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Table 7. Sensitivity Analysis: Average systolic blood pressure, diastolic blood pressure and pulse pressure at Baseline and Week 8, including 
between group differences, in overweight (BMI<30) and obese (BMI≥30) participants  
 

 MedPork diet (n=33) LF diet (n=33) Diet*Visit 

Estimated mean difference 

between interventions 

(MedPork vs LF)1  

Variable Baseline Week 8 Baseline Week 8 p value (95% CI) 

SBP Average       

Overweight (n=17) 127.51±1.87 124.39±1.86 126.37±1.88 125.95±1.88 0.01 -1.56 (-2.77, -0.34) 

Obese (n=14) 132.71±2.40 132.22±2.38 131.35±2.38 128.54±2.36 <0.001 2.68 (1.25, 4.10) 

       

DBP Average       

Overweight (n=17) 73.49±1.36 75.24±1.36 73.82±1.37 74.02±1.36 <0.01 1.22 (0.45, 1.98) 

Obese (n=14) 80.50±2.04 80.67±2.02 80.35±2.04 81.59±2.03 0.06 -0.92 (-1.87, 0.03) 

       

Pulse Pressure 

Average 
    

  

Overweight (n=17) 57.71±2.81 50.75±2.81 54.68±2.89 52.96±2.89 <0.01 -2.21 (-3.55, -0.88) 

Obese (n=14) 53.66±2.64 53.63±2.56 52.84±2.59 48.28±2.55 <0.001 5.36 (3.71, 7.00) 

 
Values are presented as observed mean±SEM. 1Estimated marginal mean difference from linear mixed effects models. Differences between 
interventions were analysed by linear mixed effects models, including fixed effect terms for Group, Visit, Group X Visit, Period, Order and Weight. 
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Table 8. POMS at Baseline and Week 8, including between group differences 

 MedPork diet (n=33) LF diet (n=33) Diet*Visit 

Estimated mean difference 

between interventions 

(MedPork vs LF)1  

Variable Baseline Week 8 Baseline Week 8 p value (95% CI) 

Tension 0.69±0.06 0.62±0.06 0.69±0.06 0.68±0.06 0.20 -0.06 (-0.15, 0.03) 

Depression 0.49±0.06 0.39±0.06 0.49±0.06 0.50±0.06 0.08 -0.11 (-0.24, 0.01) 

Anger 1.54±0.19 1.33±0.20 1.52±0.20 1.54±0.20 0.20 -0.21 (-0.52, 0.11) 

Confusion 0.64±0.05 0.61±0.05 0.61±0.05 0.57±0.05 0.36 0.03 (-0.04, 0.11) 

Fatigue 2.33±0.19 2.04±0.20 2.17±0.20 2.23±0.20 0.28 -0.19 (-0.52, 0.15) 

Vigour 18.36±1.11 19.15±1.12 17.90±1.12 18.12±1.12 0.11 1.03 (-0.23, 2.28) 

Total Mood 

Disturbance 
5.81±0.32± 5.41±0.32 5.77±0.32 5.80±0.32 

0.06 -0.38 (-0.79, 0.02) 

 
Values are presented as observed mean±SEM. 1Estimated marginal mean difference from linear mixed effects models. Differences between 
interventions were analysed by linear mixed effects models, including fixed effect terms for Group, Visit, Group X Visit, Period and Order.  
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Home measured blood pressure 

 
Results for home measured blood pressure are presented in Table 2. For participants who 
completed blood pressure measurements at all time points (n=31) an average of 49/54 
measures were taken, indicating 90% compliance with instruction.  
 
While average SBP decreased during both dietary interventions, it did not reach statistical 
significant.  There was no statistically significant differences between the MedPork and LF 
diets for morning, afternoon and evening blood pressure or heart rate measurements.  
 

Cardiometabolic outcomes 

 
Results of cardiometabolic outcomes are presented in Table 3. 
 
Significant differences were observed for weight (mean difference=0.65kg, p=0.04), BMI 
(mean difference=0.01, p=0.01), waist circumference (mean difference=1.4cm, p=<0.01), and 
fat mass (mean difference=0.01kg, p=0.04).  The LF diet tended to result in slightly greater 
weight loss than the MedPork diet, translating into also slightly greater reduction in BMI, waist 
circumference and hip circumference. This is likely explained by the non-statistically significant 
decrease in energy intake of approximately 1200kJ during the LF phase as a result of reducing 
total fat intake which has the highest energy density per gram compared with carbohydrate, 
protein or alcohol.  
 
No other differences were observed between diets.  
 

Cognitive Outcomes 

 
Cognitive outcomes are presented in Table 4. No significant differences were observed 
between diets for Attention, Memory, or Planning composite scores. A significant effect of diet 
was found for Processing Speed (mean difference=0.32, p=0.01), with a small improvement 
following the MedPork intervention, and a decrease in performance following the LF 
intervention. 
 

Nutrient intake 

 
Nutrient intakes across both intervention periods are presented in Table 5. After 8 weeks, as 
expected, the MedPork intervention led to a significantly higher intake of % energy from fat 
(p<0.001), % energy from MUFA (p<0.001), % energy from PUFA (p<0.001) and MUFA:SFA 
(p<0.001). This increase in dietary fat was expected as the Mediterranean diet is generally 
around 40% energy from fat coming mainly from MUFA sources including EVOO and nuts and 
omega-3 PUFA sources including oily fish and nuts and seeds.  
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The LF intervention led to significantly higher intake of % energy from protein (p<0.01) and 
carbohydrates (p<0.001), which is likely due to a compensatory change in reducing total fat 
and saturated fat intake.  
The MedPork intervention led to significantly lower consumption of refined grains (white breads 
and cereals etc.) (p<0.01), and higher consumption of legumes (p<0.01), seafood (p<0.01), 
nuts and seeds (p<0.001), EVOO (p<0.001), meat and meat alternatives (p<0.001), but not 
red meat (p=0.27). From the checklists, the average intake of fresh pork during the MedPork 
intervention was 2.71±0.3 serves/week or 0.39±0.04 serves/day.  
 
The MedPork intervention led to significantly higher consumption of Vitamin E (p<0.001), 
linoleic acid (p<0.001) and alpha-linolenic acid (p<0.001).  
 

Sensitivity Analyses 

 
As overweight and obesity increases, so does blood pressure and subsequently risk of 
Metabolic Syndrome and cardiovascular disease [57]. We therefore conducted a sensitivity 
analyses for home measured blood pressure and cardiometabolic outcomes, grouping all 
participants into overweight (BMI<30; n=17) and obese (BMI≥30; n=14) categories.  
 
As presented in Table 7, significant differences were observed between diets for average SBP 
in the overweight group (mean difference=-1.56mmg Hg, p=0.01) and the obese group (mean 
difference=2.68mm Hg, p<0.001) 
 
Pulse pressure was also calculated. Pulse pressure is the difference between SBP and DBP 
and represents the force the heart is under as it contracts to expel blood to the body. A high 
pulse pressure could be an indicator of arterial stiffness and risk for CVD.  
 
Significant differences in pulse pressure, consistent with SBP and DBP findings were observed 
in the overweight group (mean difference=-2.21mm Hg p=<0.01) and the obese group (mean 
difference=5.36mm Hg, p=<0.001).  
 
The differences observed between the overweight and obese groups do not appear to be a 
function of weight loss, as significant effects for weight were only detected in the overweight 
group (mean difference=0.08kg; p=0.048), but not the obese group (p=0.43).  
 

Profile of Mood States  

 
Psychological outcomes are presented in Table 8. No significant differences between diets 
were observed for subscales of the Profile of Mood States, including Tension, Anger, 
Confusion, Fatigue or Vigour. Total mood disturbance and depression tended to be lower in 
the MedPork diet after 8 weeks but this did not reach statistical difference between the diets.  
 

Summary of results  

 
The current study sought to examine the cardiovascular and cognitive effects of including 2-3 
serves of fresh, lean pork as a part of a Mediterranean dietary pattern for use in Australia. No 
significant differences were detected between the MedPork and LF interventions for measures 
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of cardiometabolic health, including blood pressure, cholesterol, CRP, insulin and glucose. 
However, the LF intervention led to greater reductions in weight, waist circumference and fat 
mass. A significant effect was also detected for processing speed, which improved following 
the MedPork intervention. 
 
Notably, average systolic blood pressure decreased following both the MedPork and LF 
interventions. However, the difference between interventions did not reach statistical 
significance. It is likely that our inability to detect a significant effect between diets was due to 
the limited time frame of the current study. Previous investigations indicate strong, significant 
effects of the Mediterranean diet on blood pressure [58].  
 
Results from the present study differ to that of seen in PREDIMED [59], the MedLey study [60] 
and the MedDairy study [61].  We anticipated that the incorporation of fresh lean pork and 
therefore additional protein in a MedDiet would likely result in reduced blood pressure over 8-
weeks, the same duration used in the MedDairy study. This was not seen despite a significant 
increase in percent energy consumed from protein.   
 
The MedDairy study (n=41) [61] was an 8-week cross-over design trial comparing a MedDiet 
with 3-4 serves of dairy foods (to meet Australian dietary guidelines) and a low-fat diet. Blood 
pressure was assessed using an automated blood pressure monitor, 3 times a day for 6 days. 
Measures were taken either in a fasted state or at least an hour after the consumption of 
caffeine and after 30 minutes of food and participation in exercise, and spaced 1 minute apart.  
Following a MedDiet with dairy foods led to significant improvements in morning readings of 
home SBP (mean difference = -1.8±0.64, p=0.01), diastolic blood pressure (mean difference 
= -1.0±0.38, p=0.01) and heart rate (mean difference = 0.9±0.38, p=0.03), as well as clinic 
SBP (mean difference = -3.7±1.44, p=0.02) compared with a low-fat diet.  Similar changes 
were seen over a longer term period in the MedLey study. The MedLey Study was a dietitian-
led randomised parallel dietary intervention trial of 6 months duration in 166 men and women 
aged >64years [26]. The study compared a traditional MedDiet with that of an Australian 
habitual diet. Blood pressure was assessed using the same protocol as described earlier for 
both the present study and the MedDairy study.  
 
The MedDiet adherence score increased significantly in the MedDiet group but not in the 
HabDiet group (P < 0.001). The MedDiet, compared with the HabDiet, resulted in lower SBP 
(P-diet x time interaction = 0.02) [mean: -1.3 mm Hg (95% CI: -2.2, -0.3 mm Hg; P = 0.008) at 
3 months and -1.1 mm Hg (95% CI: -2.0, -0.1 mm Hg; P = 0.03) at 6 months. These differences 
between groups for blood pressure appeared to be driven by differences in morning and 
afternoon values.  Similar results in blood pressure was seen after 4-years of follow-up in 
PREDIMED.  
 
PREDIMED is a primary prevention trial with 7447 men and women at high risk of 
cardiovascular disease, recruited from healthcare centres around Spain [59]. Participants were 
randomly allocated to consume either a MedDiet with EVOO, a MedDiet with nuts or a control 
low-fat diet. Participants were followed up after 4 years.  Blood pressure was assessed using 
an automated blood pressure monitor three times, 2 minutes apart whilst seated after 5 
minutes of rest.   
 
After 4-years, there were significant reductions in SBP and DBP for all 3 groups after 4 years 
of follow-up. However there was no difference between the MedDiet with either nuts or EVOO 
and the control low-fat diet for SBP once multivariate adjustments were made. There was 
however, greater reductions in DBP between the MedDiet with EVOO (-0.65mmHg adjusted 
difference to control 95% CI -1.15, -0.15) and MedDiet with nuts (-1.53mmHg adjusted 
difference to control 95% CI -2.01, -1.04) compared with the control low-fat diet.  
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It was surprising to see no significant reduction in blood pressure in the present study, 
particularly in light of results seen for the MedDairy study. We hypothesise that it could be due 
to either a short study duration, small study population or that dairy foods, which have their 
independent effects on cardiovascular risk factors including blood pressure, worked 
synergistically with the bioactive components in a MedDiet resulting in statistically significant 
reductions in blood pressure. Further investigation over a longer intervention period in an ‘at 
risk’ of CVD population is warranted.  
 
Our sensitivity analyses show a significant effect of the MedPork intervention for average SBP 
and pulse pressure in overweight participants. Interestingly, this effect was reversed in obese 
participants. This finding indicates that the MedPork intervention may be an effective strategy 
for reducing blood pressure in overweight individuals, while obese individuals may require 
further dietetic intervention, such as energy restriction with targeted weight loss, to achieve 
similar results.  
 
Our data also indicate that a Mediterranean diet with additional pork may be beneficial for 
cognitive function. Specifically, processing speed improved following the MedPork 
intervention, but worsened following the LF intervention. This finding is consistent with previous 
literature regarding the benefits of the Mediterranean diet for cognitive function [62, 63]. 
Further, processing speed is sensitive to age related cognitive decline and has been identified 
as a risk factor for dementia [64]. Therefore, this finding has clinical significance and may 
indicate a protective effect of the diet.  
 
While the study did not detect a significance effect of diet on psychological wellbeing, positive 
trends were observed across all subscales of the profile of mood state questionnaire following 
the MedPork intervention, with improvements in Depression and Total Mood Disturbance 
approaching statistical significance.  
 
To reduce the impact of both dementia and CVD, health and lifestyle interventions with the 
potential to mitigate multiple risk factors have been recommended above reactive, costly 
treatments [65, 66]. Risk factors such as hypertension, dyslipidemia and insulin sensitivity are 
shared by both dementia and CVD [67-70]. Interventions targeting each of these 
simultaneously may be effective in reducing the prevalence of both CVD and dementia. 
However, it is necessary to ensure that such interventions are sustainable, both for the target 
population and the environment. The Mediterranean diet has demonstrated efficacy for 
reducing risk of CVD and cognitive decline. Yet an Australian population, which typically 
consumes a high quantity of meat, may find adhering to the meat restrictions of the diet difficult.  
Overall, our findings indicate that fresh, lean pork can be incorporated into the Mediterranean 
diet for an Australian population without adverse health effects. Further, a Mediterranean diet 
including 2-3 weekly servings of fresh, lean pork may be capable of improving blood pressure 
in overweight individuals, and processing speed in people at risk of cardiovascular disease, 
extending to potential reduced dementia risk. To build on these findings and establish the 
presence of other cardiovascular and cognitive benefits, further investigation is required with 
longer intervention periods.  
This research is relevant at a policy, clinical and individual level and provides valuable insight 
regarding the consumption of pork as part of a Mediterranean dietary pattern.  
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4. Application of Research  

Opportunities uncovered by the research 
To our knowledge, this is the first dietary intervention trial to test the feasibility of including 
fresh lean pork in a Mediterranean dietary pattern in a population of ‘at risk’ Australians. Few 
can argue that following a Mediterranean dietary pattern is healthy. Scientifically substantiated 
evidence demonstrates its health benefits in CVD and a range of other chronic diseases.  
 
We have provided evidence that fresh lean pork as part of a healthy Mediterranean diet can 
be maintained for at least 8-weeks in a population of ‘at risk’ individuals.  We have increased 
the overall quality of the diet by increasing the consumption of healthy fats, legumes, nuts and 
seeds and reduced intake of refined carbohydrates whilst including 2-3 serves of fresh lean 
pork weekly. This dietary compliance resulted in a small but not significant reduction in blood 
pressure and a significant but small improvement in cognitive processing speed.   
 
This is a great opportunity for the Pork CRC, as it will help strengthen the consumer perception 
of pork as a healthy meat choice. It shows that pork can be incorporated within healthy dietary 
patterns such as those required for the prevention of chronic disease, the management of 
cardiovascular risk factors and as a strategy for healthy eating for healthy ageing. Re-
educating consumers as well as dietitians and health care professionals on the health benefits 
of pork together with tips for preparing and cooking pork will surely boost consumption rates 
and sales for the pork industry. 
 
The US Department of Health and Human Services and US Department of Agriculture (USDA) 
have recommended the Mediterranean diet as one of three healthy dietary patterns in their 
2015–2020 Dietary Guidelines (www.health.gov/dietaryguidelines/2015/guidelines/). With the 
evidence for the Mediterranean diet and good health building in Western populations, 
particularly in Australia, the future revision of dietary guidelines in Australia is likely to see the 
Mediterranean diet feature favourably. In fact, Mediterranean diet principles are starting to 
appear in practice guidelines and nutrition pyramids.  For example, the Healthy Eating Pyramid 
from Nutrition Australia encourages a plant-based diet, consumption of healthy oils such as 
olive oil, moderate consumption of dairy foods and red meat and the use of herbs and spices 
in cooking (http://www.nutritionaustralia.org/national/resource/healthy-eating-pyramid).    
 

Impact of the research 
This project is scientifically important, as it will provide the pork industry, regulatory authorities 
and Australians with further evidence that the regular consumption of pork has no adverse 
effects on cardiovascular risk factors. In fact it can be used as part of a healthy Mediterranean 
dietary pattern to improve diet quality and potential have an impact on vascular health if it were 
studied in the long term. Australian Pork Limited together with the Pork CRC are the most 
appropriate organisations to deliver this evidence to producers, food industry, regulatory 
bodies and the consumers, through a targeted marketing campaign. This project has the 
potential to benefit all Australians.  The primary target group to benefit from this project is the 
majority of Australians who consume meat including pork. As in most other developed 
countries, Australia is experiencing an obesity epidemic; With obesity comes other risk factors 
for CVD and increased risk of dementia. This is an opportunity now for our regulatory bodies, 
food producers and distributors together with our scientific community, dietitians and other 
health professionals to counteract the cause of chronic disease through new information on 
healthy dietary patterns that are not only feasible, but palatable and sustainable in the long 
term and are substantiated through epidemiological data and rigorous trials.   
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Our research will continue to be promoted through a PhD thesis, conference presentations at 
national meetings and through peer reviewed scientific journals.  
 

5. Conclusion  

In summary, this study showed that the inclusion of 2-3 serves of fresh lean pork per week can 
be incorporated into a healthy Mediterranean dietary pattern without adverse effects on 
cardiovascular or cognitive health in a population of adults ‘at risk’ of CVD. We demonstrated 
the dietary pattern was easily followed for 8-weeks and resulted in improved processing speed. 
It had no impact on cardiometabolic health but there was a trend for reducing blood pressure. 
Longer studies with larger numbers of participants are required in ‘at-risk’ populations such as 
these to potentially demonstrate a cardiovascular benefit of a Mediterranean dietary pattern 
containing fresh lean pork.  
 

6. Limitations/Risks  

n/a 
 

7. Recommendations  

As a result of the outcomes in this study the following recommendations have been made: 
 
Marketing campaign and dissemination of results.  
To communicate these results to the general public as well as health care providers including 
nutritionists, dietitians, medical practitioners and diabetes educators, the food industry and 
producers, a marketing campaign using media like radio, television and newspapers will help 
disseminate results to help promote the safe and healthy use of pork.  Dissemination of results 
through publications will provide evidence for the NHMRC when revising dietary guidelines.  
 

Analyses of the gut microbiome samples from this intervention.  

The relationship between the gut microbiome and chronic disease is currently a novel research 
area. Little or no research has been published on the Mediterranean diet and impact on the 
gut microbiome; or comparing a Mediterranean diet with a low fat diet on gut microbiome profile 
or on the consumption of fresh lean pork and the gut microbiome. Over a trillion microbes 
reside in our gastrointestinal tract and are partly responsible for metabolic, immune and 
nutritional related functions of our body. The gut communicates with the brain liver and heart 
and a severe imbalance of good and bad microbes or dysbiosis, is associated with multiple 
disease states and play a role in chronic disease such as non-alcoholic fatty liver disease, 
diabetes, inflammatory bowel disease, depression and cardiovascular disease. Research to 
date shows that diet quality can impact the type of microbes in our gut. Specifically a Western 
diet, a more inflammatory diet, rich is saturated fats, added sugars, salt is associated with 
greater ‘bad’ gut microbes, whereas a plant based diet, a anti-inflammatory diet, such as the 
Mediterranean or a prudent diet, is associated with greater ‘good’ gut microbes.  Further, we 
know that the gut microbiome can be modified quite rapidly, as quickly as 24-hours following 
dietary change. Volunteers from our trial achieved high adherence to the Mediterranean diet 
which is likely to have influenced their gut microbiome profile. As we collected stool samples 
at the beginning and end of each diet, we recommend they be analysed. We hypothesise that 
we would find a healthy Mediterranean dietary pattern with 203 serves of fresh lean pork would 
favourable alter the gut microbiome profile. This would produce a publication and further 
evidence for health professionals and regulatory bodies to consider in practice and policy.  
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Appendices 

 

 
Figure Information 
 
Figure 1 
Title: 24-week cross-over design trial  
 
Figure 2 
Title: Schedule of enrolment, interventions, and assessment.  
Legend:  
*Bi-weekly 
Med diet, Mediterranean diet; LF, low-fat diet; BP, blood pressure; POMS, Profile of Mood 
States; SF-36, Short Form-36 Health Survey; WFR, weighed food record; CRP, C-reactive 
protein; RBCFA, red blood cell fatty acids 
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Appendix A: Guidelines for the MedPork intervention 
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Appendix B: Recommendations for including pork in the Mediterranean diet  
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Appendix C: Semi-quantitative weekly checklist to encourage adherence to the MedPork 

intervention  
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Appendix D: Guidelines for the Low Fat diet intervention
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Appendix E: Dietetic resource for reading food labels while following the Low Fat diet 

intervention 
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Appendix F: 9-item Low Fat diet adherence survey and 15-item Mediterranean diet 

adherence survey 
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