
5.39

Control

(LFD)
mean
-2.70

35.33
30.70
32.66
-2.70

37.64
36.81
34.40
-2.94

12.11
10.25
10.27
-1.83

4431

44.35

45.57
0.80

14.58
12.64
13.68
-0.96

SD
3.82

6.95
5.58
7.83
8.44

8.89
9.47
6.93
10.90

3.90
3.23
3.35
4.14

6.01
7.34
3.85
6.37

3.77
3.31
3.69
4.75

Intervention
(MedDiet)
mean SD
-2.83 5.03
34.39 5.56
38.87 8.03
40.05 7.00
5.30 8.00
38.16 7.48
30.15 5.57
29.73 8.05
-8.20 5.64
11.88 2.45
10.69 2.89
10.82 3.27
-1.12 3.31
43.95 5.14
48.83 7.71
49.96 6.52
5.95 5.07
14.25 3.57
17.90 5.60
18.96 4.82
4.54 4.60

Pa

0.552

0.658
0.003*
0.003*
0.005*

0.840
0.015
0.063
0.068

0.821
0.670
0.608
0.554

0.752
0.111
0.026*
0.010%*

0.810
0.005*
<0.001*
0.001*

LFD

0.048*

0.176

0.088

0.465

0.092

PC

0.005**
0.044

0.599
0.516

0.105
0.817

0.647
0.287

0.094
0.446

Pb

MedDiet

0.092

0.001*

0.417

0.003*

0.047*

Pd

0.058
0.500

0.009%*
0.790

0.615
0.797

0.018
0.557

0.018
0.011*

k

k
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Poly-unsaturated fat (% of total fat)

Baseline
Mid-Intervention
End-Intervention

Change

Poly-unsaturated fat (% of total E)

Baseline
Mid-Intervention
End-Intervention

Change

Dietary Fibre (g)

Baseline
Mid-Intervention
End-Intervention

Change

Alcohol (g)

Baseline
Mid-Intervention
End-Intervention

Change

Linoleic Acid (g)

Baseline

Mid-Intervention

End-Intervention
Change
ALA (g)

Total

mean

17.98
19.93

20.16
2.19

5.86
6.46
6.66
0.76

24.25
25.89
24.19
-0.06

1.45
2.58
2.24
0.65

11.65
12.18
11.65

-0.14

SD

6.11
5.15
5.24
8.24

2.38
2.39
2.28
3.27

10.40
8.92
9.84
10.82

4.76
6.79
5.23
6.26

7.52
6.63
7.90

7.78

Control

(LFD)

mean

18.06
18.84

20.03
2.14

5.89
5.32
5.80
-0.07

24.37
24.82
24.01
-0.15

1.44
3.31
3.03
1.38

10.88
9.38
9.26

-1.53

SD

6.82
4.45
5.91
8.85

2.52
1.41
1.87
3.20

11.19
8.92

10.57
13.17

3.11
8.69
5.33
3.16

6.94
4.38
6.39

8.48

Intervention
(MedDiet)
mean SD
17.89 5.30
21.02 5.68
20.31 4.56
2.25 7.75
5.82 2.25
7.59 2.65
7.66 2.36
1.72 3.15
24.11 9.67
26.96 9.05
24.41 9.23
0.04 7.61
1.46 6.31
1.86 4.27
1.37 5.14
-0.17 8.54
12.58 8.27
14.98 7.40
14.44 8.74
1.48 6.76

0.870
0.462
0.553
0.967

0.870
0.003*
0.012*

0.088

0.937
0.480
0.903
0.957

0.34
0.864
0.303
0.455

0.604
0.009%*
0.037*

0.233

LFD

0.465

0.204

0.783

0.438

0.838

PC

0.396
0.309

0.472
0.227

0.548
0.734

0.463
0.917

0.647
0.981

Pb

MedDiet

0.311

0.211

0.314

0.382

0.678

Pd

0.145
0.679

0.085
0.983

0.708
0.591

0.345
0.499

0.306
0.983
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Baseline
Mid-Intervention
End-Intervention

Change

EPA (g)

Baseline
Mid-Intervention
End-Intervention

Change

DPA (g)

Baseline
Mid-Intervention
End-Intervention

Change

DHA (g)

Baseline
Mid-Intervention
End-Intervention

Change

Total

mean
1.63
1.42
1.48

-0.11

0.08
0.19
0.23
0.15

0.06
0.09
0.11
0.05

0.14
0.27
0.33
0.19

Very Long Chain Omega-3 Fatty Acids (g)

Baseline
Mid-Intervention
End-Intervention

Change

Trans Fatty Acids (g)

Baseline

Mid-Intervention

0.28
0.55
0.67
0.39

1.26
1.08

SD
1.08
0.85
0.77
1.12

0.13
0.25
0.39
0.34

0.05
0.09
0.17
0.16

0.20
0.31
0.54
0.51

0.35
0.62
1.06
0.95

0.73
0.79

Control
(LFD)

mean
1.52
1.15
1.32

-0.09

0.09
0.10
0.19
0.09

0.07
0.07
0.11
0.04

0.13
0.17
0.21
0.08

0.28
0.33
0.50
0.22

1.29
1.07

SD
1.16
0.59
0.78
1.23

0.14
0.13
0.47
0.37

0.05
0.06
0.21
0.18

0.20
0.24
0.48
0.37

0.36
0.41
1.16
0.91

0.77
0.86

Intervention
(MedDiet)
mean SD
1.76 0.99
1.69 0.99
1.67 0.74
-0.14 1.02
0.07 0.12
0.28 0.30
0.28 0.28
0.21 0.32
0.06 0.06
0.11 0.11
0.12 0.12
0.06 0.14
0.15 0.21
0.37 0.34
0.48 0.59
0.33 0.63
0.27 0.35
0.76 0.72
0.87 0.92
0.59 0.99
1.24 0.70
1.09 0.73

0.300
0.152
0.088
0.882

0.622
0.047*
0.008*

0.305

0.235
0.203
0.112
0.756

0.733
0.029%*
0.006*

0.139

0.870
0.037*
0.005%*

0.223

0.870
0.943

LFD

0.327

0.943

0.956

0.449

0.465

0.229

PC

0.286
0.309

0.777
0.925

0.777
0.906

0.246
0.756

0.679
0.586

0.984

Pb
MedDiet P

0.846 0.711
0.983

0.030* 0.005**
0.777

0.141 0.118
0.811

0.069 0.025
0.948

0.066 0.018
0.913

0.260
1.000
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Control Intervention

Total (LFD) (MedDiet) P
mean SD mean SD mean SD P LFD | MedDiet P
End-Intervention 0.90 0.57 0.90 0.63 0.91 0.51 0.587 0.260 0.368
Change -0.37 0.84 -0.40 0.82 -0.33 0.90 0.806
Micronutrients
Vitamin C (mg)
Baseline 118.33 140.03 137.58 170.75 95.02 89.32 0.658
Mid-Intervention 103.67 80.73 111.84 98.40 95.51 59.97 0.839 0.465 0.948 0.946 0.845
End-Intervention 102.19 84.21 107.29 91.70 96.24 76.73 0.945 0.463 0.983
Change -18.37 172.80 -34.59 207.53 0.56 123.98 0.534
Vitamin E (mg)
Baseline 13.27 7.42 12.90 7.23 13.72 7.81 0.677
Mid-Intervention 14.51 8.76 11.74 6.86 17.28 9.72 0.024* 0.662 0.586 0.092 0.102
End-Intervention 14.06 7.41 11.07 5.51 17.55 7.95 0.003* 0.586 0.711
Change 0.53 8.03 -2.08 9.18 3.56 5.19 0.027*
Tocopherol Alpha (mg)
Baseline 11.68 5.99 11.35 5.37 12.07 6.80 0.830
Mid-Intervention 12.64 7.74 9.81 5.61 15.48 8.66 0.008* 0.838 0.306 0.311 0.064
End-Intervention 12.07 6.23 9.81 4.98 14.70 6.62 0.007* 0.906 0.811
Change 0.17 6.13 -1.76 6.65 2.41 4.69 0.032*
Calcium (mg)
Baseline 849.04 406.33 838.60 359.60 861.68 466.60 0.990
Mid-Intervention 965.03 1277.43 1087.17 1794.04 842.89 330.87 0.214 0.025* 0.094 0.801 0.711
End-Intervention 707.70 307.95 645.57 253.57 780.18 354.97 0.148 0.619 0.711
Change -155.05 406.39 -205.13 326.44 -96.64 486.91 0.413

LFD, Low-Fat Diet; MedDiet, Mediterranean Diet; SD, Standard Deviation; ALA, alpha linoleic acid; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA,
docosahexaenoic acid. All data presented as mean + SD. * indicates significance (p <0.05), ** indicates significance (p <0.017). Change represents absolute change in
variable from baseline to end-intervention. P* p-values for comparing differences between participants in each diet group at the respective time point; independent samples
t-test for parametric data or Mann-Whitney U test for non-parametric data. P® p-values for comparing differences within each diet group from baseline to end intervention
time points; paired samples t-test for parametric data or Wilcoxon Signed Rank test for non-parametric data. P® p-values compares differences between baseline, mid-
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Control Intervention b
Total (LFD) (MedDiet) P
Pa

mean SD mean SD mean SD LFD P MedDiet P

intervention and end-intervention timepoints in the control (LFD) group and P¢ compares differences between baseline, mid-intervention and end-intervention timepoints
in the intervention (MedDiet) group; one-way repeated measures ANOVA tests were used for parametric data and Friedman tests were used as the non-parametric
alternative; post hoc testing was applied using Bonferroni correction (parametric test) or Wilcoxon Signed Rank Test (non-parametric test)(p <0.017).

Table 4.5. Mean food group intake at baseline, 6-week and 12-week timepoints in the overall cohort and within the LFD and MedDiet groups

Control Intervention

Total (LFD) (MedDiet) - P®
mean SD mean SD mean SD LFD P¢ MedDiet P
Grains
Baseline 6.93 3.07 6.14 2.92 7.89 3.04 0.075
Mid-Intervention 6.53 3.36 6.26 2.68 6.79 3.99 0.696 0.204 0.184 0.066 0.157
End-Intervention 5.87 3.71 5.58 3.46 6.20 4.06 0.626 0.124 0.306
Change -0.92 3.29 -0.25 3.48 -1.70 2.95 0.172
Wholegrains
Baseline 1.28 1.25 1.14 1.18 1.44 1.35 0.577
Mid-Intervention 2.16 1.53 1.98 1.45 2.35 1.62 0.628 0.299 0.055 0.154 0.035*
End-Intervention 2.00%* 1.83 2.16 2.13 1.82 1.43 0.728 0.309 0.157
Change 0.75 1.92 1.05 2.28 0.40 1.39 0.301
Refined Grains
Baseline 5.66 2.90 5.00 2.54 6.45 3.17 0.250
Mid-Intervention 4.36 3.34 4.28 2.63 4.45 4.00 0.696 0.790 0.811 0.012* 0.050*
End-Intervention 3.86* 3.67 3.42 3.08 4.38 4.29 0.686 0.246 0.811
Change -1.67 3.26 -1.30 3.27 -2.10 3.29 0.454
Vegetables
Baseline 3.78 2.61 4.20 2.92 3.27 2.14 0.257
Mid-Intervention 3.29 1.84 3.40 1.95 3.17 1.78 0.720 0.939 0.691 0911 0.665
End-Intervention 3.31 1.96 3.28 2.18 3.34 1.74 0.920 0.732 0.782
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Change

Dark Green Vegetables
Baseline
Mid-Intervention
End-Intervention
Change

Tomatoes (serve)
Baseline
Mid-Intervention
End-Intervention
Change

Fruit
Baseline
Mid-Intervention
End-Intervention
Change

Red Meats
Baseline
Mid-Intervention
End-Intervention
Change

Poultry
Baseline
Mid-Intervention
End-Intervention
Change

Seafood

mean
-0.50

0.57
0.26
0.40
-0.20

0.39
0.33
0.41
0.04

1.34

1.31

1.16
-0.17

0.79
0.95
0.50
-0.29

0.52
0.57
0.66
0.10

Total

SD
3.38

1.54
0.28
0.67
1.74

0.44
0.29
0.45
0.52

1.24
1.16
1.17
1.38

0.97
1.02
0.57
1.07

0.50
0.73
0.85
0.98

Control

(LFD)

mean
-0.88

0.64
0.25
0.36
-0.33

0.51
0.27
0.26
-0.21

1.60
1.54
1.32
-0.34

0.80
1.13
0.58
-0.19

0.51
0.74
0.65
0.10

SD
3.98

1.98
0.31
0.71
2.19

0.49
0.31
0.37
0.43

1.44
1.31
1.35
1.59

0.81
1.08
0.56
0.76

0.58
0.77
0.67
0.82

Intervention
(MedDiet)
mean SD
-0.05 2.54
0.48 0.78
0.26 0.26
0.45 0.63
-0.06 1.03
0.24 0.32
0.39 0.28
0.58 0.49
0.33 0.47
1.03 0.87
1.09 0.97
0.97 0.92
-0.03 1.11
0.77 1.16
0.78 0.95
0.40 0.57
-0.42 1.36
0.54 0.39
0.40 0.67
0.67 1.04
0.10 1.16

0.455

0.260
0.839
0.900
0.880

0.052
0.265
0.014*
0.050%*

0.289
0.501
0.646
0.413

0.617
0.406
0.192
0.507

0.454
0.203
0.728
0.982

LFD

0.881

0.021%*

0.252

0.223

0.362

PC

0.616
0.619

0.043
0.876

0.407
0.717

0.256
0.019*

0.381
0.535

Pb
MedDiet P

0.811

0.948 0.586
0.088

0.010* 0.023*

0.684 0.758
0.472

0.672 0.906
0.158

0.074 0.049
0.532
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High long chain omega-3

Legumes

Nuts

Dairy

Milk

Yoghurt

Baseline
Mid-Intervention
End-Intervention

Change

Baseline
Mid-Intervention
End-Intervention

Change

Baseline
Mid-Intervention
End-Intervention

Change

Baseline
Mid-Intervention
End-Intervention

Change

Baseline
Mid-Intervention
End-Intervention

Change

Baseline

Control Intervention

Total (LFD) (MedDiet) pe

mean SD mean SD mean SD

0.10 0.27 0.09 0.22 0.11 0.33 0.568
0.26 0.38 0.14 0.25 0.38 0.45 0.226
0.32* 0.54 0.21 0.55 0.44 0.50 0.035%
0.21 0.49 0.11 0.41 0.33 0.57 0.172
0.24 0.70 0.17 0.79 0.32 0.57 0.030*
0.38 0.66 0.38 0.76 0.38 0.57 0.864
0.24 0.49 0.25 0.57 0.23 0.40 0.835
-0.02 0.50 0.06 0.44 -0.11 0.57 0.297
0.69 1.20 0.54 0.98 0.87 1.44 0.41
0.72 1.08 0.41 0.59 1.04 1.35 0.017*
0.67* 1.02 0.36 0.51 1.03 1.32 0.156
-0.04 1.03 -0.18 1.07 0.12 0.99 0.376
1.66 1.11 1.60 0.96 1.72 1.29 0.870
1.99 4.32 2.58 6.06 1.40 1.02 0.815
1.25 0.75 1.20 0.70 1.30 0.81 0.686
-0.43 1.12 -0.42 0.85 -0.45 1.40 0.941
0.99 0.90 0.85 0.77 1.16 1.03 0.230
1.48 4.38 2.11 6.16 0.84 0.82 0.791
0.76 0.54 0.73 0.45 0.79 0.65 0.813
-0.25 0.96 -0.12 0.67 -0.39 1.22 0.395
0.17 0.40 0.23 0.49 0.10 0.22 0.488

LFD

0.349

0.159

0.189

0.327

0.521

0.784

PC

0.285
0.799

0.167
0.875

0.717
0.820

0.170
0.943

0.653
0.796

Pb

MedDiet

0.036*

0.574

0.074

0.678

0.412

0.066

Pd

0.055
0.625

0.583
0.182

0.124
0.795

0.267
0.446

0.381
0.744
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Control Intervention

Total (LFD) (MedDiet) pe P
mean SD mean SD mean SD LFD P MedDiet P4

Mid-Intervention 0.21 0.32 0.15 0.26 0.27 0.36 0.542 0.878 0.017%*
End-Intervention 0.19 0.26 0.15 0.23 0.24 0.30 0.443 0.767 0.678
Change 0.01 0.48 -0.10 0.56 0.13 0.33 0.133

Oil Equivalents
Baseline 8.82 5.70 8.22 4.79 9.54 6.70 0.686
Mid-Intervention 10.17 7.09 7.18 3.49 13.17 8.51 0.003* 0.662 0.711 0.030* 0.058
End-Intervention 10.23* 7.20 7.49 4.88 13.41 8.25 0.011* 0.586 0.811
Change 1.34 5.62 -0.61 6.19 3.61 3.93 0.041*

Solid fat Equivalents
Baseline 8.84 5.14 8.35 4.84 9.44 5.55 0.714
Mid-Intervention 7.19 4.40 7.42 5.12 6.97 3.69 0.988 0.465 0.231 0.411 0.145
End-Intervention 6.29 3.82 6.20 3.82 6.40 3.93 1.000 0.831 0.528
Change -2.65 5.08 -2.13 3.87 -3.25 6.28 0.500

Added Sugars
Baseline 8.85 8.68 7.57 7.28 10.40 10.10 0.283
Mid-Intervention 5.40 5.19 5.07 4.69 5.73 5.76 0.864 0.047* 0.039* 0.009* 0.028*
End-Intervention 4.72% 4.71 4.10 4.36 5.44 5.11 0.223 0.309 0.845
Change -4.46 6.07 -3.89 4.60 -5.12 7.53 0.323

Alcoholic Beverages
Baseline 0.15 0.48 0.14 0.31 0.15 0.63 0.34
Mid-Intervention 0.26 0.68 0.33 0.87 0.19 0.43 0.815 0.341 0.398 0.382 0.345
End-Intervention 0.22 0.52 0.29 0.52 0.14 0.51 0.349 0.866 0.499
Change 0.06 0.62 0.13 0.31 -0.02 0.86 0.454

LFD, Low-Fat Diet; MedDiet, Mediterranean Diet; SD, Standard Deviation. All data presented as mean + SD. * indicates significance (p <0.05), ** indicates significance
(p <0.017). Change represents absolute change in variable from baseline to end-intervention. P* p-values for comparing differences between participants in each diet group
at the respective time point; independent samples t-test for parametric data or Mann-Whitney U test for non-parametric data. P° p-values for comparing differences within
each diet group from baseline to end intervention time points; paired samples t-test for parametric data or Wilcoxon Signed Rank test for non-parametric data. P¢ p-values
compares differences between baseline, mid-intervention and end-intervention timepoints in the control (LFD) group and P¢ compares differences between baseline, mid-
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Control Intervention b
Total (LFD) (MedDiet) pa P

mean SD mean SD mean SD LFD P MedDiet P

intervention and end-intervention timepoints in the intervention (MedDiet) group; one-way repeated measures ANOVA tests were used for parametric data and Friedman
tests were used as the non-parametric alternative; post hoc testing was applied using Bonferroni correction (parametric test) or Wilcoxon Signed Rank Test (non-
parametric test)(p <0.017).
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4.7.7 Dietary intakes in the LFD and MedDiet study arms at end of

intervention (12-weeks) compared to prescribed dietary interventions

At 12-weeks, participants in the LFD arm were partially meeting the estimated Acceptable
Macronutrient Distribution Ranges (AMDR) related to reduced risk of chronic disease as outlined
in the Australian Guide to Healthy Eating.’>® Total energy intake from fat was slightly above the
recommended intake (actual 32.7 + 7.8% vs prescribed 30%), total energy intake from carbohydrate
was lower than the recommended intake (actual 41 + 8.0% vs prescribed 50%) and total energy

intake from protein met the recommended intake amount (actual 20.9 + 5.1% vs prescribed 20%).

Table 4.6 contains the nutrient composition of the Australian Mediterranean Diet which was
prescribed to study participants who were randomised to the MedDiet group (refer to section 2.7.1),
compared to the actual nutrient intake of the MedDiet group at 12-weeks. The MedDiet arm were
consuming almost 1MJ less in total energy intake (8.4 + 3.2MJ) than the prescribed amount (9.4MJ).
Participants were consuming a slightly more carbohydrate as a percentage of total energy (36.4 +
7.6%) than prescribed (33.8%), as well as a higher amount of protein as a percentage of total energy
(20 £ 4.2%) than the prescribed diet (15.8%). They were also consuming more SFA (10.8 £+ 3.3%E)
than the prescribed amount (8.9%E). Alternatively, participants were consuming slightly less added
sugar (4.6 = 3.7%E) and total fat (40.1 £ 7.0%E) than the prescribed diet plan (5.2%FE and 41.8%E,
respectively), as well as less MUFA (19 + 4.8%E) and PUFA (7.6 £ 2.4%E) than prescribed
(22.3%E and 10.6%E, respectively) and not meeting the recommended amount of fibre per day
(24.4 + 9.2g vs 41.1g). Actual intakes of linoleic acid, ALA and total LCN3s did not meet the
recommendations prescribed in the MedDiet intervention.

Table 4.6. Daily nutrient intake profile of the prescribed Mediterranean Diet and actual nutrient intake of
participants in the MedDiet arm of the MEDINA Study at 12-weeks.

Nutrients Australian Mesd'itels‘zrganean Daily intake of MedDiet study
Composition group
Energy (MJ) 9.4 8.4
Protein (%E) 15.8 20
CHO (%E) 33.8 36.4
Added sugar (%E) 5.2 4.6
Total fat (%E) 41.8 40.1
SFA (%E) 8.9 10.8
MUFA (%E) 223 19
PUFA (%E) 10.6 7.6
Alcohol (%E) 2.4 -
Fibre (g/d) 41.1 24.4
Linoleic acid n-6 (g) 18.7 14.4
?g;inolenic acid n-3 49 17
Total LCN3s (mg) 932 870

Abbreviations: MedDiet, Mediterranean Diet; CHO, carbohydrates; SFA, saturated fatty acids; MUFA,
monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; LCN3s, long chain omega 3 fatty acids.
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4.7.8 Correlations

Partial correlation was used to assess the linear relationship between inflammatory markers; hs-
CRP, TNF-a, IL-6, Adiponectin, Leptin and Resistin, and liver outcomes, HOMA-IR, biochemistry,
anthropometry and nutrient and food group intake in each diet group, after controlling for weight

(kg) change between baseline and end intervention.

Appendix 11; Supplementary Table S presents correlation coefficients between inflammatory
markers and other inflammatory markers at the end-intervention timepoint. hs-CRP was
significantly (p<0.05), moderately and positively correlated with circulating levels of resistin (r
=0.45). There were no significant associations between any other inflammatory cytokines or

adipokines.

4.7.8.1 Association between inflammatory markers and liver outcomes,

biochemical, anthropometry and body composition variables in each diet
group

Correlation coefficients for each inflammatory marker and measures of IHL, LSM, HOMA-IR,
biochemistry, anthropometry and body composition at end intervention in each diet group are
presented in Table 4.7. There were no significant associations between any of the inflammatory
markers and [HL or LSM in either diet group at end-intervention. In the LFD group, hs-CRP had a
significant (p<0.05) strong, positive correlation with NC (r =0.56) and moderate, positive
correlations with GGT and glucose (r =0.50 and 0.49, respectively). In the MedDiet group, hs-CRP
was significantly (p <0.05) strongly and positively correlated with HOMA-IR, fasting insulin and
FM (r=0.80, 0.73 and 0.63, respectively).

In the LFD group, TNF-a had a significant (p <0.05) strong, positive correlation with fasting insulin
(r=0.52) and a strong negative correlation with HDL, LDL and total cholesterol (r =0.63, 0.59 and
0.59, respectively). There were no significant correlations between TNF-a with biochemical,

anthropometric or body composition measures for the MedDiet arm.

IL-6 was significantly (p <0.05), moderately and positively correlated with GGT (r =0.47) in the
LFD group, and was significantly (p <0.05), strongly and positively correlated with AST and ALT
in the MedDiet group (r =0.60 and 0.55, respectively).

In the LFD group, adiponectin was a significantly (p <0.05), moderately and positively correlated
with HDL (r =0.45). In the MedDiet group, adiponectin was significantly (p <0.05), strongly and
positively correlated with HC, BMI, WC, FM, body weight and VF (r =0.85, 0.78, 0.70, 0.70, 0.65

and 0.52, respectively).
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In the LFD group, leptin was significantly (p <0.05), strongly and positively correlated with fasting
insulin and FM (r =0.55 and 0.55, respectively). In the MedDiet group, leptin was significantly (p
<0.05), strongly and positively correlated with HDL, HC and FM (r =0.61, 0.58 and 0.51,
respectively), while strongly and negatively associated with WHR (r =-0.53) and moderately,

negatively associated with glucose (r =-0.49).

In the LFD group, resistin was significantly (p <0.05), strongly and positively correlated with NC
(r=0.77), and strongly and negatively correlated with systolic and diastolic BP (r =-0.57 and -0.71,
respectively). In the MedDiet group, resistin was significantly (p <0.05), strongly and positively
correlated with HDL and GGT (r =0.57 and 0.53, respectively).

Table 4.7. Partial correlations between inflammatory markers with liver, biochemical, anthropometric and

body composition variables in each diet group at end intervention, values adjusted for mean weight-loss

Correlation Coefficients (adjusted for weight change)

hs- TNF-
Outcome IL-6 Adiponectin Leptin Resistin
CRP a

Liver outcomes and biochemistry

LFD 0.36 037  0.15 -0.11 0.25 0.05
IHL (%)

MedDiet  -0.20 0.03 -0.12 0.19 0.06 -0.29

LFD 0.41 0.14  0.39 -0.12 0.26 0.44
LSM (kPa)

MedDiet  0.43 -0.03  -0.08 0.44 -0.14 0.36

LFD 0.49" 032 029 -0.28 -0.01 0.24
Glucose (mmol/L) .

MedDiet  0.02 -0.03 -0.14 -0.30 -0.50 -0.14

LFD 0.32 0.52"  0.09 -0.30 0.55" 0.24
Insulin (mIU/L) .

MedDiet 0.73"  -0.28 -0.11 0.38 -0.27 0.46

LFD 0.42 0.48"  0.19 -0.37 0.38 0.26
HOMA-IR .

MedDiet 0.80"  -0.30 -0.18 0.34 -0.38 0.47

LFD 0.41 0.07 0.34 0.15 0.21 0.09
ALT (U/L) .

MedDiet  -0.36 0.00 0.55 -0.14 -0.09 0.03

LFD 0.36 0.31 0.35 0.11 0.05 -0.06
AST (U/L) .

MedDiet  -0.23 -0.10  0.60 -0.16 -0.16 0.15

LFD 0.50" -0.37 047 0.15 0.35 0.11
GGT (U/L) .

MedDiet  0.43 -0.41  0.27 0.20 -0.17 0.53

LFD -025  -0.58" -0.23 0.30 0.23 -0.31
Cholesterol (mmol/L)

MedDiet  0.17 -0.20 0.42 0.06 0.28 0.14

LFD -0.30  -0.63" 0.14 0.45" 0.15 -0.21
HDL (mmol/L)

MedDiet  0.54 -0.39  0.23 0.41 0.61" 0.57"

LFD -0.27  -0.59" -0.28 0.24 0.14 -0.33
LDL (mmol/L)

MedDiet  0.16 -0.11  0.34 0.02 0.26 0.10
Triglycerides (mmol/L) LFD 0.23 0.37  0.03 -0.04 0.27 0.08
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Correlation Coefficients (adjusted for weight change)

hs- TNF-
Outcome IL-6 Adiponectin Leptin Resistin
CRP a

MedDiet  -0.17 -0.24 048 -0.11 -0.13 -0.19
Anthropometry and body composition

LFD 0.37 024 0.12 -0.20 0.10 0.15
Weight (kg) -

MedDiet  0.07 025 -0.21 0.65 0.27 0.17

LFD 0.38 0.09 032 -0.13 0.29 -0.01
BMI (kg/m2)

MedDiet  0.41 0.11 -0.32 0.78" 0.41 0.27

LFD 0.33 022  0.18 -0.25 0.30 0.07
WC (cm) -

MedDiet  0.30 0.12 -0.24 0.70 0.40 0.21

LFD 0.14 030  0.06 -0.15 0.41 0.05
HC (cm) -

MedDiet  0.49 0.14 -0.29 0.85 0.58* 0.37

LFD 0.37 -032 033 -0.28 -0.16 0.01
WHR .

MedDiet -0.16 0.03 0.10 -0.32 -0.53 -0.21

LFD 0.56" 0.16  0.03 -0.28 -0.05 0.77"
NC (cm)

MedDiet  0.10 0.04 0.12 0.07 -0.23 0.22

LFD -0.05 0.01 0.26 0.32 0.55" -0.24
Fat mass (%) . - .

MedDiet  0.63 -0.19  -0.40 0.70 0.51 0.31

LFD 0.45 -0.15  0.19 -0.02 -0.04 0.12
Visceral Fat (1) -

MedDiet  -0.25 0.26  -0.06 0.52 0.39 0.05

LFD -0.49"  -0.17 -0.02 0.10 -0.11 -0.57"
Blood Pressure (Systolic)

MedDiet  -0.13 -0.06 -0.05 -0.11 -0.19 -0.27

LFD -0.39 -0.11  0.02 0.01 0.01 -0.71™
Blood Pressure (Diastolic)

MedDiet  0.12 0.01  -0.06 0.40 0.40 0.34

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-

tailed).

R-values presented; 0.10 - 0.29 weak, 0.30 - 0.49 moderate, 0.50 — 1.00 strong correlations.
hs-CRP, high-sensitivity C-reactive protein; TNF-a, tumor necrosis factor-alpha; IL-6, interleukin-6; THL,
Intrahepatic Lipid; LSM, Liver Stiffness Measure; BMI, body mass index; WC, waist circumference; HC,
hip circumference; WHR, wait-to-hip ratio; NC, neck circumference; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase; HOMA-IR,
Homeostatic Model Assessment of Insulin Resistance; HDL, high-density lipoprotein; LDL, low-density

lipoprotein.
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4.7.8.2 Association between inflammatory markers and nutrient and food group

intake

Correlation coefficients for each inflammatory marker associated with nutrient and food group

intake parameters at the end-intervention timepoint in each diet group are presented in Table 4.8.

In the LFD group, there were no significant correlations between hs-CRP, TNF-a, IL-6, adiponectin
or resistin with any of the nutrient or food group variables. In the LFD group, leptin was
significantly (p <0.05), strongly and positively associated with SFA (% total fat) (r =0.75) and
moderately and positively correlated with SFA (%E) (r =0.48). Leptin was also significantly (p
<0.05), strongly and negatively correlated with PUFA (% total fat), PUFA (%E) and oil equivalents
(r= -0.59, -0.51 and -0.54) and moderately and negatively associated with ALA, potassium,
magnesium, fruit, tocopherol alpha, vitamin E and energy (kJ) (r = -0.52, -0.49, -0.48, -0.48, -0.46,
-0.46 and -0.45).

In the MedDiet group, hs-CRP was significantly (p <0.05), strongly and positively correlated with
protein (%E) and serves of vegetables (r =0.57 and 0.56, respectively). In the MedDiet group, there
were significant (p <0.05), strong and positive correlations between TNF-a and tocopherol alpha,
PUFA (%E), linoleic acid, vitamin E, oil equivalents, MUFA (%E) and total fat (%E) (r = 0.60,
0.59, 0.57, 0.55, 0.52, 0.51 and 0.50). TNF-a was also significantly (p <0.05), moderately and
negatively correlated with saturated fat (% total fat) (r =-0.49). In the MedDiet arm, IL-6 was
significantly (p <0.05), strongly and positively correlated with added sugars (%E), added sugars
(serves), saturated fat (%E), saturated fat (% total fat), total sugars (%E) and serves of solid fat
equivalents (r =0.78, 0.78, 0.70, 0.68, 0.63 and 0.55) and moderately and positively correlated with
serves of milk (r =0.49). IL-6 was also significantly (p <0.01), strongly and negatively correlated
with MUFA (% total fat) in the MedDiet group (r =-0.62). In the MedDiet group, adiponectin was
significantly (p <0.05), moderately and negatively associated with serves of refined grains (r =-
0.48). Leptin was significantly (p <0.01), strongly and positively correlated with total sugars (%FE)
(r =0.70) in the MedDiet group, and strongly and negatively correlated with grains, refined grains,
EPA, DPA, DHA and serves of seafood high in long chain omega-3 fatty acids (r =-0.50, -0.56, -
0.55, -0.52, -0.50 and -0.53). There were no significant correlations between resistin with any
nutrient or food group variables for the MedDiet group. Correlations were conducted for additional
nutrient and food group intake variables (e.g. fibre, calcium, iron, zinc, whole grains, vegetables
and red meat), though they did not demonstrate a significant relationship therefore the data is not

shown within these results.
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Table 4.8. Partial correlations between inflammatory markers with nutrient and food group intake in each diet
group at end intervention, values adjusted for mean weight-loss

Correlation Coefficients (adjusted for weight change)

hs-CRP TNF-o0 IL-6 Adiponectin Leptin Resistin

Nutrients

LFD -0.41 -0.05 -0.18 -0.22 -0.45" -0.10
Energy (kJ)

MedDiet -0.40 0.39 -0.04 -0.37 -0.40 -0.16

LFD 0.46 0.07 0.31 0.20 0.10 0.04
Protein (%E) .

MedDiet 0.57 -0.12 -0.37 0.30 -0.25 0.10

LFD -0.05 0.08 0.00 -0.07 -0.13 0.11
Carbohydrate (%E)

MedDiet -0.43 -0.33 0.29 -0.39 0.07 -0.12

LFD 0.00 0.09 -0.05 -0.42 -0.07 0.04
Sugars (%E) - -

MedDiet -0.06 -0.19 0.63 0.06 0.70 0.24

LFD -0.22 -0.10 -0.02 -0.23 -0.11 -0.13
Added Sugars (%E) -

MedDiet -0.30 -0.11 0.78 -0.05 0.31 0.14

LFD -0.39 -0.03 -0.32 -0.06 0.08 -0.08
Total fat (%E) .

MedDiet 0.02 0.50 -0.02 0.20 0.02 0.03
Saturated fat LFD 0.33 0.13 0.29 0.30 0.75™ 0.21
(% of total fat) MedDiet 0.12 -0.49"  0.68" 0.14 0.24 0.25

LFD -0.20 0.00 -0.14 0.12 0.48" 0.02
Saturated fat (%E) -

MedDiet 0.07 -0.15 0.70 0.24 0.24 0.21
Mono-unsaturated fat LFD -0.18 -0.12 -0.18 -0.04 -0.44 -0.02
(% of total fat) MedDiet -0.02 0.34 -0.62™ -0.20 -0.22 -0.23

LFD -0.39 -0.03 -0.34 -0.08 -0.11 -0.05
Mono-unsaturated fat (%E) .

MedDiet -0.01 0.51 -0.36 -0.01 -0.12 -0.12
Poly-unsaturated fat LFD -0.27 -0.07  -0.22 -0.33 -0.59"  -0.23
(% of total fat) MedDiet -0.20 0.41 -0.35 0.04 -0.11 -0.11

LFD -0.45 0.00 -0.32 -0.31 -0.51" -0.16
Poly-unsaturated fat (%E) .

MedDiet -0.17 0.59 -0.29 0.14 -0.04 -0.05

LFD -0.36 -0.14 -0.15 -0.29 -0.44 -0.14
Linoleic Acid -

MedDiet -0.31 0.57 -0.22 -0.14 -0.26 -0.08

LFD -0.28 0.10 -0.15 -0.33 -0.52" -0.16
ALA

MedDiet -0.18 0.40 -0.21 -0.10 -0.06 0.10

LFD -0.09 0.38 -0.14 0.10 -0.29 -0.11
EPA

MedDiet -0.09 0.03 0.06 0.04 -0.55" 0.10

LFD -0.08 0.40 -0.14 0.09 -0.29 -0.10
DPA

MedDiet 0.27 -0.17 -0.05 0.13 -0.52" 0.12

LFD -0.09 0.40 -0.11 0.12 -0.29 -0.10
DHA .

MedDiet -0.29 0.03 0.19 -0.21 -0.50 -0.17
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Correlation Coefficients (adjusted for weight change)

hs-CRP TNF-o IL-6 Adiponectin Leptin Resistin

Very Long Chain LFD -0.09 0.39 -0.13 0.11 -0.29 -0.10
Omega-3 FAs MedDiet -0.19 0.00 0.13 -0.11 -0.56" -0.06
LFD -0.32 0.02 -0.17 -0.17 -0.46" -0.16
Vitamin E
MedDiet -0.29 0.55" -0.19 -0.23 -0.25 -0.05
LFD -0.30 0.06 -0.15 -0.17 -0.46" -0.14
Tocopherol Alpha
MedDiet -0.29 0.60" -0.32 -0.20 -0.28 -0.11
LFD -0.29 0.02 -0.10 -0.14 -0.49" -0.12
Potassium
MedDiet -0.36 0.36 -0.12 -0.30 -0.28 -0.21
LFD -0.37 0.00 -0.09 -0.18 -0.48" -0.08
Magnesium
MedDiet -0.23 0.37 -0.18 -0.15 -0.18 0.06
Food Groups
LFD -0.21 0.00 -0.04 0.02 -0.34 -0.07
Grains ; "
MedDiet -0.41 0.21 -0.19 -0.45 -0.50 -0.20
LFD -0.02 0.15 -0.06 -0.11 -0.21 0.09
Refined Grains X " P
MedDiet -0.41 0.32 -0.11 -0.48 -0.56 -0.14
LFD -0.20 0.05 -0.10 -0.28 -0.18 -0.20
Vegetables : "
MedDiet  -0.56 0.46 -0.02 -0.25 -0.16 -0.42
LFD -0.35 -0.07 -0.29 -0.27 -0.48" -0.01
Fruit -
MedDiet 0.19 0.07 -0.11 -0.06 0.12 0.37
LFD -0.09 0.40 -0.12 0.12 -0.29 -0.12
Seafood (High LCN3) - "
MedDiet -0.28 -0.08 0.27 -0.22 -0.53 0.00
Milk LFD 0.14 0.49" 0.38 0.06 -0.04 0.06
i
MedDiet -0.03 -0.34 0.49" -0.20 0.11 -0.12
LFD -0.43 -0.04 -0.20 -0.19 -0.54" -0.24
Oil equivalents ) "
MedDiet -0.30 0.52 -0.33 -0.27 -0.39 -0.21
LFD -0.26 -0.09 -0.17 -0.20 0.04 0.08
Solid fat equivalents - .
MedDiet -0.05 -0.03 0.55 -0.04 0.03 0.17
LFD -0.22 -0.10 -0.02 -0.23 -0.11 -0.13
Added sugars (serve) : "
MedDiet -0.30 -0.11 0.78 -0.05 0.31 0.14

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
R-values presented; 0.10 - 0.29 weak, 0.30 - 0.49 moderate, 0.50 — 1.00 strong correlations. hs-CRP, high-
sensitivity C-reactive protein; TNF-a, tumor necrosis factor-alpha; IL-6, interleukin-6; ALA, Alpha Linolenic
Acid; EPA, Eicosapentaenoic Acid; DPA, Docosapentaenoic Acid; DHA, Docosahexaenoic Acid; FAs, Fatty
Acids; CHO, carbohydrate; LFD, Low-Fat Diet; MedDiet, Mediterranean Diet; LCN3, long chain omega-3 fatty
acids.
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4.7.9 Diet Quality

4.7.9.1 Adherence to the Low-Fat Diet vs. adherence to the Mediterranean Diet —
the PREDIMED Score

A validated, 14-item PREDIMED checklist was used to assess adherence to a MedDiet. In this
section the results of MedDiet adherence obtained using this checklist within the MedDiet group
are reported from baseline to end-intervention. Adherence to a MedDiet significantly increased

from pre- to post-intervention (6.47 + 1.98 to0 9.17 + 1.89, p =0.001) in the MedDiet group.

A separate 9-item checklist was developed by the PREDIMED study group to assess adherence to
a LFD. In this section results of adherence to a LFD in the LFD group, at baseline and end-
intervention timepoints, is reported. Adherence to a LFD increased from pre- to post-intervention,
albeit not significantly (5.39 +£2.04 to 6.35 £2.25, p=0.081) in the LFD group. Figure 4.2 presents

the results of overall adherence to each respective diet.

PREDIMED Score within groups

14
12

10

PREDIMED Score

Baseline End-Int Baseline End-Int

Low-Fat Diet Mediterranean Diet

Diet Group

Figure 4.2. PREDIMED Checklist Scores for adherence to a LFD and adherence to a MedDiet,

at baseline and end intervention time points
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4.7.9.2 Adherence to a Mediterranean Diet in the LFD and MedDiet group — the
PREDIMED Score

Due to the overlap in dietary recommendations between both dietary intervention arms; the
validated, 14-item PREDIMED score used to assess MedDiet adherence was assessed in both diet
groups. Adherence to a MedDiet pattern using PREDIMED scores within each diet arm, from pre-
to post-intervention, and then split into components of each checklist at pre- to post-intervention,

are presented in Figures 4.3, 4.4, and 4.5, respectively.

Upon assessing MedDiet adherence in the LFD group, it was shown that participants significantly
increased their PREDIMED scores from baseline to end-intervention (5.0 £ 1.8 to 6.4 + 1.6, p
<0.05). In the LFD group, there was a significant increase in compliance for one diet component;
preferentially choosing white meat over veal, pork, hamburger or sausage (pre-intervention
compliance was 50% of participants, post-intervention compliance was 86% of participants, p
<0.05). Other diet components increased non-significantly, including; choosing EVOO as main
culinary fat (23% to 33%, p >0.05), consumption of >2 serves vegetables per day (59% to 76%, p
>0.05), consumption of <1 serve dairy fat per day (50% to 71%, p >0.05) and >1 serve nuts per day
(32% to 57%, p >0.05). These changes were reflective of the overall cohort change.

As reported above, the MedDiet group significantly increased their PREDIMED scores from
baseline to end-intervention (6.47 + 1.98 to 9.17 £ 1.89, p = 0.0005). Individual components of the
checklist that significantly increased were: choosing EVOO as the main culinary fat (63% of
participants complying at baseline to 100% compliance at end-intervention, p <0.05), consuming
>4 tablespoons per day of EVOO (16% of participants complying at baseline to 44% compliance at
end-intervention, p <0.05), consumption of >3 serves fish per week (21% of participants complying
at baseline to 83% complying at end intervention, p <0.05), <3 serves of sweets per week (79% of
participants complying at baseline to 56% compliance at end-intervention, p <0.05), preferentially
choosing white meat (58% of participants complying at baseline to 89% compliance at end-
intervention, p <0.05) and consumption of >2 serves per week food prepared using sofrito methods
(32% of participants complying at baseline to 59% compliance at end-intervention, p <0.05). The
number of individual dietary component/recommendation improvements in the MedDiet group

were greater than the changes seen in the LFD and overall study group.
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PREDIMED (MedDiet) Scores within groups

* '

Baseline End-Int Baseline End-Int
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Figure 4.3. PREDIMED Scores for adherence to a Mediterranean Diet within the LFD and MedDiet groups

at baseline and end-intervention

PREDIMED Checklist, Mediterranean Diet adherence in the
Low-Fat Diet group
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Figure 4.4. Individual components of the PREDIMED Checklist for Mediterranean Diet adherence in the
LFD group at baseline and end-intervention
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PREDIMED Checklist, Mediterranean Diet adherence in the
Mediterranean Diet group
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Figure 4.5. Individual components of the PREDIMED Checklist for Mediterranean Diet adherence in the
MedDiet group at baseline and end-intervention.

4.7.9.3 The overall cohort’s compliance to a Mediterranean Diet — The

PREDIMED Score

In the total cohort (n=42), MedDiet adherence scores increased significantly from baseline to end-
intervention (5.64 + 2.02 to 7.67 = 2.23, p =0.0005). These results are displayed in Figure 4.6.

Components of the checklist that significantly increased from baseline to end-intervention for the
pooled/entire cohort include; choosing EVOO as the main culinary fat (41% to 64%., p =0.011),
consuming >4 tablespoons per day of EVOO (12% to 26%, p =0.032), consumption of >2 serves
vegetables per day (51% to 72%, p =0.031), consumption of <1 serve dairy fat per day (58% to
79%. p =0.044), consumption of >3 serves fish per week (27% to 59%. p =0.001), consumption of
=1 serve nuts per day (51% to 72%. p =0.044) and preferentially choosing white meat over veal,
pork, hamburger or sausage (54% to 87%, p =0.001). These results are displayed in Figure 4.7.

214



Overall cohort (n=39) PREDIMED Scores

14
12

10

PREDIMED Score

Baseline End-Int

Figure 4.6. PREDIMED Scores of Mediterranean Diet adherence for the entire cohort of MEDINA

participants at baseline and end-intervention

Overall cohort compliance to the Mediterranean Diet,
using the PREDIMED Score
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Figure 4.7. Individual components of the PREDIMED Checklist for Mediterranean Diet adherence in the
overall NAFLD cohort at baseline and end-intervention.

4.7.10 Diet Quality in a NAFLD cohort — pooled analysis
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Given that adherence to a MedDiet significantly improved in both of the dietary intervention groups,
data for the entire MEDINA cohort was pooled to evaluate the difference in primary outcomes for
participants who were more adherent to a MedDiet versus patients who were less adherent to a
MedDiet (based on PREDIMED scores). From the PREDIMED checklist, key nutrients and food
groups known to contribute to beneficial effects of a MedDiet were isolated and associations
between these components and the primary outcomes of this study (inflammatory markers) were
determined (Table 4.10). Where significant associations existed, further (regression) analyses were
conducted to determine the predictive potential of those variables on inflammatory markers
following an overall improvement to diet quality. The aim of this analysis was to determine if there
was an association between inflammatory markers, liver outcomes and IR with intake of key

nutrient and food group components of a Mediterranean diet.

4.7.10.1 Difference in inflammatory markers, liver fat and stiffness measures, IR
and anthropometry between higher and lower levels of adherence to a

MedDiet (in the pooled cohort)

In order to explore the impact of a potential improvement in diet quality on inflammatory markers
and key liver, metabolic and anthropometric measures for the entire MEDINA cohort, MedDiet
(PREDIMED) scores were derived for the entire cohort and divided into lower versus higher
MedDiet adherence (as displayed in Table 4.9). MedDiet adherence scores were split above and
below the mean score of 7.66; below 7.65 was classified as low to moderate adherence to the

MedDiet pattern and above 7.66 was classified as moderate to high adherence.

At the end-intervention timepoint (12 weeks), 18 participants were classified as having a low to
moderate level of adherence to a MedDiet and 21 participants were classified as having a moderate
to high level of adherence. As expected, (due to dietary prescriptions) within the lower dietary
adherence group, 15 participants were in the LFD arm and three were in the MedDiet arm. Of those
in the higher dietary adherence group, 15 participants were in the MedDiet arm and six were in the

LFD arm.

As expected, the mean MedDiet score of the higher adherence group was significantly greater than
the lower adherence group (9.3 £ 1.5 vs 5.7 £ 1.0, p =0.0005). The mean change in MedDiet score
from baseline to end intervention was also significantly higher in the higher adherence group
compared to lower adherence (+3.0 = 1.8 vs +0.9 £ 1.8, p =0.001). At end-intervention circulating
levels of inflammatory markers hs-CRP and leptin were significantly lower in individuals within
the high adherence group compared to the low adherence group (1.7 + 1.2mg/L vs 4.4 £ 2.7mg/L,
p =0.002, and 11.2 £ 9.7ng/mL vs 20.1 £ 12.5ng/mL, p =0.017, respectively). While this trend was
also seen for TNF-a and resistin, the difference between mean values for each group did not reach

statistical significance (p >0.05).
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IHL Ievels and LSM were lower in those with a higher MedDiet adherence, albeit not significantly
(p >0.05). HOMA-IR was significantly lower in participants in the high MedDiet adherence group
compared to the low MedDiet adherence group (3.2 = 1.4 vs 6.6 = 5.8, p =0.026), as were levels of
fasting glucose (5.7 = 1.2mmol/L vs 7.0 = 2.5mmol/L, p =0.042) and insulin (12.8 £ 6.0mIU/L vs
19.7 + 12.4mIU/L, p =0.043). There were no statistically significant differences in anthropometric
or body composition measures; weight, BMI, FM or VF between levels of dietary adherence to a

MedDiet.

Table 4.9. Mean values of inflammatory markers and key liver, metabolic and anthropometric measures for
the entire MEDINA cohort at end-intervention, according to level of adherence to a MedDiet (PREDIMED
scores)

Adherence to a MedDiet (based on PREDIMED Scores)

Lower Adherence Higher Adherence
(4.00 - 7.65) (7.66 — 14.00)
n=18 n=21
LFD 15/MD 3 LFD 6 /MD 15
T2DM 9 / Non-T2DM 9 T2DM 6 / Non-T2DM 15

mean SD mean SD p-value
PREDIMED Score 5.72 1.02 9.33 1.49 <0.001*
Change in MedDiet
Score (From baseline to 0.94 1.83 2.95 1.80 0.001*
EI)
hs-CRP (mg/L) 4.37 2.68 1.72 1.24 0.002*
TNF-a (pg/mL) 4.85 2.19 3.87 1.68 0.120
IL-6 (pg/mL) 10.68 14.57 16.45 24.08 0.381
Adiponectin (ng/mL) 18.62 21.42 18.14 13.77 0.933
Leptin (ng/mL) 20.07 12.45 11.19 9.74 0.017*
Resistin (ng/mL) 42.90 23.32 36.46 12.42 0.279
IHL (%) 12.73 12.55 8.79 8.52 0.306
LSM (kPa) 10.80 8.83 8.09 7.74 0.327
Glucose (mmol/L) 6.96 245 5.68 1.20 0.042*
Insulin (mIU/L) 19.67 12.41 12.81 6.00 0.043*
HOMA-IR 6.58 5.82 3.18 1.44 0.026*
Weight (kg) 87.03 18.65 87.71 21.92 0.918
BMI (kg/m?) 31.83 5.21 31.30 5.21 0.755
Fat Mass (%) 40.59 6.98 37.42 8.13 0.203
Visceral Fat (L) 1.50 0.61 1.77 1.35 0.434

Abbreviations: MedDiet or MD, Mediterranean Diet; LFD, Low-Fat Diet; SD, standard deviation; EI, end-
intervention; hs-CRP, high sensitivity C-reactive protein; TNF-a, tumor necrosis factor-alpha; IL-6,
interleukin-6; IHL, intrahepatic lipid content; LSM, liver stiffness measure; HOMA-IR, homeostatic model
assessment of insulin resistance; BMI, body mass index. P-values compare differences between participants
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in lower versus higher adherence groups; independent samples t-test for parametric data or Mann-Whitney
U test for non-parametric data. * indicates significance (p <0.05).

4.7.10.2 Correlations between key nutrients and food groups known to contribute
to the beneficial effects of a MedDiet and inflammatory markers (in the

pooled cohort)

Given that diet quality improved in the overall MEDINA cohort from pre- to post-intervention
(irrespective of assigned diet), a correlational analysis was undertaken to assess the linear
association between food and nutrient components of a MedDiet pattern (isolated dietary intake
components of the PREDIMED checklist) with circulating inflammatory markers. The aim of this
analysis was to determine if associations exist between inflammatory markers and key nutrient and
food group components of a Mediterranean-style dietary pattern. Partial correlation was used to
assess this relationship and each model controlled for the baseline value of the corresponding

inflammatory marker; all results are reported in Table 4.10.

hs-CRP was significantly (p <0.01), moderately and positively correlated with consumption of
protein and alcohol (r=0.50 and 0.48, respectively). There were also significant (p <0.05), moderate
and negative correlations observed between hs-CRP with energy (kJ) intake, PREDIMED MedDiet
score, PUFA and linoleic acid (r =-0.44, -0.39, -0.38 and -0.37, respectively).

IL-6 was significantly (p <0.05), moderately and positively correlated with consumption of added
sugars and SFA (r =0.49 and 0.36) and moderately and negatively associated with intake of red
meat (r =-0.36).

Leptin had a significant (p <0.05), moderate and positive correlation with SFA (r =0.37) and was
negatively and moderately correlated with energy (kJ) intake, very long chain n-3 FAs, high long
chain omega-3 (LCN3) seafood serves, ALA, linoleic acid and the PREDIMED MedDiet score (r
=-0.43, -0.34, -0.38, -0.38, -0.35, -0.35 and -0.34).

There were no significant correlations observed between TNF-q, adiponectin or resistin with key

nutrient and food group criteria of a MedDiet pattern.
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Table 4.10. Partial correlations between inflammatory markers with nutrients and food groups in a
Mediterranean-style dietary pattern (isolated dietary intake components of the PREDIMED checklist), with values
adjusted for baseline inflammatory marker

Correlation coefficient
(Controlling for baseline value of inflammatory marker)

hs-CRP  TNF-a IL-6 Adiponectin  Leptin  Resistin

PREDIMED MedDiet Score -0.39" -0.13 -0.07 0.04 -0.34" -0.01
Energy (kJ) -0.44" 0.11 -0.08 -0.23 -0.43™ -0.09
Protein (%E) 0.50™ -0.01 -0.09 0.24 -0.01 0.06
Carbohydrate (%E) -0.10 -0.08 0.08 -0.14 -0.03 0.04

Added sugars (%E) -0.28 -0.11 0.49™ -0.15 0.06 -0.01
Total fat (%E) -0.32 0.13 -0.03 -0.01 0.02 -0.04
Saturated fat (%E) -0.12 -0.03 0.36" 0.11 0.37" 0.06
Monounsaturated fat (%E) -0.30 0.16 -0.18 -0.06 -0.13 -0.06
Polyunsaturated fat (%E) -0.38" 0.21 -0.21 -0.08 -0.30 -0.07
Dietary fibre (g) -0.31 0.05 -0.20 -0.16 -0.31 -0.10
Alcoholic drinks (serve) 0.29 -0.19 0.00 -0.09 -0.18 -0.15

Alcohol (%E) 0.48™ -0.18 0.09 -0.05 -0.05 -0.11
Caffeine (mg) 0.05 0.13 0.11 -0.07 0.17 -0.15
Wholegrains (serve) -0.19 -0.22 -0.08 0.15 -0.12 -0.22
Linoleic acid (g) -0.37" 0.16 -0.15 -0.17 -0.35" -0.07
ALA (g) -0.30 0.17 -0.16 -0.19 -0.35" -0.02
VLC n-3 FA (g) -0.18 0.17 0.00 0.09 -0.38" -0.03
Vegetables (serve) -0.27 0.19 -0.06 -0.25 -0.17 -0.26
gi‘g‘e;;ree“ Vegetables 0.24 0.10 0.06 -0.30 021 -0.06
Tomatoes (serve) -0.18 -0.21 0.09 -0.03 -0.28 0.04
Legumes (serve) -0.26 -0.05 -0.13 -0.17 0.05 0.09
Red meats (serve) 0.04 -0.05 0.36" -0.05 -0.10 0.00
Poultry (serve) 0.13 0.08 -0.12 -0.11 -0.18 -0.07
Seafood High LCN3 (serve) -0.22 0.12 0.07 0.06 -0.38" -0.01
Nuts (serve) -0.22 0.12 -0.09 -0.03 -0.10 0.04
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4.7.11 Regression analysis: Components of a MedDiet pattern with

inflammatory markers

The nutrients and food groups of a MedDiet that were significantly (p <0.05) correlated with end-
intervention inflammatory measures were assessed for their ability to predict inflammatory markers
using hierarchical multiple (linear) regression analysis. Participant age, sex, diabetes status, diet
group allocation, baseline body weight and the pre-intervent