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Abstract

The Mediterranean diet offers a range of health benefits. However, previous studies indicate that the restricted consumption of red meat in the
diet may affect long-term sustainability in non-Mediterranean countries. A 24-week randomised controlled parallel cross-over design compared
a Mediterranean diet supplemented with 2-3 serves per week of fresh, lean pork (MedPork) with a low-fat control diet (LF). Thirty-three par-
ticipants at risk of CVD followed each intervention for 8 weeks, with an 8-week washout period separating interventions. The primary outcome
was home-measured systolic blood pressure. Secondary outcomes included diastolic blood pressure, fasting lipids, glucose, insulin, C-reactive
protein (CRP), body composition and dietary adherence. During the MedPork intervention, participants achieved high adherence to
dietary guidelines. Compared with the MedPork intervention, the LF intervention led to greater reductions in weight (A = —0-65; 95 % CI
—0-04, —1-25 kg, P=0-04), BMI (A =—0-25; 95 % CI —0-03, —0-47 kg/m? P=0-01) and waist circumference (A =—1-40; 95 % CI —0-45,
—2-34 ¢cm, P < 0-01). No significant differences were observed for blood pressure, lipids, glucose, insulin or CRP. These findings indicate that
Australians are capable of adhering to a Mediterranean diet with 2-3 weekly serves of fresh, lean pork. Larger intervention studies are now
required to demonstrate clinical efficacy of the diet in populations with elevated blood pressure.
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The Mediterranean diet is characterised by the high consumption
of extra virgin olive oil (EVOO), vegetables, fruits, grains,
legumes and nuts; moderate consumption of fish, poultry,
eggs, dairy products and red wine; and low consumption of
red meat and commercial sweets'’. The components of the
Mediterranean diet are rich in bioactive nutrients, including
MUFA and PUFA, 7-3 fatty acids, polyphenols, flavonoids, anti-
oxidants, fibre, and a range of vitamins and minerals.

Cross-sectional and longitudinal studies show that popula-
tions following a Mediterranean diet experience better
cardiovascular health and lower rates of CVD®. Randomised
controlled trials corroborate observational findings, reporting
improvements to blood pressure, blood vessel function, lipid
profiles, atherosclerosis, insulin sensitivity and risk of CVD
following adherence to a Mediterranean diet®4©,

Dietary guidelines in the USA have been revised to
include the Mediterranean diet as a healthy dietary pattern while
Nutrition — Australia their Healthy Eating
Pyramid to Mediterranean dietary  principles"”.
However, few studies have examined the feasibility of imple-
menting a Mediterranean diet in non-Mediterranean popula-
tions. Conducted in an older Australian population, the
Mediterranean diet for cognitive and cardiovascular health in
the elderly (MedLey) study examined cardiovascular and cogni-
tive effects of a Mediterranean diet, as well as dietary adherence
and compliance over 6 months. Participants achieved a high
level of Mediterranean diet adherence, as measured by a priori
adherence scores®. However, participants also reported that
adhering to the red meat restrictions was one of the most chal-
lenging aspects of following the diet.

have revised

reflect

Abbreviations: DBP, diastolic blood pressure; EVOO, extra virgin olive oil; LF, low-fat; MDS, Mediterranean diet score; MedPork, Mediterranean diet supple-
mented with pork; PREDIMED, Prevencion con Dieta Mediterranea; SBP, systolic blood pressure.
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Mediterranean dietary guidelines recommend consuming <2
serves of red meat per week'>!1, A traditional Mediterranean diet
includes 105 g, or 0-5-0-75 standard serves of meat and meat prod-
ucts per dV. This figure is inclusive of all processed and unproc-
essed red and white meat products. In contrast, Australians over
the age of 19 years consume an average of 184 g of meat per d,
or 1.7 serves of lean meats and alternates, with red meat contrib-
uting the largest proportion of this (38 %)!?. Australians are
amongst the highest consumers of meat in the world!¥.
Therefore, restricting red meat may be difficult. Countries with
comparatively high meat intakes, such as the USA and UK, may
experience similar challenges'. As socio-cultural norms and pal-
atability are key determinants of a dietary intervention’s sustain-
ability™, non-Mediterranean populations may be more likely to
adhere to a diet containing more red meat or meat protein.

Prospective studies indicate that red meat consumption may
be linked to poorer health outcomes, including bowel cancer
and CVD">. However, recent investigations suggest that the
presence of other dietary components, including oleic acid, vita-
min E and fibre, may attenuate the negative effects of red meat
consumption1¢1718),

In Australia, beef, veal and pork are the most frequently con-
sumed red meats"'?. Fresh lean beef and fresh lean pork have
similar nutrient profiles. However fresh lean pork contains less
saturated fat per 100 g. Therefore, pork may be a suitable addi-
tion to the Mediterranean diet, which is typically low in saturated
fat and haeme Fe sources”, Substituting beef and chicken with
pork also positively affects weight, BMI, percentage body fat, fat
mass and abdominal fat"”. Further, when compared with rumi-
nant meats such as beef, pork production is associated with sig-
nificantly less agricultural greenhouse gas emissions®”.

To our knowledge, no studies have investigated the cardio-
vascular effects of a Mediterranean diet with an increased intake
of lean red meat. Therefore, the present study aimed to evaluate
the cardiovascular effects of a Mediterranean diet supplemented
with fresh lean pork against a low-fat (LF) diet. An LF control diet
was chosen due to its continued recommendation for the clinical
management and reduction of cardiovascular risk®?. Further,
including an LF control would enable comparisons of our find-
ings with larger studies of the same design, such as the
Prevencion con Dieta Mediterrinea (PREDIMED) trial®?,

Methodology

The study protocol has been described in detail elsewhere®?.

Ethics and registration

This trial was registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12616001046493) on August 2016
and was conducted in accordance with the Declaration of
Helsinki. All procedures involving human participants were
approved by the University of South Australia Human Ethics
Committee (no. 35662).

Participants and recruitment

Volunteers aged between 45 and 80 years and at risk of
developing CVD were recruited between January and May 2017
via electronic and paper advertisements.

Volunteers were required to have systolic blood pressure
(SBP) above 120 mmHg and at least two other risk factors for
CVD, including a BMI > 25 kg/m?; elevated fasting total choles-
terol (>5-5 mmol/D, TAG (=>2-0 mmol/D), LDL (=3-5 mmol/]) or
low levels of HDL (<£0-9 mmol/] for men and <1-0 mmol/l for
women); impaired fasting glucose tolerance (between 6-1 and
7-8 mmol/D; and/or a family history (up to one generation) of
CVD or type 2 diabetes mellitus. Exclusion criteria included anti-
hypertensive medication; smoking; current CVD or angina; cur-
rent or recent (within 6 months) malignancies; respiratory
disease; gastrointestinal disease; kidney disease; a current diag-
nosis of type 2 diabetes mellitus; a current or previous traumatic
head or brain injury; a current neurological or psychiatric condi-
tion; antidepressant or anxiety medication; a current diagnosis of
Alzheimer’s disease or dementia; high adherence to a
Mediterranean diet indicated by a score of 10 or more, out of
a total possible fifteen points, assessed using a modified
Mediterranean diet adherence survey (described below); or sup-
plemental 7-3 fatty acids > 1000 mg daily.

Design

A 24-week parallel cross-over design trial compared a
Mediterranean diet intervention with 2-3 weekly serves of pork
(MedPork) with an LF control intervention. Each participant
completed both dietary interventions for 8 weeks and the two
intervention phases were separated by an 8-week washout
period (see Fig. 1). Using block randomisation and a block size
of 4, an independent staff member randomly assigned partici-
pants to their first dietary intervention (MedPork or LF), stratified
by sex and age. During the washout period, participants
returned to their habitual diet. An 8-week intervention period
was deemed adequate due to previous research, which indicates
that the nutrients contained within the Mediterranean diet can
improve both cardiovascular function over similar time peri-

O(jS( 24—26).

Dietary interventions

Neither diet restricted energy intake. Participants were advised
to consume foods ad libitum and self-regulate their food intake
according to individual hunger and satiety cues.

Low-fat diet. Guidelines for the LF diet were based on the
PREDIMED study®”. General guidelines were adapted from
the Australian Guide to Healthy Eating and the National Heart
Foundation Guidelines (2012)?%2%. Participants were advised
to make adjustments to their habitual diet in order to reduce total
fat intake. For example, participants were recommended to
replace high-fat foods, including all types of oil, butter, marga-
rine, processed and high-fat meats, nuts, chocolates, cakes, pas-
try, and high- or full-fat dairy products, with LF alternatives, such
as breads and cereals, legumes, rice, fruits and vegetables and LF
varieties (e.g. LF dairy products, LF sauces). Daily limits were set
for oil (£20 ml), butter and margarine (<2 teaspoons), and par-
ticipants were instructed to remove visible fat and skin from meat
and fish before cooking.

Mediterranean diet supplemented with pork. Guidelines for
the MedPork intervention were adapted from Estruch et al.%?
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Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) diagram illustrating flow of participants from recruitment through to study completion. Intention-to-treat
analysis is based on all participants with baseline data (n 33). DLQ, Diet and Lifestyle Questionnaire; MedPork, Mediterranean diet supplemented with pork.

for an Australian food supply and to include increased serves of *  2-3 weekly servings of fresh lean pork (1 serve =100 g
fresh lean pork: cooked)
e Minimum of one tablespoon (20 ml) of EVOO per d; * >3 weekly servings of fish and seafood (at least 1
¢ >2-3 daily servings of fresh fruit (1 serve = 150 g fresh, serving of oily fish) (1 serve =100 g cooked);

30 g dried, or one cup canned in natural juice); *  >5 weekly serving of raw or roasted nuts or seeds,

* >3 weekly servings of legumes (1 serve =75 g); without added salt, sugar or chocolate (1 serve =30 g;
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7-5 g hazelnuts, 15 g walnuts, 7-5 g almonds supplied for
each serve);

*  Ad libitum consumption of wholegrain cereal products
(bread, pasta, rice, cereal) and dairy products;

*  Ad libitum consumption of eggs, not to exceed 6 serves
per week (1 serve = approximately 70 g or 1 egg);

*  Select white meats (poultry without skin) instead of red
meats or processed meats;

*  Limit consumption of red and cured meat (remove all
visible fat) to <1 serve/week (1 serve of red meat/cured
ham =100 g);

* Limit consumption of chocolate to <1 serve/week
(1 serve of chocolate =50 g);

*  Use EVOO for cooking and dressing vegetables and
salad;

*  Cook regularly (at least twice a week) with a tomato-
based sauce (EVOO, tomato, garlic and onion);

* Dress vegetables, pasta, rice and other dishes with
EVOO, tomato, garlic and onion sauce;

*  Eliminate or limit the consumption of cream, butter,
margarine, cold meat, paté, duck, carbonated and/or
sugared beverages, pastries, commercial bakery prod-
ucts (cakes, doughnuts, cookies), desserts (puddings),
French fries, potato crisps, sweets; and

*  For usual drinkers, red wine is recommended as the
main source of alcohol with a maximum of two standard
drinks per d (200 ml = two standard drinks).*?

Participants were advised to consume pork in place of
chicken and red meat and ensure that total meat consumption
did not exceed 400 g (four serves) per week.

Notably, recommendations for EVOO differ from the original
PREDIMED guidelines, which advised participants to consume
>60 ml/d. This decision was made to increase acceptability
for an Australian population, where EVOO is consumed neither
habitually nor in abundance®. Although considerably lower
than recommendations from the PREDIMED trial, previous
research indicated that a
Mediterranean diet containing >1 tablespoon of EVOO per d
is capable of improving cardiovascular outcomes,

To assist with adherence, the following foods were provided
each week: 375 ml EVOO (donated by Cobram Estate); 250 g of
fresh lean pork; 150 g raw, unsalted almonds (donated by
Almond Board of Australia), walnuts and hazelnuts; 225 g (net
weight) of canned chickpeas, red kidney beans, four-bean
mix and lentils (donated by Simplot Australia Pty Ltd); 95 g of
canned tuna; and 95 g of canned salmon (donated by Simplot
Australia Pty Ltd).

Dietetic counselling. For the Mediterranean diet and LF diets,
participants were provided with a set of dietary resources as
described by Wade et al*®. Throughout each intervention
phase, participants attended fortnightly dietetic visits to discuss
progress, food intake, challenges and any adverse effects.
Dietetic visits also included weight measurement to determine
body mass, weight loss or weight gain.

conducted in Australia has

Outcome measures

Home blood pressure. Home-measured SBP was the primary
outcome measure. Participants received training on self-

administered blood pressure measurement and were provided
with a clinically validated A&D Company Ltd digital blood pres-
sure monitor (model UA-767). Participants were instructed to
take three blood pressure measurements, with a 1-min rest
period in between each reading, every morning, afternoon
and evening for a period of 6 d.

Secondary outcome measures. Over the four assessment time
points, home-measured diastolic blood pressure (DBP) and
heart rate, clinic blood pressure and heart rate, BMI, waist:hip
ratio, body composition, fasting blood lipids, C-reactive protein,
fasting plasma glucose, fasting serum insulin, dietary adherence
and nutrient intake were secondary outcomes.

Dietary adberence. A fiteen-item MedPork adherence survey
and a nine-item LF diet adherence survey were administered to
participants fortnightly to capture generalised patterns of food
consumption during each of the intervention phases. Surveys
were adapted from the Mediterranean diet and LF questionnaires
used in the PREDIMED study®”. The scoring of the
Mediterranean diet survey was modified to reflect our
MedPork guidelines developed for an Australian population as
outlined above. Specifically, consumption of >1 tablespoon of
EVOO was awarded 1 point in the present study, as compared
with the necessary >4 tablespoons in the PREDIMED design. An
item relating to fresh pork consumption was also included to
reflect the MedPork intervention. See Supplementary material S1
for surveys and scoring. During the MedPork intervention,
participants also completed a semi-quantitative weekly checklist
(described above). In line with the study protocol, participants
required to achieve a minimum of 75 % adherence on the
MedPork and LF surveys each fortnight.

Adherence to the Mediterranean diet was also calculated
using the Mediterranean diet score (MDS), developed by
Trichopoulou et al. 3. The MDS was applied to dietary data from
3-d weighed food records completed by participants before and
at the end of each intervention phase.

Procedure

Participants attended a prebaseline appointment at the Sansom
Institute for Health Research Clinical Trial Facility (SIHR CTF)
where the study was explained, and informed consent was
obtained by study personnel. Instructions and equipment were
given for the collection of home measures, including blood
pressure and weighed food records. Participants then returned
1 week later for week 0 assessments.

Clinic assessment visits took place at baseline of the first diet
(week 0), at the end of the first diet (week 8), at baseline of the sec-
ond diet, after the 8-week washout period (week 16) and at the end
of the second diet (week 24). Data for home measures were col-
lected by participants in the week prior to each of these visits.

Volunteers were instructed to continue any habitual exercise
and medications for the duration of the trial. Changes to exercise
and medications were monitored and recorded at fortnightly
dietetic visits and clinic assessment visits by the investigators.

Statistical analysis

Statistical analyses were conducted using SPSS for Windows,
version 21.0 (SPSS Inc.) and Stata (version 14.2, StataCorp).
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Weighed food records were entered into Foodworks
Professional software (version 9.0, Xyris Software) to calculate
food group and nutrient values. Serve sizes are based on recom-
mendations from the Australian Guide to Healthy Eating®®.

Data are presented as means and standard deviations or stan-
dard errors for descriptive statistics and as means and 95 % CI for
estimated effects. All tests are two-tailed with P < 0-05 deemed
statistically significant. Residuals were screened for normality
and variables were transformed if necessary.

Based on power calculations, a sample size of thirty-one
volunteers was required to detect a clinically relevant differ-
ence of 25 mmHg in home blood pressure, the primary out-
come measure, with power of 90 %. This calculation assumes
a total of fifty-four blood pressure readings (three readings
taken three times per d for 6 d) at each time point, a within-
group sb of 14 mmHg, a within-subject repeated measures cor-
relation of 70-6 and a between-phase within-subject correlation
of p=0-5. The correlation (p) and use of a cross-over design
reduce the number of required participants required for a par-
allel group design by a factor of 1/(1 — p)/2 =42, that is, from
approximately 124 subjects for a parallel group design using
ANCOVA with adjustment for baseline (n 62 per group) to
thirty-one subjects in total.

Linear mixed-effects models were used to compare the
effects of the two treatments. The period of intervention (first
v. second), the order in which dietary interventions were given
(LF first v. MedPork first), the visit (baseline . week 8) and an
interaction term for treatment X visit were included in the model
as fixed effects, while subjects were included as random effects.
Differences in effects between treatments were assessed using
the estimated marginal mean differences in week-8 values
between treatments and the associated P values. We also inves-
tigated possible period effects and carryover effects using treat-
ment X visit X period and visit X period interaction terms,
respectively. Where significant these terms were also included
in the model. As change in weight might potentially influence
the treatment effects, weight at each time point was included
as a covariate for all cardiometabolic outcomes, excluding mea-
sures of body composition and adiposity. Intention to treat
analyses was performed by including all participants with base-
line data (n2 33). Missing data were estimated by relying on the
best linear unbiased predictions in each mixed model.
Difference in change between interventions (i.e. the difference
between week 0 and week 8 following the MedPork intervention
v. the difference between week 0 and week 8 following the LF
intervention) is presented as the ‘estimated mean difference
between interventions (MedPork v. LF)’. Positive values indicate
an increase following the MedPork intervention and negative val-
ues indicate a decrease following the MedPork intervention. For
log-transformed data, the difference between interventions is pre-
sented as the rate ratio change in the geometric mean.

Since obesity leads to increaseds blood pressure and a sub-
sequent risk of the metabolic syndrome and CVD®? we con-
ducted post boc sub-group analyses for home-measured blood
pressure and cardiometabolic outcomes, grouping participants
into overweight (BMI >25-<30 kg/mz; n 17) and obese
(BMI > 30 kg/mz; n 14) categories. Participants with a BMI <
25 kg/m2 (n 2) were excluded from this analysis.

Table 1. Demographic and clinical characteristics of the study sample at
baseline, according to first dietary intervention*
(Mean values and standard deviations; numbers and percentages)

Group 1 Group 2
Total (n 33) (n15) (n18)
Mean sp Mean spo Mean sp
Age (years) 610 71 602 87 616 57
Sex
Males
n 10 6 4
% 303 40-0 222
Females
n 23 9 14
% 697 60-0 77-8
Education (years) 167 44 157 35 175 4.9
Home SBP average (mmHg) 1289 121 1292 14.0 1285 104

Home DBP average (mmHg) 76-1 85 747 90 774 81

Home HR average (bpm) 710 70 719 78 701 6-2
Insulin (mU/1) 107 52 100 45 112 57
Glucose (mmol/l) 54 06 53 06 54 0-6
Total cholesterol (mmol/l) 58 09 59 08 56 10
Weight (kg) 851 177 878 173 827 182
BMI (kg/m?) 306 51 316 57 298 4.6

SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate;
bpm, beats per min; MedPork, Mediterranean diet supplemented with pork.

* Group 1 received the MedPork intervention first; group 2 received the low-fat
intervention first.

Previous studies have indicated that blood pressure readings
taken on the first day of home blood pressure measurement may
be higher than subsequent days. Daily averages were computed
for each of the 6 d of home-measured SBP at week 0 (baseline)
for each period. Paired samples ¢ tests were conducted to com-
pare day 1 with all other days. No significant differences were
detected at P < 0-05 and therefore day 1 of SBP readings were
retained in the analysis. Averages were also computed for the
first, second and third readings of each day at week 0. Paired
sampled ¢ tests revealed significant differences for first readings
as compared with second and third readings. The first reading for
each day was therefore excluded from the analysis.

Results

A total of thirty-five participants were randomised. Baseline data
were collected for thirty-three participants, who formed the
modified intention-to-treat population. A total of thirty-one par-
ticipants completed the two dietary interventions.

Results are based on the modified intention to treat
population (7 33). Participants were randomly allocated to their
starting dietary intervention. Group 1 (n 15) completed the
MedPork intervention in period 1 and the LF intervention in
period 2; group 2 (n 18) completed the LF intervention in
period 1 and the MedPork intervention in period 2. Baseline
characteristics of each group are presented in Table 1. No
significant differences were detected between groups for
demographic or cardiometabolic outcomes.

Fig. 1 illustrates the consort flow of the study, indicating
time of withdrawals. Of the thirty-three subjects, one participant
withdrew during the MedPork intervention in the first period and
one participant withdrew during the washout period, prior to
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Mediterranean diet score
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Fig. 2. Adherence to the Mediterranean diet before and during the MedPork (—)
and low-fat (LF; ) interventions, according to the Mediterranean diet score
developed by Trichopoulou et al.®"). Mediterranean diet adherence increased
from 4-7 to 6-6 by the end of the MedPork intervention and remained at 4-4
throughout the LF intervention. Data are means, with standard deviations rep-
resented by vertical bars.

commencing the LF intervention. Reasons for withdrawal
included competing commitments (72 1) and illness preventing
adherence to dietary intervention (72 1).

Period and carryover effects

A period effect for treatment (significant treatment X visit X period
interaction) was detected for home-measured morning DBP,
total cholesterol and HDL. Possible carryover effects (significant
visit X period interaction) were detected for clinic DBP and LDL.

Dietary adherence and nutrient intake

Throughout both dietary interventions, all participants met the
minimum requirement of 75 % dietary adherence. No partici-
pants were excluded from the study for failure to meet
MedPork dietary guidelines.

The average LF adherence score achieved across the four
fortnights of the LF intervention was 8-4 + 1-1 out of a maximum
of 9 points (93-3 % compliance).

The average MedPork adherence score during the MedPork
intervention was 13-5 + 1-7 out of 15 (90 % compliance), repre-
senting an increase of 7-5 points from screening. According to
the Trichopoulou et al. MDS®Y mean Mediterranean diet adher-
ence increased from 4-7 (sp 1-8) to 6-6 (sp 1-3) out of 9 during the
MedPork intervention and remained at 4-4 (sp 1-7) during the LF
intervention (Fig. 2).

Nutrient and food group intakes across both intervention peri-
ods are presented in Table 2. According to weighed food records
and fortnightly checklists, mean fresh pork intake increased from
0-09 (st 0-1) serves per d to 0-44 (st 0-1) serves per d (approxi-
mately 3 serves per week) during the MedPork intervention
and decreased from 0-16 (s£ 0-3) serves per d to 0-13 (se 0-2) serves
per d during the LF intervention (P < 0-001) (Table 2).

After 8 weeks, compared with the LF intervention, 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 < 0-00D). The LF intervention led to significantly higher intake

of % energy from protein (P < 0-01) and carbohydrates
(P < 0-00D). The MedPork intervention led to significantly lower
consumption of refined grains (P < 0-01), and higher consump-
tion 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).

The MedPork intervention led to significantly higher con-
sumption of vitamin E (P < 0-001), linoleic acid (P < 0-001)
and a-linolenic acid (P < 0-001). The LF intervention led to sig-
nificantly higher intake of total folate (P < 0-01). No other signifi-
cant differences were observed across nutrients.

Home-measured blood pressure

Results for home-measured blood pressure are presented in
Table 3. For participants who completed blood pressure mea-
surements at all time points (72 31), an average of 49/54 measures
were taken, indicating 90 % compliance with instruction.

There was no difference in the changes to home SBP or DBP
between the MedPork and LF diets for morning, afternoon, eve-
ning and average blood pressure (mmHg) or heart rate (beats
per min) measurements. Similar trends were observed for SBP
(mmHg) for both the MedPork and LF intervention, where morn-
ing, afternoon and average blood pressure decreased between
baseline and week 8.

Secondary outcomes

Results for secondary cardiometabolic outcomes are presented
in Table 4. The LF intervention led to significantly greater reduc-
tions in weight (kg) (P =0-04), BMI (kg/mz) (P=0-01), waist cir-
cumference (cm) (P < 0-0D) and fat mass (kg) (P=0-04)
compared with MedPork. No significant differences between
diets were observed for clinic measures of SBP, DBP (mmHg)
or heart rate (beats per min), insulin, glucose, C-reactive protein,
total cholesterol, total TAG, HDL, LDL (mmol/l) or total
cholesterol:HDL.

Sub-group analyses

Sub-group analyses are presented in Table 5. In the overweight
group, average home SBP (mmHg) was reduced more in the
MedPork intervention compared with the LF intervention
(P=0-01). In contrast, in the obese group, average home
SBP (mmHg) was reduced more in the LF intervention compared
with the MedPork intervention (P < 0-001).

The MedPork intervention increased average home DBP
(mmHg) more than the LF intervention in the overweight group
(P < 0-01). There was no difference between interventions for
average home DBP in the obese group.

Consistent with the changes in home SBP and home DBP, the
MedPork led to a greater reduction in pulse pressure in the over-
weight group (P < 0-01), while the LF intervention led to a greater
reduction in pulse pressure (mmHg) in the obese group (P < 0-001).

Discussion

The present study examined the cardiovascular effects of includ-
ing 2-3 serves per week of fresh lean pork as a part of a

ssaud Aissanun abpliquied Aq auluo paysiiand 891 1006151 L£000S/210L°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114519001168

o

British Journal of Nutrition

Cardiovascular findings from the MedPork trial 879
Table 2. Energy and nutrient intakes at baseline and week 8, including between-group differences
(Mean values with their standard errors; mean differences and 95 % confidence intervals)
MedPork diet (n 33) LF diet (n 33) Estimated difference
between interventions
Baseline Week 8 Baseline Week 8 (MedPork v. LF)*t
Nutrients Mean SE Mean SE Mean SE Mean SE Mean 95 % ClI Pt
Energy (MJ) 8:96 0-33 833 0-33 9-00 0-33 7-86 0-34 0-47 -0-32, 127 0-24
% Energy from protein 18-40 0-65 19.71 0-67 19-45 0-66 2221 0-68 -2.51 -4.10, 0-91 <0-01
% Energy from total fat 34-08 1.25 36-84 0-67 34-59 1.27 27-52 1.31 9-32 5.91,12.74  <0-001
% Energy from SFA 12.07 0.57 9-18 0-58 12.24 0.57 9.23 0-59 —-0-05 -1-41, 1-31 0-94
% Energy from PUFA 541 0-34 761 0-35 5.53 0-35 5.05 0-36 2.56 1-61, 3-51 <0-001
% Energy from MUFA 13-89 076 17.37 079 1416 077 10-68 0-80 6-69 4.55, 883 <0-001
MUFA:SFAt 1.24 0-09 1.99 0-09 119 0-09 118 0-09 1-69 146, 1.95 <0-001
% Energy from carbohydrates 39-50 1.37 35-23 1.37 38-59 1.35 41.23 1.39 —6-00 -9.22, -2.79  <0-001
% Energy from alcohol 4.41 0-81 345 0-82 3-54 0-82 3:99 0-83 -0-55 -1.75, 0-65 0-37
Cholesterol (mg/MJ)+ 3776 340 33.64 348 43.57 344 38.97 358 0-82- 0-68, 1-01 0-06
Fibre (g/MJ) 3.03 019 398 019 3-06 019 384 0-20 014 -0-31, 0-59 0-54
Vit C (mg/MJ)t 11.34 0-39 21.53 1.56 12.53 1.51 17-26 1.58 0-81 0-96, 1-59 0-10
Vit E (mg/MJ)t 1-64 0-11 214 012 147 012 1-40 0-12 1.57 1-33, 1-85 <0-001
Total vit A equiv. (pg/MJ)t 112.80 1259 13377 12.04 11991 1275 12306 13.07 0-99 0-79, 1-25 0-96
Total folate (pg/MJ) 61-65 356 68-28 368 63.94 363 81-11 374 -12.83 -21.57, 4-09 <0-01
p-Carotene equiv. (pg/MJ)t 489-23 7472 673445 7736 51314 7566 581.35 77.51 113 0-83, 1-54 0-45
Na (mg/MJ) 280-09 1528 24315 1551 31564 1526 28393 1580 -40-78 —-82-36, 0-79 0-06
Ca (mg/MJ) 103-65 6-53 112.04 075 10887 661 12225 676 —10-21 —23.76, 3-33 0-14
Fe (mg/MJ)t 1-48 0-07 1.48 0.07 1-39 0-07 1-63 0-07 0-93 0-82, 1-05 0-21
Zn (mg/MJ) 1.32 0-06 1.27 0-06 1-30 0-06 1-40 0-06 -0-12 —-0-26, 0-01 0.07
Linoleic acid (g/MJ) 118 0-08 1-69 0-08 1.23 0-08 111 0-09 0-59 0-36, 0-81 <0-001
a-Linolenic acid (g/MJ)t 017 0-01 0-23 0-02 0-16 0-02 016 0-02 1-49 119, 1-86 <0-001
Serves/d
Wholegrainst 214 0-26 2:44 0-27 1.70 0-26 2.03 0-27 1-49 0-88, 2.54 0-14
Refined grainst 361 0-37 1.96 0-38 3-84 0-38 345 0-38 0-65 0-49, 0-85 <0-01
Fruits 1-30 017 2:20 018 1.57 018 1.74 0-18 0-46 0-05, 0-86 0-03
Vegetablest 4.39 0-60 583 0-62 366 0-61 5.02 0-64 1.25 0-95, 1-62 0-10
Legumest 0-19 0-09 0-63 0-09 0-23 0-09 0-35 0-09 1.90 119, 3-04 <0-01
Meat/meat alternatives 271 019 343 0-20 2:95 0-20 2:62 0-20 0-81 0-34,1.27 <0-001
Red meatt 0-64 013 0-85 013 0-78 013 0-71 0-13 1-09 0-95, 1-25 0-24
Fresh porkt 0-09 0-05 044 0-06 0-16 0-05 013 0-05 113 106, 1-20 <0-001
Seafoodt 0-38 0-08 0-64 0-08 0-30 0-08 0-39 0-08 119 1.05, 1-36 <0-01
Nuts and seedst 047 0-08 0-96 0-08 0-50 0-08 022 0-08 1-61 1-42,1.84 <0-001
Total dairy productst 1-80 0-20 1-60 0-20 1.92 0-20 1.93 0-20 0-85 0-64, 1-11 0-23
EVOO (teaspoons/d)t 114 0-39 4.51 0-39 115 0-39 0-68 0-39 283 220, 3-65 <0-001
Serves/d per MJ
Wholegrains 0-24 0-03 0-31 0-03 0-19 0-03 027 0-03 0-04 -0-03, 0-12 0-26
Refined grainst 0-40 0-04 0-23 0-04 0-43 0-04 043 0-03 0-87 0-82, 0-93 <0-001
Fruits 0-15 0-02 028 0-02 0-18 0-02 0-24 0-02 0-04 —-0-01, 0-08 013
Vegetablest 0-49 0-06 071 0-06 0-43 0-06 0-58 0-07 121 0-94, 1.57 0-10
Legumest 0-02 0-01 0-08 0-01 0-02 0-01 0-04 0-01 1-03 1-01, 1-06 <0-01
Meat/meat alternatives 0-30 0-02 042 0-02 0-33 0-02 0-34 0-02 0-08 0-03, 0-13 <0-01
Red meatt 0-08 0-02 010 0-02 0-08 0-02 0-09 0-02 1-01 0-98, 1.04 0-41
Fresh porkt 0-01 0-01 0-06 0-01 0-02 0-01 0-02 0-01 1.04 1.02, 1-06 <0-001
Seafoodt 0-04 0-01 0-08 0-01 0-04 0-01 0-04 0-01 1.03 1.01, 1-05 <0-01
Nuts and seeds 0-05 0-01 012 0-01 0-06 0-01 0-03 0-01 0-09 0-06, 0-11 <0-001
Total dairy products 0-19 0-02 019 0-02 0-22 0-02 025 0-02 —-0-06 -0-09, -0-02  <0-01
EVOO (teaspoons/d per MJ)t 013 0-05 0.57 0-05 0-15 05 0-10 0-05 1-39 1.28, 1-51 <0-001

MedPork, Mediterranean diet supplemented with pork; LF, low-fat; vit, vitamin; equiv., equivalents.

* Estimated 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 (excluding weight-related variables).

1 Transformed variable: observed mean and standard error are presented together with rate ratio change in the geometric mean and associated P value.

1 Adjusted for differences between treatments.

Mediterranean dietary pattern for use in Australia. During the
MedPork intervention, participants achieved a high level of
adherence to MedPork dietary guidelines. The LF intervention
led to greater reductions in weight, waist circumference and
fat mass. Reductions were observed in morning, afternoon
and average SBP following both the MedPork and LF interven-
tions. However, no significant differences were detected
between the MedPork and LF interventions for measures of

cardiometabolic health, including home and clinic blood pres-
sures, cholesterol, C-reactive protein, insulin and glucose.

Our cardiovascular findings differ from previous studies
comparing the Mediterranean diet with the LF diet. A recent
meta-analysis reported that Mediterranean diet interventions
of at least 1-year duration effectively reduce both SBP and
DBP®?, Notably, pooled analysis across six studies revealed a
relatively small effect size. It is possible that the addition of pork
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Table 3. Home blood pressure at baseline and week 8, including between-group differences
(Mean values with their standard errors; mean differences and 95 % confidence intervals)

MedPork diet (n 33) LF diet (n 33) Estimated difference
between interventions
Baseline Week 8 Baseline Week 8 (MedPork v. LF)*

Mean SE Mean SE Mean SE Mean SE Mean 95 % ClI Pt
SBP morning (mmHg) 126-99 1.77 126-02 1.77 125-91 1.78 124-81 1.78 1.21 —-0-12, 2.54 0-07
SBP afternoon (mmHg) 129-62 1.66 126-53 1.66 128-06 0-67 126-91 1-66 —-0-38 -1.81, 1.05 0-60
SBP evening (mmHg) 126-61 1.71 127-43 1.70 12723 1.72 127-55 1.71 -0-12 —1.54,1.31 0-87
SBP average (mmHg) 128-46 1.59 126-62 1.58 127-09 1.59 126-42 1.59 0-20 —-0-66, 1-06 0-64
DBP morning (mmHg) 7691 129 77-09 1.29 77-16 1.29 77-43 1.29 —-0-34 -1.23, 0-55 0-45
DBP afternoon (mmHg) 7583 124 76-38 1.24 7563 1.25 7619 1.24 0-19 —-0-80, 1-17 0-71
DBP evening (mmHg) 73.92 1.31 76-24 1-31 74-51 1.32 7576 1-31 0-48 —-0-50, 1-46 0-34
DBP average (mmHg) 7572 1.22 7672 1.22 75-89 1.22 76-53 0-22 0-19 —-0-39, 0-76 0.52
PP morning (mmHg) 49.81 1.58 48-49 1.57 48-57 1.58 47.22 1.58 1-26 —0-06, 2:58 0-06
PP afternoon (mmHg) 5373 1.54 50-44 1.54 52.49 1.55 50-66 1.54 -0-22 -1.56, 1-12 0-75
PP evening (mmHg) 54.-89 1.55 51.43 1.55 52.74 1.56 5179 1.56 -0-36 -1.65, 0-93 0-59
PP average (mmHg) 52-84 1.48 50.-05 1.47 51.25 148 4988 148 017 —-0-63, 0-97 0-68
HR morning (bpm) 67-55 1.27 66-66 1.27 66-22 1.27 66-57 1.27 0-10 —-0-73, 0-92 0-81
HR afternoon (bpm) 7165 1-26 70-95 1.26 71-33 1.27 70.73 1.26 0-21 —0-86, 1-28 0-70
HR evening (bpm) 73.01 114 70-56 114 70-27 115 70-05 114 0-51 -0-51, 1.52 0-32
HR average (bpm) 70-25 1.51 69-20 0-51 68-81 0-51 69-03 1.51 017 —-0-45, 0-79 0-60

MedPork, Mediterranean diet supplemented with pork; LF, low-fat; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; HR, heart rate; bpm, beats per min.
* Estimated 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.

1 Adjusted for differences between treatments.

Table 4. Clinic measures at baseline and week 8, including between-group differences
(Mean values with their standard errors; mean differences and 95 % confidence intervals)

MedPork diet (n 33) LF diet (n 33) Estimated difference
between interventions
Baseline Week 8 Baseline Week 8 (MedPork v. LF)*
Mean SE Mean SE Mean SE Mean SE Mean 95 % ClI Pt
SBP clinic (mmHg) 134-81 2:60 129.75 2.62 128.45 2-64 127.22 2-64 2.53 —-1.63, 6-68 0-23
DBP clinic (mmHg) 8491 1.57 83.23 1.58 84.04 1-59 83.77 1-59 -0-53 —-2:90, 1-84 0-66
HR clinic (bpm) 65-92 1.44 65-57 1.45 67-12 1.47 64-86 1.47 0-71 -1-89, 3-32 0-59
Insulin (mU/1)t 10-66 0-90 12.07 0-90 10-74 0.92 10-56 091 1.07 095, 1-20 0-26
Glucose (mmol/l) 526 012 528 012 5.32 012 521 012 0-01 —-0-09, 0-11 0-38
CRP (mg/l)t 1-99 0-33 2:09 0-33 2:26 0-34 211 0-34 1-03 0-82, 1-30 079
Total TAG (mmol/l)t 1-51 0-11 1.50 0-11 1.49 0-11 1.54 0-11 0-94 0-86, 1-04 0-22
Total chol (mmol/l) 5.74 1.44 542 1.45 571 1-45 5-49 1-45 -0-07 -0-26, 0-12 047
HDL (mmol/l) 1.56 0-06 1.47 0-06 1.55 0-06 1.47 0-06 0-01 —-0-06, 0-07 087
LDL (mmol/l) 3-46 013 324 013 345 013 332 013 -0-07 —-0-23, 0-08 0-36
Chol:HDL ratiot 383 0-16 381 0-16 384 0-16 387 0-16 1.00 0-96, 1-04 0-85
Weight (kg) 84-33 291 83-08 291 84-26 291 82:43 291 0-65 0-04, 1-25 0-04
BMI (kg/m?)t 30-40 0-84 29-94 0-84 30-35 0-84 29-69 0-84 1.02 1.00, 1-02 0-01
Waist circumference (cm) 99.51 215 98-73 215 9953 215 97-33 215 1-40 045, 2.34 <0-01
Hip circumference (cm) 109-61 2.06 108-17 2.06 109-76 2.06 108-12 2.06 0-05 -0-72, 0-81 0-90
Fat mass (%) 4211 1-48 41-69 1.47 43-02 1-48 41.35 1-48 0-34 -0-70, 1-37 0-52
Lean mass (%) 55-99 1.36 56-37 1--36 55-88 1.36 56-81 1.36 -0-44 —-0-92, 0-05 0-08
Fat mass (kg)t 34-88 1.92 34.04 1.92 34.92 1.92 33.46 1.92 1.02 1-00, 1-04 0-04
Lean mass (kg)t 47.21 1.85 46-81 1.85 4713 1.85 46-81 1.85 1.01 0-96, 1-01 0-29
Abdominal fat (kg) 340 0-21 329 0-21 3-39 0-22 3-28 0-22 0-01 -0-11, 0-13 0-87

MedPork, Mediterranean diet supplemented with pork; LF, low-fat, SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; CRP, C-reactive protein;

chol, cholesterol.

* Estimated 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 (excluding weight-related variables).

1 Transformed variable: observed mean and standard error are presented together with rate ratio change in the geometric mean and associated P value.

1 Adjusted for differences between treatments.

to the Mediterranean diet displaced other bioactive ingredients may have limited our capacity to observe significant improve-
and diluted these effects. Alternatively, the 8-week MedPork ments in secondary markers of cardiometabolic health, such
intervention may not have been long enough to elicit significant as cholesterol, glucose and insulin, as seen in longer intervention

changes in blood pressure. Similarly, an 8-week intervention trials®.
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Table 5. Subgroup analysis: average systolic blood pressure (SBP), diastolic blood pressure (DBP) and pulse pressure at baseline and week 8, including
between-group differences, in overweight (BMI < 30 kg/m?) and obese (BMI > 30 kg/m?) participants
(Mean values with their standard errors; mean differences and 95 % confidence intervals)

MedPork diet LF diet Estimated difference
between interventions
Baseline Week 8 Baseline Week 8 (MedPork v. LF)*
Mean SE Mean SE Mean SE Mean SE Mean 95 % Cl Pt

SBP average

Overweight (n 17) 127-51 1.87 124-39 1.86 126-37 1-88 125-95 1-88 —1.56 -2.77, -0-34 0-01

Obese (n 14) 13271 240 132.22 238 131.35 2.38 128-54 2.36 268 1.25, 4-10 <0-001
DBP average

Overweight (n 17) 73-49 1.36 75-24 1-36 7382 1.37 74.02 1-36 1.22 0-45, 1-98 <0-01

Obese (n 14) 80-50 2:04 80-67 2.02 80-35 2.04 81-59 2.03 -0-92 -1.87, 0-03 0-06
Pulse pressure average

Overweight (n 17) 57.71 281 50-75 2.81 54.68 2-89 52.96 2-89 -2.21 —-3:55, —0-88 <0-01

Obese (n 14) 53-66 264 53-63 2.56 5284 2.59 4828 2.55 5.36 371, 7-00 <0-001

MedPork, Mediterranean diet supplemented with pork; LF, low-fat.

* Estimated 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.
1 Adjusted for differences between treatments.

The comparable changes in blood pressure may be partly
explained by improvements to overall diet quality. Both the
MedPork and LF intervention led to increased consumption of
wholegrains, vegetables, fruit and fibre, and reduced intake of
saturated fat. Notably, recent systematic reviews have reported
that replacing SFA with MUFA, PUFA or high-quality carbohy-
drates has similarly beneficial effects on blood pressure and risk
of cardiovascular events®>3®, The LF intervention also led to
significant improvements in measures of body composition.
This is likely due to significant reductions in fat intake.
However, reductions in weight, BMI, waist circumference and
fat mass did not translate to improvements across other markers
of cardiovascular health. While changes may have been
observed over a longer intervention, previous research, includ-
ing the PREDIMED trial, indicates that the LF diet is unsustainable
and difficult to follow over extended periods of time®?”.

Our sub-group analyses revealed a significant effect of the
MedPork intervention for average home SBP in overweight par-
ticipants. In contrast, the LF intervention led to a decrease in
average home SBP in obese participants. Corresponding with
these reductions in SBP were increased DBP: the MedPork inter-
vention led to an increase in DBP in the overweight group, while
the LF intervention led to an increased DBP in the obese group.
By reducing the difference between SBP and DBP, the MedPork
diet led to significant improvements in pulse pressure for over-
weight participants. Likewise, the LF intervention led to signifi-
cant improvements in pulse pressure for obese participants.
These findings indicate that the MedPork intervention may
improve vascular haemodynamics in overweight individuals,
individuals may further
intervention, such as energy restriction with targeted weight loss,

while obese require dietetic
to achieve similar results. However, these findings should be
interpreted with caution due to the small sample size of over-
weight and obese individuals included in the analysis.

It is important to acknowledge the following limitations. As
mentioned above, the present study was limited in duration,
comparing two 8-week interventions. Although similar nutri-

tional interventions have elicited cardiovascular change over

comparable time periods, a longer intervention may have led
to stronger results. Our selection criteria were developed to
identify individuals at risk of CVD. This included individuals with
a minimum SBP of 120 mmHg. However, higher blood pressure
values may have been more responsive to our intervention. It is
also important to note modifications made to the Mediterranean
diet, which may have influenced our results. Firstly, the addition
of pork increased red meat consumption. Although the change
was not significant, higher red meat intake is not characteristic of
a traditional Mediterranean diet”. Fresh lean pork was included
to assist with compliance and to provide an alternative meat
source to beef, Australia’s main source of red meat. This choice
was also supported by a study conducted by our research group,
which found that replacing chicken with pork has positive
cardiometabolic outcomes'”. Notwithstanding, the MedPork
intervention aimed to reduce total meat intake and promote
consumption of meat alternatives. In Australia, average meat
consumption is 800 g/week"?. During the MedPork interven-
tion, participants were advised to consume no more than
400 g/week. Participants were also monitored to ensure they
consistently consumed legumes, seafood, and nuts and seeds,
along with other traditional components of the diet. The present
study also modified EVOO recommendations to suit an
Australian population. Although our guidelines were lower than
traditional values, participants increased their EVOO consump-
tion (teaspoons/MJ) 5-fold between baseline and week 8.
Consistent with the adoption of Mediterranean dietary princi-
ples, participants significantly increased MUFA intake and
improved MUFA:SFA ratio. Further, at week 8 of the MedPork
intervention, macronutrient ratios were consistent with that of
a Mediterranean diet (approximately 40 % energy from fat,
approximately 40 % energy from carbohydrates and approxi-
mately 20 % energy from protein). The shift in dietary intake
was captured by the MDS and MedPork adherence score.
Interestingly, the MDS increased by 2 points between baseline
and week 8, while the MedPork adherence score increased by
7-5 points. This difference is probably due to the information
captured by each score: the MDS is based on actual dietary
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intake, measured in grams, while the MedPork adherence score
assesses overall adherence to dietary principles. Further, the
MDS penalises meat consumption, while the MedPork adher-
ence score was tailored to accommodate the inclusion of pork.

With regard to study design, the provision of study foods dur-
ing the MedPork intervention probably contributed to the level
of adherence to the intervention and may limit generalisability.
The design of the LF intervention may not reflect current LF
dietary recommendations in Australia. Since the study’s concep-
tions, dietary guidelines for heart health have been updated and
now include advice to consume healthy fats from nuts, seeds,
fish and olive 0il®”. In light of these limitations, future investiga-
tions should consider clinical populations, higher consumption
of EVOO, longer time periods, feasibility of adherence without
the provision of food supplies and a control that is reflective of
current dietary habits in Australia.

Toreduce the burden of CVD, health and lifestyle interventions
with the potential to mitigate multiple risk factors have been rec-
ommended above reactive, costly treatments®®3, Interventions
like the Mediterranean diet may be effective in reducing incidence
and prevalence of CVD. However, it is necessary to ensure that
such interventions are suitable for the target population. The
present study employed a rigorous design to evaluate the cardio-
vascular effects of a modified Mediterranean diet developed for an
Australian population.

Both the MedPork and LF interventions led to similar
improvements across blood pressure measures. This indicates
that the MedPork intervention has a similar cardiovascular risk
profile to an LF diet and can be adhered to by an Australian pop-
ulation at risk of CVD. These findings are relevant at both an indi-
vidual and policy level and provide insight regarding future
dietary recommendations for individuals in the general commu-
nity. Longer intervention trials with larger sample sizes are now
required to demonstrate the longer-term feasibility and clinical
effectiveness of the MedPork intervention in a population with
elevated blood pressure.
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