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Abstract: The Mediterranean diet (MedDiet) is recognised to reduce risk of coronary heart disease 18 
(CHD), in part, via its anti-inflammatory properties. Diet efficacy via this mechanism is however 19 
unclear in patients with diagnosed CHD. This study aimed to determine the effect of MedDiet 20 
versus low-fat diet intervention on inflammatory biomarkers and adiposity in a pilot cohort of 21 
Australian patients post coronary event. Participants (62±9 years, 83% male) were randomised to 22 
the MedDiet (n=34) or low-fat diet (n=31). At 0-, 3- and 6-months, dietary counselling, 23 
anthropometry, body composition (Dual-energy X-ray Absorptiometry) and venepuncture was 24 
conducted. Participants adhered well to the MedDiet intervention, however, there were no 25 
significant changes in body composition or inflammatory biomarkers hs-C-reactive protein or hs-26 
interleukin-6 in the MedDiet compared to the low-fat diet group after 6-months. Adiponectin, an 27 
anti-inflammatory adipokine, tended to increase in response to the MedDiet (+1.1±4.2ng/mL, p=0.11) 28 
and decrease in response to the low-fat diet (-0.9±3.3ng/mL, p=0.20). In the pooled cohort, 29 
participants with greatest improvement in MedDiet adherence score had significantly lower waist 30 
circumference and subcutaneous fat levels at 6-months. A clinically significant effect of the MedDiet 31 
on inflammation and adiposity in CHD patients may require a larger sample, adjunct exercise 32 
intervention and/or caloric restriction. 33 

Keywords: Inflammation; coronary disease; Mediterranean diet; Low-fat diet; C-reactive protein; 34 
adiponectin; visceral fat; body composition.  35 

 36 

1. Introduction 37 
The Mediterranean diet (MedDiet) pattern has a strong scientific evidence base for reducing risk 38 

of coronary heart disease (CHD) and adverse cardiovascular disease (CVD) events in both a primary 39 
and secondary prevention setting [1,2]. Of note, most studies investigating the MedDiet have been 40 
conducted in Mediterranean countries. There is limited evidence that a similar beneficial effect on 41 
CHD risk factors and CVD outcomes will occur in non-Mediterranean populations, which explains 42 
the reluctance to recommend and endorse the MedDiet for CHD in the multi-ethnic Australian setting 43 
[3]. A low-fat diet was the standard care recommendation for prevention and treatment of CHD in 44 
Australia for many years [4]. However, there is a lack of evidence supporting the effect of a low-fat 45 
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diet on cardiovascular events and mortality [2,5,6]. A recent position statement from the National 46 
Heart Foundation of Australia promotes a variety of healthy dietary patterns, rather than focusing 47 
on isolated nutrients, for cardiovascular health [7]. 48 

Atherosclerosis is the underlying pathology responsible for CHD. Derangements in lipid levels, 49 
blood pressure and insulin homeostasis each lead to endothelial dysfunction, which plays a pivotal 50 
role in initiating the atherosclerotic process [8]. A number of studies have demonstrated that the 51 
MedDiet improves traditional CVD risk factors, including improvements in triglycerides and high-52 
density lipoprotein (HDL) cholesterol, blood pressure, glucose metabolism and reduced risk of type 53 
2 diabetes mellitus (T2DM) [9-16]. These studies were conducted in patients at risk of, but without, 54 
established CHD. In CHD, especially in those who have suffered acute coronary syndrome (ACS), 55 
pharmacotherapy is used to achieve recommended lipid, glucose and blood pressure targets [17], 56 
hence the possibility to attain additional impact of diet on these risk factors may not be observed in 57 
these patients. In fact, the limited published data on the impact of MedDiet on secondary prevention 58 
of ACS demonstrated that the diet appears to be operating independently of traditional CVD risk 59 
factors [1].   60 

Atherosclerosis is recognised to be an inflammatory condition, which is related to both the 61 
chronic development of plaque and its acute rupture [18]. Recognised biomarkers of chronic low-62 
grade inflammation which are associated with increased risk of CHD include C-reactive protein 63 
(CRP) and interleukin-6 (IL-6) [19-23]. In addition, obesity, especially increased visceral fat, is causally 64 
linked to chronic low-grade inflammation [24,25]. In an obese state, adipose tissue generates pro-65 
inflammatory adipokines, including IL-6, whereas anti-inflammatory adipokines, including 66 
adiponectin, are down-regulated [26]. High serum concentrations of adiponectin are associated with 67 
decreased risk of CHD [23,27].  68 

To better understand how dietary interventions moderate CHD risk, it is important to ascertain 69 
their effect on inflammation and adiposity in addition to classic cardiometabolic risk markers. Meta-70 
analyses of randomised controlled trials (RCTs) have concluded that intervention with the MedDiet 71 
improves inflammatory markers [28,29]. However, a recent systematic review of the literature 72 
established that in patients with diagnosed CHD an anti-inflammatory effect of MedDiet was unclear, 73 
and there were no studies investigating MedDiet effects on adiponectin [30]. There is evidence to 74 
show that the MedDiet leads to modest weight loss [31], and a recent review of intervention trials 75 
demonstrated that the MedDiet can reduce central obesity; however, most studies measured waist 76 
circumference without distinguishing visceral fat and included patients without CHD [32]. Despite 77 
evidence for the protective effect of the MedDiet on weight and adiposity, there remains concern that 78 
this type of diet, which is high in healthy dietary fats, causes body weight and fat gain [33]. Therefore, 79 
the aim of this study was to determine the effect of ad libitum MedDiet versus low-fat diet intervention 80 
on cardiometabolic risk markers, including inflammatory markers and adiposity, in Australian 81 
patients who have experienced an ACS event.  82 

2. Materials and Methods  83 

2.1 Study Design 84 
The AUStralian MEDiterranean Diet Heart Trial (AUSMED Heart Trial) is a multi-centre, 85 

parallel design, randomised controlled trial (RCT) for the secondary prevention of CHD in a multi-86 
ethnic Australian population (Australia and New Zealand Clinical Trials Register: 87 
ACTRN12616000156482, http://www.anzctr.org.au/). The broader trial involves 6-month MedDiet 88 
versus low-fat diet intervention in patients who have experienced a first ACS event, with 12-month 89 
follow up to assess the primary outcome of aggregate secondary cardiovascular events [34]. The 90 
present study investigated the effect of the two diets on cardiometabolic risk markers in a pilot cohort 91 
of participants after 6-months intervention. 92 

 93 
 94 
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2.2 Recruitment of CHD Patients 95 

Patients for this pilot study were recruited by trained researchers from two teaching hospitals in 96 
Melbourne, Australia from October 2014 to November 2016. Eligible patients were adults with CHD, 97 
able to read and write in English and who had experienced ACS defined as at least one of the 98 
following: acute myocardial infarction (AMI); angina pectoris with documented coronary artery 99 
disease on imaging; coronary artery bypass grafting; or percutaneous coronary intervention. 100 
Exclusion criteria included: malignant tumour, symptomatic chronic heart failure (New York Heart 101 
Association Functional Classification II, III & IV [35]), chronic inflammatory disease requiring anti-102 
inflammatory or immuno-modulating medications, chronic kidney disease stage 3 or above [36], 103 
decompensated liver disease, pregnancy or breastfeeding, or current participation in a lifestyle 104 
program (including cardiac rehabilitation), drug or supplement trial. The study was conducted in 105 
accordance with the Declaration of Helsinki [37] and the CONSORT guidelines [38]. All procedures 106 
involving patients were approved by the Human Research Ethics Committees of the Northern 107 
Hospital (HREC/16/Austin/500), St Vincent’s Hospital Melbourne (HREC-A; 016/13), and La Trobe 108 
University (#FHEC13/159), with written informed consent obtained from all enrolled participants 109 
before randomisation. 110 

2.3 Randomisation of Participants and Diet Interventions 111 
Participants attended a pre-baseline appointment where consent was obtained and 112 

randomisation was conducted by trained researchers. Enrolled participants were randomly assigned 113 
in a 1:1 ratio to the MedDiet group or the low-fat diet group. Randomisation tables were developed 114 
by the trial statistician using a computer-generated stratified approach based on sex (male/female), 115 
age (<55, 55 to 65 and >65 years) and history of AMI (yes/no). Consultation frequency and data 116 
collection time points were consistent across the two groups. Baseline, 3- and 6-month face-to-face 117 
appointments were conducted to obtain dietary data and for counselling with the dietitian. Five short 118 
phone reviews for follow-up dietary counselling with the dietitian also occurred across the 6-months, 119 
at weeks 3, 6, and 9 and months 4 and 5. All participants continued to receive standard medical care 120 
provided at their respective hospital or primary care settings and their access to outside health 121 
services during the study intervention period was recorded at each appointment.  122 

We have published the detail on the diet interventions elsewhere [39]. For both study groups the 123 
dietary advice was tailored to each individual through patient-centred counselling and goal setting 124 
with the dietitian [40,41]. An active control group receiving the standard (low-fat) diet 125 
recommendations for cardiac patients was used in this study, as standard care received by CHD 126 
patients is highly variable. Furthermore, this method reduces expectancy bias (i.e., greater 127 
expectation of benefit can lead to more favourable outcomes in a sole intervention group) [42]. Both 128 
diets were prescribed ad libitum with no specific recommendations on energy restriction.  129 

2.3.1. Mediterranean Diet 130 
The rationale and development of our MedDiet intervention, designed for use in chronic disease 131 

intervention trials in the Australian setting [34,43], has been explained and published in detail 132 
elsewhere [44]. Briefly, it was designed based on the principles of the traditional Cretan MedDiet [45], 133 
including information from the Hellenic dietary guidelines [46] and intervention trials [2,16,47,48]. 134 
The diet was modelled via a 2-week meal plan which incorporated key dietary components of a 135 
MedDiet and a mix of traditional and modified recipes considered to be realistic options in the multi-136 
ethnic Australian setting. Target macronutrient intakes as contribution to total energy consumption 137 
were 42% total fat (of which at least 50% was from monounsaturated fatty acids [MUFA] and 25% 138 
from polyunsaturated fatty acids [PUFA]), <10% saturated fatty acids, 15% protein, 35% carbohydrate 139 
and ≤5% alcohol. Food group recommendations included: daily intake of extra virgin olive oil 140 
(EVOO), wholegrain cereals, vegetables, fruit and nuts; regular intake of fish and seafood, legumes 141 
and yoghurt; and limited intake of commercial sweets or pastries and red or processed meat. Poultry, 142 
eggs and feta cheese were recommended in moderation. For existing alcohol drinkers, red wine was 143 
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suggested to be consumed in moderation (1-2 standard glasses) with meals. Resources provided to 144 
participants [44] included the 2-week model meal plan, a recipe book, The Mediterranean Diet by 145 
Itsiopoulos (2013) (ISBN 9781742610825), shopping list, food pyramid, weekly food intake checklist, 146 
and label reading information. To facilitate dietary compliance and to encourage intake of staple 147 
Mediterranean foods less familiar to this Australian population, a hamper was provided to 148 
participants at baseline and 3-months. Each hamper included 6L EVOO (to achieve 60-80mL/day) 149 
and 1.2kg nuts (almonds, walnuts and hazelnuts to achieve 30g/day) as well as samples of canned 150 
legumes, Greek yoghurt, and tinned tuna and salmon.  151 

2.3.2. Low-fat Diet 152 
Participants in the low-fat diet group were instructed to follow the standard diet 153 

recommendations provided to cardiac patients in Australia at the time this study was developed (in 154 
2014). Recommendations from the National Heart Foundation [4] and Australian Dietary Guidelines 155 
[49,50] were consulted for design of the low-fat diet. Target macronutrient intakes as contribution to 156 
total energy consumption were <30% total fat, <7% saturated fat, <1% trans fat, 45-65% carbohydrate, 157 
15-25% protein and ≤5% alcohol. Food group recommendations included daily intake of grains and 158 
cereals (mostly whole grains), vegetables, lean meats and alternatives, fruit, and low-fat dairy foods 159 
[49]. A 1-week meal plan was created to model a comparative nutrient profile for this diet and to 160 
generate a resource for participants. Resources for label reading, low-fat cooking and recommended 161 
daily food group serves also were provided. Participants were provided with a supermarket voucher 162 
at each of their three face-to-face appointments to aid compliance and encourage continuation in the 163 
trial.  164 

2.4 Study Measures 165 
This study reports on measurements collected at the baseline, 3- and 6-month appointments. 166 

Data on medical conditions was collected from medical records and in consultation with hospital 167 
staff during the screening process, and via a questionnaire at the pre-baseline appointment. 168 
Participants completed a self-report survey (Kucianski et al, 2018, Manuscript under review) prior to 169 
their baseline appointment which recorded sociodemographic, lifestyle and clinical characteristics, 170 
including medication and supplements use. A modified version of the survey was completed at both 171 
3- and 6-month appointments, which re-assessed lifestyle and clinical characteristics. 172 

2.4.1. Dietary Intake 173 
Our methods for assessing dietary intake have been detailed previously [39]. Briefly, the week 174 

prior to each face-to-face appointment the participants completed a 7-day food diary in household 175 
measures. The diary included quantity, type, brand and cooking methods for consumed foods with 176 
unclear details clarified by the dietitian. All food diaries were entered into FoodWorks (Version 8, 177 
Xyris software Australia Pty Ltd) for nutrient and food group intake analyses. Food group serve sizes 178 
were based on FoodWorks data [51]. The 14-point Mediterranean Diet Adherence Screener (MEDAS), 179 
generated and validated for the PREDIMED study [52], was measured at each appointment for both 180 
diet study groups. This paper reports on key dietary intake data at baseline and 6-months only, as 181 
detail on the dietary changes, including sustainability data at 12-months, has been reported elsewhere 182 
(Mayr et al, 2018, Manuscript under review).   183 

2.4.2. Cardiometabolic Risk Markers  184 
 Our methods for assessment of activity levels, anthropometry, body composition, blood 185 

pressure and pathology measures have also been described previously [34,53]. Increased physical 186 
activity was not a target of this intervention and physical activity guidelines were not discussed by 187 
the dietitians. However, physical activity levels were assessed to account for any potential 188 
confounding effects of changes in physical activity levels on outcome markers. Participants wore a 189 
triaxial Actigraph accelerometer (WGT3X-BT; Actigraph Corp, Florida, United States) for one week 190 
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prior to their appointments. Established criteria [54] were used to determine time spent as min /week 191 
in moderate-to-vigorous physical activity (MVPA) or as sedentary time.  192 

Anthropometric measures were performed according to the International Society for the 193 
Advancement of Kinanthropometry (ISAK) standards for anthropometric assessment [55]. Body 194 
weight was measured to the nearest 0.1 kg using calibrated digital scales (WM203, Wedderburn, 195 
Willawong, QLD, Australia) after an 8-h fast. Height was measured to the nearest 0.1 cm, while 196 
barefoot, using a wall-mounted stadiometer (SE206, SECA, Seven Hills, NSW, Australia). Waist 197 
circumference was measured directly over the skin at the level of the narrowest point between the 198 
lower costal (10th rib) and top of the iliac crest. Hip circumference was measured over underwear or 199 
thin layer of clothing, at the point of greatest posterior protuberance of the gluteal. Two measures of 200 
waist and hip circumference were taken to the nearest 0.1 cm, and the average calculated. If the two 201 
measures differed by 2% or more a third measure was taken and the average of the 2 closest values 202 
calculated. Waist-hip ratio was calculated by dividing waist circumference into hip circumference. 203 

 Whole body composition was measured using a fan beam densitometer Dual-energy X-ray 204 
Absorptiometry (DXA) machine (Hologic, Discovery W, USA), with analysis performed using 205 
QDR™ (Quantitative Digital Radiography) for Windows. Procedures and positioning of participants 206 
on the scanning bed were standardised according to recommendations of the Australian and New 207 
Zealand Bone and Mineral Society and manufacturer guidelines. Participants were required to be 208 
fasted for at least 8 hours, void their bladder immediately prior to scan, wear light clothing free from 209 
metal and remove shoes, jewellery and glasses. Participants were instructed to lie supine on the 210 
scanning bed with slight internal rotation of legs from the hip, with arms straightened by the sides 211 
and palms flat on the bed or placed against thighs. Regions of interest and total body composition 212 
analyses were automatically generated by the software. Measurements obtained from each scan were 213 
total body lean and fat mass, total body and regional fat percentage, subcutaneous adipose tissue 214 
(SAT) and visceral adipose tissue (VAT) areas. Hologic scientists developed their method for 215 
measuring VAT from DXA [56], which is highly correlated (r=0.93) and linearly related to VAT 216 
measurements by computed tomography [57]. Fat mass index (FMI) was calculated by dividing the 217 
total body fat mass (kg) by height (m) squared [58]. 218 

Systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate (HR) were measured 219 
using an automated blood pressure monitor (OMRON Tp9, IntellisenSense, Australia). 220 
Measurements were taken at least at 1 min intervals after the participant had been seated for 5 min. 221 
At least two measures were performed and then a third measure if either the SBP or DBP differed by 222 
10%. Hypertension (presence or history of) was classified based on whether the participants were 223 
prescribed medication with anti-hypertensive effect (angiotensin converting enzyme [ACE] inhibitor, 224 
angiotensin 2 receptor blocker, Beta [β]-blocker or Ca2+ channel blocker) and/or mean baseline blood 225 
pressure reading of SBP >140 mmHg or DBP >90 mmHg [59]. 226 

Fasting blood samples were taken by venepuncture and processed immediately into 227 
serum/plasma aliquots (as published in detail elsewhere [60]) which were stored at -80 °C until 228 
laboratory assays were conducted. Serum low-density lipoprotein (LDL) cholesterol, HDL 229 
cholesterol, triglycerides and high sensitivity (hs)-CRP levels were measured at a commercial 230 
laboratory (Dorevitch Pathology Pty Ltd, Heidelberg, Australia). Lipids were measured using an 231 
automated blood analyzer (ADVIA 2400 Chemistry System, Siemens, Tarrytown, NY, USA) and hs-232 
CRP by chemical analyser (Cobas Integra 400, Roche, Indianapolis, IN, USA). All other biomarkers 233 
were measured by trained personnel at La Trobe University. Briefly, serum hs-IL-6 levels were 234 
measured by enzyme-linked immunosorbent assay (ELISA) (Abcam, #ab46042, detection sensitivity 235 
<0.81 pg/mL) in duplicate. Serum adiponectin levels were measured by ELISA (Invitrogen, 236 
Thermofisher Scientific, #KHP0041, detection sensitivity <100 pg/mL) in duplicate. Fasting serum 237 
glucose levels were measured using the enzymatic hexokinase method by a chemical analyser 238 
(Indiko, Thermofisher Scientific) in duplicate. Laboratory personnel were provided with deidentified 239 
samples and were blinded to participant study group. The presence of metabolic syndrome was 240 
calculated using the National Cholesterol Education Program ATP III definition [61]. Diagnosis of 241 
T2DM was determined by consulting participant medical history records. All risk markers were 242 
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assessed at baseline, 3- and 6-months, except for hs-Il-6 which was measured at baseline and 6-243 
months only.   244 

2.4.2. Statistical Analyses  245 
As this study represented a preliminary analysis in a pilot cohort, a sample size calculation was 246 

not performed prior to conducting the measures [62]. All statistical analyses were conducted in SPSS® 247 
statistical package version 23 (IBM Corp, released 2015). Statistical significance was set at p<0.05. Data 248 
are presented as means ± standard deviation (SD) or standard error (SEM), medians (interquartile 249 
range [IQR]) or n (%), as appropriate. The Kolmogorov–Smirnov test was applied to assess the 250 
normality of continuous variables. According to this, an Independent Student’s t-test or non-251 
parametric Mann-Whitney U test was used to compare continuous variables. Categorical variables 252 
were compared using the Chi-square test.  253 

All outcome measures were analysed based on intention-to-treat. Missing data were analysed 254 
by bringing baseline or 3-month observations forward, assuming no change. This method was used 255 
as a conservative method to analyse all participants regardless of study completion [63]. Cochran’s 256 
Q test assessed changes in the proportion of participants taking medication and supplement classes 257 
from baseline to 3- and 6-months within each study group. Change in dietary intake variables from 258 
baseline to 6-months was assessed within diet study groups by Paired Samples t-test or Wilcoxon 259 
Signed Rank test. Repeated measures between-within ANOVA (analysis of variance) assessed 260 
changes in cardiometabolic risk marker variables from baseline to 3- and 6-months. Measures which 261 
were non-parametric at least 2 out of 3 time-points were transformed (based on log, square root or 262 
inverse) to improve their distribution. The main ANOVA results assessed for effect were (1) group 263 
(significant change in one study group compared to the other), (2) time (significant change in pooled 264 
study groups), and (3) time*group (interaction effect). Post-hoc tests were performed to determine 265 
within-group changes (Paired Samples t-test) and between-group differences (Independent Student’s 266 
t-test).  267 

In the pooled cohort, tertiles of change in participant MEDAS scores from baseline to 6-months 268 
were created in SPSS. Least-squared means (95% confidence interval [CI]) of cardiometabolic risk 269 
markers at 6-months were estimated across the tertiles of MEDAS change. Multi-variable general 270 
linear models were used to estimate the differences in adjusted means across tertiles. For hs-CRP, 271 
participants with serum levels >10 mg/L were excluded from analyses, as these higher concentrations 272 
reflect acute rather than chronic inflammation [64]. 273 

3. Results 274 

3.1. Participants 275 

Figure 1 illustrates the randomisation to diet study groups and completion of study 276 
appointments. Of the 36 participants randomised to the low-fat diet group, 31 commenced and 29 277 
completed the intervention. Of the 37 participants randomised to the MedDiet group, 35 commenced 278 
and 27 completed the intervention. Participants were lost to follow up or discontinued due to medical 279 
or family related issues. Two of the nine participant dropouts (one from each of the diet groups) were 280 
female. There were no significant differences for sociodemographic or clinical characteristics between 281 
those participants that dropped out compared to completers.  282 

Baseline characteristics of participants who started the intervention, between the diet study 283 
groups, are reported in Table 1. Briefly, the cohort represented a mostly male, middle to late aged 284 
group of which close to half were born outside Australia. Most participants were educated above 285 
secondary school level and had received previous lifestyle advice through cardiac rehabilitation, with 286 
few current smokers and one third having previously seen a dietitian (individually). Participants had 287 
highly variable levels of MVPA and their baseline MedDiet adherence was low (score of 5 out of 14). 288 
Most participants had experienced an AMI and undergone percutaneous coronary intervention with 289 
a median time since ACS event of <6 months prior. Close to one third had diagnosed T2DM and 290 
nearly all had current or previous hypertension. Participants were prescribed multiple medications, 291 
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of which anti-platelets and statins were the most common. Close to half the participants were using 292 
nutrition supplements, of which vitamin D and omega-3 were the most common. There were no 293 
significant differences at baseline between the diet study groups for any of these reported 294 
sociodemographic, lifestyle or clinical characteristics.  295 

 296 

 297 
 298 

Figure 1. Flow of AUSMED participants through the study, with randomisation to diet study groups, 299 
timing of appointments and indication of dropouts. Participants were recruited and completed the 300 
intervention between October 2014 to May 2016. AMI, acute myocardial infarction.  301 
 302 
Table 1. Participant baseline characteristics in the study groups  303 

Characteristic Low-fat (n=31) MedDiet (n=34) p-value 
Sociodemographic     
Male  27 (87.1) 27 (79.4) 0.62 
Age (years) 61.8 ± 9.5 61.8 ± 9.2 0.99 
Country of birth  

Australia  
Other 

 
18 (58.1) 
13 (41.9) 

 
20 (58.8) 
14 (41.2) 

 
1.00 
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Highest education level  
Primary School  
Secondary School  
Trade/ University 

 
1 (3.2) 
7 (22.6) 

23 (74.2) 

 
3 (9.1) 
7 (21.2) 

23 (69.7) 

0.63 

Lifestyle    
Smoking  

>100 cigarettes in lifetime 
Current  

 
18 (58.1) 

3 (9.7) 

 
20 (58.8) 
6 (18.2) 

 
1.00 
0.48 

BMI (kg/m2) 

Overweight (BMI ≥25 kg/m2)  
29.1 ± 5.3 
25 (80.6) 

30.7 ± 5.0 
30 (88.2) 

0.20 
0.50 

Sedentary (min /week) 3559 ± 756 3518 ± 735 0.67 
MVPA (min /week)†  120.0 (189.5) 153.0 (210.0) 0.35 
MEDAS (score out of 14)  4.8 ± 1.8 5.6 ± 2.2 0.12 
Cardiac rehabilitation  
Dietitian (individual consult)  

26 (83.9) 
10 (32.3) 

25 (73.5) 
11 (32.4) 

0.48 
1.00 

Medical History     
Acute coronary syndrome  

Acute myocardial infarction  
Percutaneous coronary intervention 
Coronary artery bypass grafting  
Time since event (months)† 

 
22 (71.0) 
25 (80.6) 
8 (25.8) 
4.5 (6.5) 

 
23 (67.6) 
25 (73.5) 
7 (20.6) 

5.1 (15.2) 

 
0.72 
0.70 
0.84 
0.65 

Co-morbidities  
Type 2 diabetes mellitus  
Metabolic syndromea  
Hypertension  
Depression (diagnosed)  
Thyroid disorder  

 
9 (29.0) 

11 (35.5) 
31 (100) 
4 (12.9) 
2 (6.5) 

 
10 (29.4) 
16 (48.5) 
31 (91.2) 
6 (17.6) 
3 (8.8) 

 
1.00 
0.42 
0.24 
0.74 
1.00 

Medication Use  
Anti-platelet 
Statin 
Other lipid-lowering  
β-blocker 
ACE inhibitor  
Angiotensin 2 receptor blocker  
Ca2+ channel blocker 
Oral hypoglycaemic agent  
Insulin 
Anti-reflux  

31 (100) 
29 (93.5) 
26 (83.9) 

3 (9.7) 
21 (67.7) 
15 (48.4) 
6 (19.4) 
5 (16.1) 
7 (22.6) 
2 (6.5) 
9 (29.0) 

34 (100) 
30 (88.2) 
31 (91.2) 

3 (8.8) 
24 (70.6) 
17 (50.0) 
8 (23.5) 
4 (11.8) 
8 (23.5) 
3 (8.8) 
9 (26.5) 

1.00 
0.67 
0.61 
1.00 
0.76 
1.00 
0.92 
0.88 
1.00 
1.00 
1.00 

Supplement use  
Omega-3  
Vitamin D  
Multivitamin  
Coenzyme Q10 
Glucosamine  
Magnesium  

13 (41.9) 
3 (9.7) 
5 (16.1) 
5 (16.1) 
5 (16.1) 
0 (0.0) 
3 (9.7) 

15 (44.1) 
7 (20.6) 
7 (20.6) 
3 (8.8) 
2 (5.9) 
4 (11.8) 
3 (8.8) 

1.00 
0.38 
0.89 
0.61 
0.24 
0.12 
1.00 

Data are N (%), Mean ± SD or Median (IQR)†. BMI, body mass index; MVPA, moderate-to-vigorous 304 
physical activity; MEDAS, Mediterranean diet adherence screener; β, Beta; ACE, angiotensin 305 
converting enzyme. aUnable to calculate presence of metabolic syndrome for one participant due to 306 
missing pathology data.  307 
 308 
 309 
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3.2. Attendance at study appointments, other health services and medication/supplement use 310 

There were no significant differences between the groups for frequency of attendance at each of 311 
the study appointments and phone call reviews conducted across the diet intervention period (Table 312 
S1, Supplementary Materials). The proportion of participants who attended each of the appointments 313 
or reviews was 80% or above. The participants reported having accessed a variety of other health 314 
services during the intervention period, but there were no significant differences between the study 315 
groups (Table S1). There was no change in the proportion of participants taking prescribed 316 
medications for most medication types between baseline, 3- and 6-month appointments in either 317 
study group (Table S2). The only significant finding was a reduction in the number of participants 318 
prescribed β-blockers in the MedDiet group (from 24 to 19 participants) at 3-months and this was 319 
maintained at 6-months (p-trend=0.007). High medication compliance self-reported by the 320 
participants at baseline remained consistent throughout the study. There were no significant changes 321 
within either study group for use of supplements across the intervention period (Table S2). 322 

3.3. Dietary Intake  323 
Daily intake of food group serves, energy and nutrients are shown in Table 2. In the MedDiet 324 

group, in line with recommendations, consumption of olive oil, fruit, yoghurt, nuts, legumes and 325 
seafood significantly increased, whereas red and processed meats decreased after 6-months. In the 326 
MedDiet group intake of energy from total fat, MUFA and PUFA significantly increased and energy 327 
from protein, carbohydrates and saturated fats decreased. The MedDiet group also significantly 328 
increased intake of fibre and vitamin E and decreased intake of sodium. There were no significant 329 
changes for intake of any of the reported food groups or nutrients in the low-fat diet group. Total 330 
energy intake tended to increase in the MedDiet group compared to a decrease in the low-fat diet 331 
group.  332 

Adherence to the MedDiet is also reported in Table 2. The low-fat diet group significantly 333 
improved MEDAS score by 1.2 points (p=0.01), whereas the MedDiet group significantly improved 334 
MEDAS score by 4.8 points (p<0.001). This represented a significantly greater improvement in 335 
MEDAS score in the MedDiet compared to low-fat diet participants (p<0.001). 336 

 337 
Table 2. Dietary intake at baseline and 6-months in the study groups   338 

Intake variable Low-fat diet (n=31) MedDiet (n= 33)a 
 Baseline 6-Month Baseline 6-Month 

Food group serves /day     
Olive oil (tsp) 0.6 ± 1.1 0.5 ± 0.8 1.4 ± 1.9 7.1 ± 5.1* 
Wholegrains 2.8 ± 2.5 2.6 ± 1.8 1.9 ± 1.2 2.2 ± 1.5 
Vegetables 3.3 ± 1.2 3.6 ± 1.9 4.0 ± 2.2 4.2 ± 2.1 
Fruit 2.0 ± 1.3 1.7 ± 1.1 1.1 ± 1.0 1.5 ± 1.1* 
Food group serves /week      
Yoghurt 0.8 ± 1.4 1.4 ± 1.9 1.2 ± 1.7 2.2 ± 2.1* 
Cheese  3.0 ± 4.0 2.9 ± 2.9 2.9 ± 2.2 2.6 ± 2.2 
Nuts 4.4 ± 6.1 3.6 ± 5.9 2.8 ± 4.0 5.2 ± 4.9* 
Legumes 1.8 ± 5.5 1.3 ± 2.3 0.8 ± 1.3 2.6 ± 2.9* 
Seafood 3.1 ± 2.9 3.1 ± 2.3 4.7 ± 4.4 6.2 ± 4.8* 
Red meat 4.8 ± 4.8 4.3 ± 3.6 5.2 ± 5.6 2.6 ± 1.8* 
Processed meat  1.3 ± 1.6 1.5 ± 1.4 1.8 ± 1.3 0.6 ± 0.8* 
Wine (100mL) 1.3 ± 3.9 0.8 ± 2.5 3.4 ± 6.9 3.6 ± 6.0 
Nutrients /day      
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Energy (kJ)  8049 ± 2195 7531 ± 2265 8156 ± 1798 8427 ± 1929 
Protein (%E) 20.5 ± 3.6 21.8 ± 5.8 21.5 ± 4.4 19.4 ± 4.2* 
Carbohydrate (%E) 43.1 ± 7.9 42.5 ± 7.1 37.9 ± 6.5 34.8 ± 7.2* 
Total fat (%E) 31.0 ± 7.7 30.3 ± 7.2 34.1 ± 6.2 38.7 ± 7.9* 
Saturated fat (%E)  10.1 ± 3.4 10.3 ± 3.5 11.5 ± 3.2 9.5 ± 2.4* 
MUFA (%E)  14.0 ± 5.0 12.8 ± 3.8 15.2 ± 3.8 20.7 ± 6.2* 
PUFA (%E)  5.9 ± 2.6 6.1 ± 2.9 6.2 ± 2.2 7.6 ± 2.9* 
LCN3FA (g)  0.56 ± 0.55 0.46 ± 0.49 0.57 ± 0.57 0.74 ± 0.81 
Fibre (g)  28.9 ± 11.7 27.6 ± 8.9 24.8 ± 10.6 29.6 ±11.3* 
Vitamin C (mg)  137.4 ± 87.9 111.2 ± 70.2 106.7 ± 61.2 116.1 ± 78.2 
Vitamin E (mg)  12.3 ± 7.3 11.1 ± 5.8 12.0 ± 4.8 19.3 ± 6.8* 
Folate (μg)  657.9 ± 183.5 640.6 ± 212.6 628.0 ± 270.9 594.5 ± 218.6 
Sodium (mg)  2182 ± 797 2101 ± 782 2424 ± 839 1970 ±584* 
Potassium (mg)  3103 ± 894 3097 ± 859 3224 ± 999 3367 ± 910 
Magnesium (mg) 356.7 ± 128.0 335.5 ± 112.3 346.7 ±103.4 376.1 ± 94.1 

MedDiet adherence   (n=34)a 

MEDAS (score /14) 4.8 ± 1.8 6.0 ± 2.0* 5.6 ± 2.2 10.4 ± 2.3* 

MedDiet, Mediterranean diet; %E, percentage contribution to total energy intake; MUFA, 339 
monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; LCN3FA, long chain omega-3 fatty 340 
acids; MEDAS, Mediterranean Diet Adherence Screener. aOne participant who dropped out had 341 
MEDAS data but no usable food diary data at baseline. *Significant change within group, p<0.05, 342 
Paired t-test or Mann Whitney U test.  343 

3.4. Activity Levels  344 
Physical activity was not a target of the interventions; however, activity levels were measured 345 

to account for potential confounding on outcome measures. There were no significant changes in 346 
time spent as sedentary min /week between baseline and 3-months or 6-months in the MedDiet or 347 
low-fat diet groups (Table 3). For MVPA min /week there was a significant reduction over time in the 348 
pooled groups (p=0.02). The only significant within-group difference was a reduction between 3- and 349 
6-months in the MedDiet group (p=0.006).  350 

3.5. Anthropometry and Body Composition  351 
There were no significant between-group changes (main effect for group, p>0.05) for any of the 352 

reported anthropometric and body composition measures (Table 3). There were also no significant 353 
within-group changes for weight, BMI, waist circumference, or waist-hip ratio. With regards to waist 354 
circumference, there was a trend for an overall mean reduction over time in the pooled study groups 355 
(-1.1 cm in the MedDiet group and -0.4 cm in the low-fat diet group after 6-months, main effect for 356 
time, p=0.07). With regards to body composition measures, total fat %, trunk fat % and leg fat % each 357 
decreased significantly over time in the pooled study groups (main effects for time, p=0.01, p=0.04 358 
and p=0.003, respectively). However, the only significant within-group changes for these fat % 359 
outcomes were a reduction between baseline and 3-months in the MedDiet group. There was also a 360 
decrease in each of total fat mass, FMI and arm fat % between baseline and 3-months within the 361 
MedDiet group only. There was a trend for a greater reduction in SAT area in the MedDiet group (-362 
12.1 cm2), compared to the reduction in the low-fat diet group (-8.8 cm2) after 6-months (main effect 363 
for group, p=0.07). There was a significantly higher SAT area in the MedDiet group compared to low-364 
fat diet group participants at baseline, however, the results for change in SAT area did not differ 365 
when this was controlled for. From baseline to 6-months there was no significant change in VAT area 366 
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in either the low-fat or MedDiet groups; however, within the low-fat diet group there was a (non-367 
significant) reduction in VAT area at 3-months and then a significant increase from 3- to 6-months 368 
(the participants returned to the same level as at the start of the study).   369 
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Table 3. Activity levels and anthropometric, body composition, haemodynamic and pathology markers across intervention time points in the study groups  370 

Marker Low-fat diet (n=31) MedDiet (n=34) p-value 

 Baseline 3-month 6-month Baseline 3-month 6-month Group Time Time*  
group 

Activity levels  
Sedentary (min/week) 
MVPA (min/week) 

 
3559 ± 756 
148 ± 144 

 
3534 ± 694 
152 ± 135 

 
3431 ± 708 
135 ± 122 

 
3518 ± 735 
186 ± 164 

 
3455 ± 975 
197 ± 163 

 
3380 ± 795 
144 ± 112c 

 
0.60 
0.30 

 
0.50 
0.02* 

 
0.86 
0.59 

Anthropometry          
Weight (kg)† 85.4 ± 19.6 84.9 ± 19.3 85.0 ± 18.8 88.8 ± 17.9 88.6 ± 18.2 88.8 ± 17.7 0.34 0.48 0.65 
BMI (kg/m2) 29.1 ± 5.3 28.9 ± 5.4 29.0 ± 5.4 30.7 ± 5.2 30.7 ± 4.9 30.7 ± 5.1 0.18 0.42 0.67 
Waist circumference (cm) 102.2 ± 15.1 101.6 ± 13.9 101.8 ± 14.5 104.2 ± 13.9 103.3 ± 13.3 103.1 ± 13.7 0.63 0.07 0.59 
Waist-hip ratio 0.978 ± 0.09 0.972 ± 0.09 0.975 ± 0.08 0.974 ± 0.08 0.969 ± 0.08 0.964 ± 0.08 0.78 0.14 0.44 
Body composition          
Total lean (kg) 55.7 ± 11.4 55.8 ± 11.3 55.9 ± 11.4 56.0 ± 10.7 56.4 ± 10.5 56.6 ± 10.7 0.85 0.10 0.60 
Total fat (kg) 27.9 ± 10.3 27.4 ± 10.2 27.4 ± 9.9 30.9 ± 9.5 30.3 ± 9.4a 30.4 ± 9.5 0.23 0.05 0.83 
FMI (kg/m2) 9.50 ± 3.1 9.36 ± 3.1 9.48 ± 3.3 10.79 ± 3.3 10.59 ± 3.3a 10.63 ± 3.4 0.13 0.13 0.65 
Total fat % 32.8 ± 6.3 32.4 ± 6.5 32.4 ± 6.7 35.2 ± 6.8 34.6 ± 7.2a 34.6 ± 7.1 0.18 0.01* 0.79 
Trunk fat % 35.1 ± 6.8 34.6 ± 7.1 34.7 ± 7.4 37.8 ± 6.8 37.2 ± 7.2a 37.2 ± 7.3 0.14 0.04* 0.82 
Arms fat % 32.8 ± 8.3 32.3 ± 8.2 32.3 ± 8.9 36.1 ± 9.1 35.4 ± 9.7a 35.7 ± 9.5 0.15 0.06 0.76 
Legs fat % 30.6 ± 7.3 30.2 ± 7.3 30.2 ± 7.4 32.6 ± 8.4 31.8 ± 8.4a 31.9 ± 8.5b 0.38 0.003* 0.67 
VAT area (cm2) 191.6 ± 82.9 179.7 ± 67.7 189.9 ± 76.1c 200.8 ± 76.5 198.4 ± 74.6 200.9 ± 77.5 0.49 0.07 0.30 
SAT area (cm2) 298.3 ± 105.9d 295.1 ± 125.3 289.5 ± 114.1 354.4 ± 123.4 341.3 ± 123.1a 342.3 ± 124.6 0.07 0.35 0.08 
Haemodynamic          
SBP (mmHg) 140.3 ± 18.9 139.1 ± 15.5 139.3 ± 15.0 133.7 ± 16.6 133.5 ± 15.5 132.2 ± 15.2 0.09 0.69 0.84 
DBP (mmHg) 83.0 ± 7.9 82.8 ± 8.6 82.5 ± 8.2 81.3 ± 9.2 81.2 ± 9.8 81.0 ± 10.0 0.42 0.91 0.99 
HR (bpm) 66.8 ± 10.0 65.3 ± 10.6 65.6 ± 10.6 68.7 ± 11.6 63.7 ± 13.0a 66.5 ± 11.3c 0.78 0.008* 0.16 
Pathology          
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LDL (mmol/L)† 1.72 ± 0.84d 1.83 ± 0.78a 1.94 ± 0.94b 1.97 ± 0.59 1.96 ± 0.69 2.01 ± 0.72 0.18 0.16 0.11 
HDL (mmol/L)† 1.21 ± 0.31 1.25 ± 0.28 1.26 ± 0.30 1.20 ± 0.29 1.24 ± 0.36 1.24 ±0.30 0.77 0.05 0.97 
Non-HDL (mmol/L) 2.32 ± 0.90 2.35 ± 0.90 2.49 ± 1.00 2.57 ± 0.67 2.53 ± 0.79 2.65 ± 0.87 0.33 0.10 0.79 
Triglycerides(mmol/L)† 1.31 ± 0.63 1.29 ± 0.69 1.27 ±0.74d 1.60 ± 0.82 1.54 ± 0.81 1.62 ± 0.82 0.08 0.57 0.36 
Glucose (mmol/L) 

No T2DM (n=44) 
5.28 ± 1.33 
4.90 ± 0.83 

5.41 ± 1.38 
4.90 ± 0.76 

5.14 ± 1.08 
4.72 ± 0.62 

5.75 ± 1.52 
4.99 ± 0.61 

5.73 ± 1.51 
5.00 ± 0.66 

5.69 ± 1.73 
4.95 ± 0.48 

0.19 
0.45 

0.41 
0.25 

0.57 
0.63 

Yes T2DM (n=19)‡ 6.19 ± 1.85 6.62 ± 1.76 6.09 ± 1.35 7.51 ± 1.55 7.40 ± 1.97 7.39 ± 2.33 0.12 0.78 0.72 
hs-CRP (mg/L)†** 1.73 ± 2.01 2.11 ± 2.34d 1.57 ± 1.65 1.74 ± 2.03 1.23 ± 1.54 1.53 ± 1.74 0.72 0.12 0.25 
hs-IL-6 (pg/mL)† 2.06 ± 1.51 - 2.03 ± 1.57 2.63 ± 3.18 - 2.25 ± 2.40 0.59 0.49 0.43 

Values are Mean ± SD. One low-fat diet participant did not consent to DXA scan and was excluded from body composition analyses. One MedDiet participant 371 
who dropped out and had haemolysed blood sample at baseline was excluded from pathology marker analyses. MedDiet, Mediterranean diet; MVPA; moderate 372 
to vigorous physical activity; BMI, body mass index; FMI, fat mass index; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; SBP; systolic blood 373 
pressure; DBP, diastolic blood pressure; HR, heart rate; LDL, low-density lipoprotein; HDL, high-density lipoprotein; T2DM, type 2 diabetes mellitus; hs-CRP, 374 
high sensitivity C-reactive protein; hs-IL-6, high sensitivity interleukin-6. †Non-parametric, analyses based on transformed variable. ‡One participant with T2DM 375 
had a major increase in insulin dosage and was excluded from analyses. **Two participants excluded for value >10 mg/L. (-)Samples were collected but not 376 
measured at 3-months. Significant, p<0.05, for: *Main effect of group, time or time x group interaction; adifference between baseline and 3-months for that group; 377 
bdifference between baseline and 6-months for that group; cdifference between 3-months and 6-months for that group; and ddifference between study groups for 378 
that time point. 379 
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3.6. Haemodynamic Measures and Pathology Markers 380 
There were no significant between-group changes (main effect for group, p>0.05) for any of the 381 

reported haemodynamic or pathology markers (Table 3). There were no significant changes within 382 
or between groups for SBP or DBP. There was a significant reduction after 6-months in resting HR 383 
for the pooled study groups (-1.2 bpm in the low-fat diet group and -2.2 bpm in the MedDiet group, 384 
main effect for time, p=0.008). The only significant within-group reduction for HR occurred between 385 
baseline and 3-months in the MedDiet group. With regards to lipids, the only significant within-386 
group finding was an increase in LDL cholesterol between baseline and both 3- and 6-months (+0.22 387 
mmol/L in total, p=0.02) in the low-fat diet group. There were no significant changes within either 388 
study group for triglycerides or fasting glucose levels (also assessed separately for T2DM status).  389 

For hs-CRP there was a trend for reduction in the MedDiet group and increase in the low-fat 390 
diet group between baseline and 3-months, which resulted in a significantly higher serum hs-CRP in 391 
the low-fat diet group at 3-months (2.1 ± 2.3 vs. 1.2 ± 1.5 mg/L, p=0.04). This between-group difference 392 
was not present at 6-months. From baseline to 6-months there was no significant change in the pooled 393 
cohort or within groups for hs-IL-6. Mean serum adiponectin levels at baseline, 3- and 6-months are 394 
presented in Figure 2. There was no significant difference between the low-fat diet and MedDiet 395 
groups in adiponectin level at baseline (8.49 ± 4.21 vs. 8.28 ± 3.89 ng/mL, p=0.84, respectively). Within 396 
the low-fat diet group there was a non-significant trend for mean reduction in adiponectin between 397 
baseline and 3-months (-0.23 ± 3.7 ng/mL, p=0.72) and 6-months (-0.89 ± 3.3ng/mL, p=0.20). 398 
Conversely, within the MedDiet group there was a non-significant trend for mean increase in 399 
adiponectin between baseline and 3-months (+0.54 ± 3.3 ng/mL, p=0.39) and 6-months (+1.08 ± 400 
4.2ng/mL, p=0.11). There was no significant main effect on adiponectin for group, time or time*group 401 
(p=0.63, 0.64 and 0.35, respectively).  402 

Data from this interim analysis on the 6-month between-within group changes for adiponectin 403 
were used to perform an a-priori sample size calculation in statistical software program G*Power 404 
3.0.10 [65]. Based on the study group effect size (partial eta2) of 0.063, and a correlation value between 405 
adiponectin levels at baseline and 6-months of r=0.689 at 80% power and α<0.05, a sample size of 252 406 
participants would be required to detect a significant effect of the MedDiet compared to the low-fat 407 
diet. 408 
 409 

 410 
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Figure 2. Effect of 6-month Low-fat diet (n=31) and Mediterranean Diet (MedDiet) (n=33) on serum 411 
adiponectin levels in AUSMED pilot participants. One of the MedDiet participants had a haemolysed 412 
blood sample at baseline and was excluded from this dataset. Data are mean ± SEM (standard error). 413 
 414 

3.7. Association Between Mediterranean Diet Adherence and Risk Markers 415 

Participants were categorised into tertiles of change in MEDAS score from baseline to 6-months. 416 
This resulted in tertile 1 (T1) of -2 to +1, tertile 2 (T2) of +2 to 5, and tertile 3 (T3) of +6 to 9. As expected, 417 
in T3, with the largest 6-month improvement in MedDiet adherence, 93% of participants were from 418 
the MedDiet group. In T2 and T1 the proportion of participants in the MedDiet group was 56% and 419 
22%, respectively. Mean (95% CI) levels for cardiometabolic risk markers at 6-months, adjusted for 420 
baseline value, sex, age, T2DM, time since coronary event and change in MVPA, are presented in 421 
Table S3. For each of the reported anthropometric, body composition and hemodynamic measures 422 
the mean value decreased across tertiles from T1 to T3 (from lowest to greatest MEDAS score 423 
improvement), except for VAT area, which had a higher mean value in T2, followed by T1 and then 424 
T3. Compared to T1, T3 participants had a significantly lower mean waist circumference (-2.81 cm, 425 
p=0.01), waist-hip ratio (-0.022, p=0.047) and SAT area (- 27.4 cm2, p=0.04), and a trend for higher 426 
fasting glucose level (+0.41 mmol/L, p=0.11). Mean levels of other pathology markers did not 427 
demonstrate any consistent trends across tertiles. For adiponectin, the mean value increased slightly 428 
across tertiles from lowest to greatest MEDAS score improvement (+0.68 ng/mL from T1 to T3, 429 
p=0.50).  430 

4. Discussion 431 
The primary aim of this study was to determine the effect of a 6-month intervention with ad 432 

libitum MedDiet versus low-fat diet on inflammation and adiposity in a pilot cohort of patients (n=65) 433 
with CHD. The results demonstrated that despite significantly improved adherence to the 434 
Mediterranean dietary pattern, there was no significant effect of the MedDiet on inflammatory 435 
markers hs-CRP, hs-IL-6, the anti-inflammatory adipokine adiponectin, body composition, lipids, 436 
glucose or blood pressure compared with the low-fat diet. Across tertiles of increasing improvement 437 
in MedDiet adherence score in the pooled study cohort at 6-months, a significantly lower waist 438 
circumference and SAT area, but not VAT area, was observed.  439 

The MedDiet is world renowned as a healthy dietary pattern which has strong evidence for 440 
prevention of CHD [66]. In part, the mechanism proposed for the cardioprotective effect of the 441 
MedDiet is its anti-inflammatory properties. Chronic low-grade inflammation is well recognised in 442 
the pathogenesis of atherosclerosis and is inversely associated with adherence to the MedDiet [67]. A 443 
meta-analysis of RCTs demonstrated that intervention (of 12 weeks to 4 years duration) with a 444 
MedDiet significantly reduced levels of circulating pro-inflammatory hs-CRP (14 studies) and IL-6 (6 445 
studies) and increased the anti-inflammatory adipokine adiponectin (2 studies) compared to control 446 
diets [29]. The studies included in these meta-analyses were mostly conducted in patients free from 447 
CVD. 448 

A recent meta-analysis which explored the effect of the MedDiet on inflammation in studies only 449 
recruiting patients with CHD or prior ACS, found that there was no significant effect of 450 
Mediterranean-type diets compared to low-fat diets on CRP [30]. In each of the four studies included 451 
there was a mean reduction in hs-CRP with MedDiet, however, the only study which produced a 452 
significant reduction had the largest sample size (close to 1000 participants [68], compared to 40 to 453 
100 participants in the other studies [69-71]). The review also identified that one of these (low-quality) 454 
intervention studies found no effect of a Mediterranean-type diet on IL-6 [69]. The lack of significant 455 
effect of the MedDiet on inflammation in this present cohort of patients with CHD is consistent with 456 
these previous findings. Current treatment regimens for patients who have experienced ACS include 457 
intensive pharmacotherapy [17], which was supported in the clinical description of this cohort. Of 458 
relevance, both aspirin and statin medications have pleiotropic anti-inflammatory effects, which have 459 
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been proposed to  add to the impact of these drugs on reducing secondary ACS events. For hs-CRP, 460 
80% of this AUSMED cohort were within the normal range (<3 mg/L) [64], with a mean level of 1.7 461 
mg/L at baseline. There may be limited scope for improvement in hs-CRP in the secondary prevention 462 
setting and a larger sample size would be required to demonstrate a significant effect of the MedDiet.   463 

This is the first study to examine the effect of MedDiet on the anti-inflammatory marker 464 
adiponectin in only patients with diagnosed CHD. Although no significant change was detected in 465 
this pilot cohort, we observed an interesting trend for increased serum levels of adiponectin with the 466 
MedDiet compared to the low-fat diet. Adiponectin has been reported in previous MedDiet 467 
intervention studies that have been conducted in different subject groups. In a study of pre-468 
menopausal obese women adiponectin increased with a calorie-restricted MedDiet compared to 469 
general diet/exercise advice [72]. A sub-study of the PREDIMED trial in patients with T2DM also 470 
demonstrated an increase in plasma adiponectin, but this increase occurred with all three 471 
(Mediterranean + EVOO, Mediterranean + Nuts and low-fat) diet interventions; mean weight loss 472 
was significant but less than 1kg in each group [12]. It was also found that a MedDiet in the absence 473 
of weight loss can significantly reduce inflammation (composite score of CRP, IL-6 and TNF-α) [73] 474 
but not levels of adiponectin [74]. The DIRECT study, which included a MedDiet intervention with 475 
6-month weight loss phase followed by an 18-month weight maintenance phase, demonstrated a 476 
continued significant increase in adiponectin for the duration of the trial [75]. Most of these findings 477 
suggest that a significant increase in adiponectin with MedDiet is dependent on concomitant weight 478 
loss (at least initially), which helps to explain the lack of significant effect on adiponectin in the 479 
current study with an ad libitum approach and no change in weight. Diet composition is, however, 480 
important; the present study observed a trend for reduced adiponectin with the low-fat diet, and a 481 
RCT in recently diagnosed T2DM patients demonstrated that despite participants in both MedDiet 482 
and low-fat diet arms significantly reducing body weight, only the MedDiet resulted in a significant 483 
increase in adiponectin [76]. 484 

In this pilot AUSMED cohort, we previously demonstrated that the MedDiet group significantly 485 
improved the anti-inflammatory potential of their diet compared to the low-fat diet group, as 486 
measured by the dietary inflammatory index (DII) [39]. Hence, it was unexpected that this change in 487 
DII did not translate into a more meaningful effect on the inflammatory biomarkers reported in the 488 
present analysis. We also found that a reduction in DII (towards a more anti-inflammatory diet score) 489 
was significantly associated with lowered levels of hs-IL-6 at 6-months [53]. This differs to the current 490 
results that an increase in MEDAS score was not significantly associated with levels of inflammatory 491 
markers at 6-months. The DII was formulated based on findings evident in the literature relating diet 492 
to inflammatory cytokine signalling pathways and incorporates 45 nutrient/food intake parameters, 493 
including flavonoids, herbs and spices [77]. This tool used to categorise individuals' diets on a 494 
continuum from maximally anti-inflammatory to maximally pro-inflammatory is fundamentally 495 
different to the MEDAS which assesses a pattern of food intake that is associated with the MedDiet, 496 
a culinary tradition, and has a finite set of 14 food-based components. There are also parameters in 497 
the DII which contribute high anti-inflammatory effect scores, such as green/black tea, saffron, 498 
eugenol and turmeric, which are generally not components of the traditional MedDiet.  499 

Chronic low-grade inflammation is more strongly linked to body composition (i.e. higher fat 500 
mass) than body weight (which can be confounded by lean tissue) [26]. Our 6-month ad libitum 501 
MedDiet had no significant effect on weight or body composition measures compared to the low-fat 502 
diet. However, within the MedDiet group there was a small but significant reduction in total and 503 
regional (trunk, arms and legs) fat % after 3-months, which was generally sustained at 6-months. It 504 
is unlikely that engagement in exercise confounded this change in body composition as MVPA levels 505 
decreased in the MedDiet participants. In fact, the reduction in exercise observed in MedDiet 506 
participants may have reduced the magnitude of the effect of the diet on these outcomes as there is a 507 
well-established protective effect of physical activity on body weight and composition [78-80]. The 508 
maintenance of weight and small reduction in body fat in the MedDiet group occurred despite the 509 
tendency of the group to increase total energy intake. These findings assist to discount the continued 510 
belief that the high healthy fat MedDiet is associated with weight and fat gain [33]. These favourable 511 
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effects on body composition despite a higher energy intake could be related to the high content of 512 
unsaturated fats, particularly MUFA and omega-3 PUFA, in the MedDiet which have been shown to 513 
be associated with increased lipid oxidation and thermic effect [81,82]. Furthermore, in a cohort of 514 
Australian patients with T2DM (n=27) a 12-week ad libitum MedDiet intervention resulted in a small 515 
reduction in body weight, despite significantly increased energy and MUFA intake [16].    516 

The present study also demonstrated a trend for reduction in waist circumference (-1.1 cm) with 517 
the MedDiet, and participants who had greatest improvement in MEDAS score had a significantly 518 
lower waist circumference at 6-months. A recent systematic literature review [32] found 18 previous 519 
trials which tested the effect of the MedDiet on central obesity, with the majority (16) measuring waist 520 
circumference. Twelve of these studies demonstrated a significant reduction in waist circumference 521 
(between -10.2 to -0.41 cm) with MedDiet intervention and less than half of those reported that energy 522 
restriction was used. One study was conducted in patients with CHD (n=29) and found a significant 523 
reduction (-3cm) in waist circumference after 6-week intervention with a Mediterranean-style diet 524 
[83]. At the end of the intervention participants had reduced their intake of total fat (to 25% of total 525 
energy), which suggests a traditional MedDiet was not recommended and/or achieved. The lower 526 
waist circumference observed in participants with greatest MedDiet adherence in this study was 527 
associated with a reduction in SAT area, but not VAT area. Two previous studies [84,85] reported a 528 
significant reduction in markers of VAT (measured by bioelectrical impedance analysis or 529 
ultrasound) following MedDiet intervention. One of these studies also demonstrated that MedDiet 530 
intervention did not significantly impact subcutaneous fat [84]. Both of these previous interventions 531 
employed energy restriction, which may explain why no reduction in VAT was observed in the 532 
current study of an ad libitum diet. The reduction in subcutaneous fat in the present study is 533 
contradictory to previous findings that intake of MUFA favours deposition as subcutaneous fat [86]. 534 
The lack of improvement in VAT with our MedDiet intervention assists to explain the lack of 535 
significant effect on inflammatory markers.   536 

The present study demonstrated no significant effect of the MedDiet on LDL cholesterol, 537 
triglycerides, blood pressure or glucose, compared to the low-fat diet. These results were generally 538 
not unexpected considering that the majority of participants were prescribed statins or other lipid-539 
lowering therapy as well as anti-hypertensives, and nearly all participants with T2DM were taking 540 
hypoglycaemic agents. Interestingly, the low-fat diet group significantly increased LDL cholesterol 541 
levels after 6-months. This contradicts the premise of the low-fat diet, which was designed to lower 542 
LDL cholesterol levels. This finding may be reflective of the lack of improvement in adherence to the 543 
low-fat diet principles seen in that group, and their slight increase in saturated fat intake. 544 
Additionally, of interest, a significant number (15%) of MedDiet participants stopped taking β-545 
blocker medication during the trial. A potential reduction in need for this medication with the 546 
MedDiet is a promising finding as β-blockers have a range of short and long-term side effects [59]. 547 
The effect of the MedDiet on medication use will be investigated further in the broader AUSMED 548 
Heart Trial. 549 

Our study had a number of strengths. The MedDiet intervention was based on traditional 550 
principles of the diet and the control diet was based on Australian nutrition recommendations. The 551 
intensity of the dietary counselling was the same in both groups to control for this effect. In both 552 
study groups the focus of the intervention was dietary improvement only and the approach was ad 553 
libitum in order to isolate the effect of diet rather than changes in weight loss or physical activity.  554 
We also demonstrated that there were no significant differences in access to other health services or 555 
changes in types of medication or supplements taken between the groups, except for a reduction in 556 
use of β-blockers in the MedDiet group. Finally, intention-to-treat analyses were performed which 557 
meant that dropouts were taken into account in all analyses.  558 

This study was however limited by the small size of a pilot cohort of AUSMED participants, and 559 
hence was underpowered. Based on the results in these patients, the reverse power calculation which 560 
was performed for adiponectin estimated that a sample size close to four-fold of the current sample 561 
would be required to detect a significant effect of the MedDiet compared to low-fat diet in a CHD 562 
patient setting. This result will inform future analyses in the broader trial. The patients recruited in 563 
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this study represent a lower proportion of females and are potentially more health 564 
conscious/motivated than ACS patients in the broader Australian population [87], which may impact 565 
the generalisability of the results. A more representative sample needs to be achieved in the broader 566 
trial. Nonetheless, the results of this study may be generalisable to other non-Mediterranean, 567 
multicultural populations. 568 

5. Conclusions 569 
In a small cohort of patients with CHD a 6-month ad libitum MedDiet intervention did not 570 

significantly improve inflammatory markers or body composition compared to a low-fat diet. A lack 571 
of significant change in weight and a small decline in waist circumference and body fat assists to 572 
discount the continued misconception that a diet high in healthy fats, such is the MedDiet, leads to 573 
weight or fat gain. Greater improvement in MedDiet adherence was associated with lower waist 574 
circumference, however, this was associated with lower SAT and not VAT, which was unexpected. 575 
Future studies are needed in larger cohorts. Nonetheless, in CHD patients taking intensive 576 
medications, significant clinical effects of the MedDiet on inflammation and adiposity may require 577 
adjunct exercise intervention and/or caloric restriction. 578 
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