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Executive Summary 

Previous research has shown energy-restricted, low-fat, high pork-protein diets together with 
exercise can enhance weight loss, improve glycaemic control and improve cardiometabolic 
health risk factors in type 2 diabetes mellitus (T2DM). However, it is unclear whether the 
cardiometabolic benefits including weight loss observed during the energy restriction period 
are maintained during energy-balance and weight maintenance. There is also a lack of 
evidence regarding the effect of pork-protein based diets on food cravings, cognitive function 
and psychological wellbeing in T2DM, despite the association with carbohydrate-food cravings 
and cognitive impairment and hyperglycaemia. 
 
Sixty one overweight / obese adults with T2DM were randomised to consume either a high 
pork-protein diet (HPP) (n=32, ~32% protein, 33% carbohydrate, 30% fat) or a lower pork-
protein diet (LPP, n=29, ~22% protein, 51% carbohydrate, 22% fat) for 24 weeks with 150 
minutes of moderate intensity exercise weekly for the study duration. There was an initial 12-
week weight loss phase followed by a 12-week weight maintenance phase. The primary 
outcome was glycaemic control as measured by glycosylated haemoglobin (HbA1c). 
Secondary outcomes included cardiometabolic risk factors (anthropometry and body 
composition, blood pressure, plasma lipids, glucose, insulin and C-reactive protein), food 
cravings, cognitive function (memory, psychomotor skill and executive function) and well-
being. Outcomes were measured at baseline and the end of each weight loss and weight 
maintenance phase. Data was analysed as intention-to-treat using linear mixed effects models 
on n=61 volunteers. 
 

A total of 61 volunteers commenced, 44 finished and 17 withdrew from the intervention (12 
due to reasons unrelated to the study, 5 were unable to comply). The population was on 
average 55±8 years and obese (BMI of 34±5kg/m2); they had borderline poorly controlled 
T2DM (HbA1c 8.1±1.4%) with an average duration of disease of 7.2±5.2 years. Seventy five 
percent of volunteers were pharmacologically controlled for hyperglycaemia whilst 
approximately a half were prescribed lipid lowering and/or anti-hypertensive medication.  
 
Dietary and physical activity data indicated participants had high compliance to their allocated 
dietary prescription. There were no differences between the HPP and LPP group in weight loss 
or glycaemic control or any cardiometabolic, cognitive or wellbeing outcome measure. Weight 
loss significantly decreased in both groups during the weight loss phase (~8kg reduction), 
which was maintained during the weight maintenance phase. Glycaemic control including 
HbA1c, fasting blood glucose (FBGL) and insulin levels decreased during the weight loss 
phase and remained stable during the weight maintenance phase.  
  
Cardiometabolic risk factors including blood pressure, insulin resistance (HOMA2-IR), the 
inflammatory biomarker C-reactive protein (CRP), plasma total cholesterol, low density 
lipoprotein cholesterol and triglycerides significantly decreased during the weight-loss phase 
and remained stable at lower levels during the weight-maintenance phase with the exception 
of total cholesterol which increased slightly but significantly during the latter phase. HDL 
increased slightly but significantly over the duration of the study.  
 
Over the course of the study the use of antihyperglycaemic medications decreased for both 
groups during the weight loss phase and remained stable during weight maintenance whilst 
lipid-lowering medication was reduced in four volunteers.  
 

Cognitive function was maintained over the course of the study; whilst diabetes related stress, 
quality of life, general health, vitality and quality of sleep improved during the weight loss 
phase. Perceived stress did not change. Food cravings decreased significantly during the 
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weight loss phase and remained stable during the weight maintenance phase. General food 
cravings and general traits around food cravings together with obsessive preoccupation with 
food significantly decreased during the study.  
 

This randomized controlled trial is considered level II evidence according to the NHMRC, 
evidence which is likely to be considered for dietary guideline revision and clinical practice. 
This study is highly relevant to the pork industry as not only is pork an important and nutrient 
dense protein source, we have provided evidence to alleviate health concerns of higher meat 
diet.  We have shown that HPP and LPP energy-restricted dietary patterns achieve similar 
weight loss and reductions in cardiometabolic risk factors.   Moreover, these improvements 
are sustained following subsequent energy-balance for 12 weeks. The outcomes here have 
relevance not only to policy makers, regulatory bodies, the pork industry and consumers but 
to health care providers including medical practitioners and dietitians, diabetes educators and 
Diabetes Australia who need to know that lean pork can be safely utilized as part of a weight 
loss program for T2DM resulting in improved glycaemic control and cardiometabolic health. 
Thus we have added to the Pork CRC’s portfolio in building a credible evidence base to support 
consumer communication of the health benefits of fresh lean Australian pork which may lead 
to increased pork consumption.   
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1. Introduction 

The global prevalence of obesity is increasing and what is of major health concern is that 
obesity clusters with other cardiovascular (CV) risk factors including T2DM, hypertension, 
hypercholesterolemia, poor mental health and physical disability.  In Australia it is estimated 
that ~70% of the population is overweight and nearly 30% are obese  (1). A lifestyle change of 
caloric restriction coupled with regular moderate exercise can help individuals lose weight and 
improve their CV health as well as improving their quality of life which assists with self-
management and subsequently feeling better about themselves.  
 
Diet and lifestyle changes including with weight control are the cornerstones of T2DM 
management.  Achieving and maintaining a healthy weight is needed to improve glycaemic 
control and reduce diabetes-related complications.  Moreover, individuals with T2DM are at 
greater risk of cognitive decline compared with individuals without T2DM and are at higher risk 
of dementia (2).  While the exact aetiology is not fully understood, it is thought to relate to 
prolonged hyperglycemia and hyperinsulinaemia and subsequent impact on macrovascular 
disease and microvascular changes in the brain (3). It is well known with T2DM there is 
disease-related psychological problems (4) and diabetics are at greater risk for developing 
depression. A study of obese women with polycystic ovary syndrome had greater 
improvements in self-esteem and depression scores when following a weight loss diet rich in 
dietary protein compared with a high carbohydrate weight loss diet (5).   
 
Particular dietary strategies that have been effective for weight loss in T2DM and non-diabetes 
populations include energy-restricted high protein diets (6-9), however most high protein 
weight loss diets have used lean red meat as the major protein source (8). These dietary 
intervention trials restricted energy consumption and incorporated at least 6 serves 
(200g/serve) of lean beef or lamb per week and an extra 100g of other protein food daily, whilst 
other intervention trials incorporating lean chicken and or beef into hypocaloric diets found no 
difference in weight loss and body compositional changes between diets (10, 11) over the short 
term. Furthermore, some trials have incorporated physical activity whilst others have not.   
 
Research by our team had provided evidence that fresh lean Australian pork can be included 
in the diet without adversely affecting health. We have shown that regular consumption of pork 
over 6 months can improve indices of body composition (weight, waist circumference, % body 
fat and fat mass) in overweight adults in comparison with habitual diet (12); regular 
consumption of lean fresh pork is no different to other commonly consumed meats in the 
Australian diet (chicken and beef) in terms of markers of adiposity in overweight adults (13); 
and a high protein (pork-based) energy restricted diet with resistance training resulted in the 
greatest weight loss (-14kg) compared with an energy restricted standard carbohydrate, low-
protein/low-fat diet and high-protein diet alone and improvements in blood pressure (BP), 
lipids, glucose, HbA1c and CRP (both groups improved) (14).   
 
It is vital for the Pork CRC to build on previous findings by building on current research. 
Increasing the base of scientifically substantiated evidence will assist the Pork CRC in 
establishing a credible evidence base which can be communicated to the consumer, regulatory 
bodies and health care professionals, which may lead to increased pork consumption. In 
addition, the National Health and Medical Research Council (NHMRC) of Australia are yet to 
formally accept the use of high protein low carbohydrate diets for managing T2DM due to the 
limited evidence which exists on longer term cardiometabolic outcomes. 
 
To build on previous research, the primary aim of this study was to compare the effects of two 
weight loss diets differing in pork-protein content (high pork-protein, HPP; low pork-protein; 
LPP), combined with regular moderate intensity exercise, on HbA1c in overweight and obese 
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adults with T2DM following 12-weeks of active weight loss and 12-weeks of weight-loss 
maintenance.  Secondly, we aimed to assess effects of both diets on cardiometabolic risk 
factors (body composition, BP, blood lipids, glucose, insulin and CRP), food cravings, cognitive 
function (memory; psychomotor and executive function) and psychological well-being (stress, 
quality of life, physical/mental health and quality of sleep).  
 
Hypothesis 

We hypothesise that a HPP diet will improve glycaemic control, cardiometabolic health 
measures and cognitive performance and psychological wellbeing in people with T2DM more 
than a LPP diet in a 6-month dietary intervention trial with 12-weeks of weight loss and 12-
weeks of weight loss maintenance. 
 

 

2. Methodology 

The following protocol has been published in Contemporary Clinical Trials. Contemp Clin 
Trials. 2015 Nov;45(Pt B):217-25. doi: 10.1016/j.cct.2015.11.001. Epub 2015 Nov 4. (15) 
Copyright is owned by Elsevier http://www.elsevier.com/about/company-
information/policies/copyright.  
 
Nerylee Ann Watson, Kathryn Ann Dyer, Jonathan David Buckley, Grant David Brinkworth, 
Alison Mary Coates, Gaynor Parfitt, Peter Ranald Charles Howe, Manny Noakes, Louise Dye, 
Helen Chadwick and Karen Joy Murphy. A randomised trial comparing low-fat diets differing 
in carbohydrate and protein ratio, combined with regular moderate intensity exercise, on 
glycaemic control, cardio-metabolic risk factors, food cravings, cognitive function and 
psychological wellbeing.  
This was a 24-week, two-arm parallel-group randomised dietary intervention study comparing 
two isocaloric diets differing in pork protein over two phases: a 12-week energy-restricted 
(~30% caloric reduction) weight loss phase followed by a 12-week energy-balance weight 
maintenance phase.  There were 3 assessment time points: baseline (Week 0), end of active 
weight loss phase (Week 12) and end of weight maintenance phase (Week 24). 
Anthropometric, cardiometabolic health, body composition and cognitive function assessments 
and the administration of psychological wellbeing questionnaires were conducted at the 
research facility of the Alliance for Research in Nutrition, Exercise and Activity (ARENA), 
Sansom Institute for Health Research, University of South Australia, Adelaide. The dietary 
intervention was delivered and monitored at the CSIRO - Food and Nutrition, Adelaide.  The 
study was approved by the University of South Australia Human Research Ethics Committee, 
the CSIRO Human Research Ethics Committee and registered with the Australia and New 
Zealand Clinical Trials Register (ACTRN12613000008729).  All volunteers provided written 
informed consent and confirmed they had approval from their medical practitioner to 
participate.   
 

Recruitment and screening 

Volunteers were recruited through advertisements via newspapers, television, medical 
centres, outpatient departments, diabetes organisations and the UniSA website.  Interested 
people contacted ARENA by telephone or email and were provided with an information sheet 
and a diet and lifestyle questionnaire (DLQ) requesting information on current disease 
management, medical conditions, medications, weight, smoking status, dietary requirements 
and ability to exercise.   
 
Based on information provided in the DLQ, volunteers who appeared eligible attended a 
screening appointment to assess their body mass and height (to calculate BMI), BP and 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Watson+NA+2015
http://www.ncbi.nlm.nih.gov/pubmed/?term=Watson+NA+2015
http://www.elsevier.com/about/company-information/policies/copyright
http://www.elsevier.com/about/company-information/policies/copyright
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HbA1c.  For those older than 40 years, the DemTect questionnaire [14] was administered to 
detect any mild cognitive impairment and volunteers were required to score ≥ 13 (indicative of 
age-appropriate cognitive abilities) for inclusion.  To be eligible volunteers required to meet the 
following criteria: T2DM; aged 18-70 years; HbA1c between 6.5-10.5%; overweight with BMI 
>25kg/m2;  Weight ≤ 135kg (maximum capacity for dual X-ray absorptiometry, DEXA); non-
smoker for more than 6 months; proficient in written and spoken English (for cognitive tests); 
age-appropriate cognitive function (determined using the DemTect questionnaire). Volunteers 
were excluded if they recorded any of the following criteria: liver, kidney, gastrointestinal or 
cardiovascular disease; respiratory disease (apart from stable asthma); retinopathy; 
malignancy (within last 6 months); proteinuria; uncontrolled hypertension (>170/100); taking 
medication for a neurological or psychiatric condition (except stable antidepressants > 3 
months); neurological or psychiatric condition; history of head or brain injury; musculoskeletal 
injury or peripheral vascular disease sufficient to impede exercise; undertaking a weight loss 
program or taking appetite suppressants; pregnant or lactating; unable to participate in the trial 
for 6 months or participated in another study within last 30 days. 
 

Enrolment into study and diet allocation 

Eligible volunteers were invited to attend an information session and asked to confirm with 
their medical practitioner that it was safe for them to participate in the study.  Sixty three eligible 
volunteers were randomly allocated to either the HPP diet (n=32) or the LPP diet (n=31) by the 
process of minimization (16), stratified by age, gender and BMI by an investigator independent 
of data collection and analyses.  Two volunteers withdrew prior to baseline assessments 
leaving a total of 61 volunteers who commenced the study. 

Dietary intervention  

The diets were isocaloric with the planned macronutrient content (protein:carbohydrate:fat) for 
the HPP diet being ~32:33:30% (with <10% of total fat intake as saturated fat) and the LPP 
diet was ~22:51:22% (with <10% of total fat as saturated fat).  Both dietary patterns 
incorporated a variety of foods within all five food groups (Table 1).  As expected, the total fat 
intake in the HPP diet is higher than the LPP diet as a result of larger meat portions and the 
inclusion of reduced-fat cheese and almonds. However both diets met the recommendations 
for dietary intakes of total and saturated fats (≤ 30% and ≤ 10% of energy intake, respectively) 
(17).  Alcohol intake was restricted to two standard drinks per week (total 20g alcohol per 
week).  
 
Throughout the study, volunteers were required to record their food intake and complete a 
daily semi-quantitative food record which was collected by the dietitian every fortnight.  To 
facilitate dietary compliance, volunteers were provided with study foods corresponding to their 
assigned dietary pattern: fresh lean pork (steak, diced, strips), Weetbix, mixed grain bread, fat-
reduced cheese (HPP only) and unsalted almonds (HPP only).  Volunteers received detailed 
dietary advice about their allocated diet, carbohydrate choices (low – moderate glycemic 
index), spreading carbohydrate intake across the day as well as meal planning, recipe ideas 
and how to weigh/measure and record their dietary intake (digital scales were provided).  
Dietary intake was assessed based on the analysis of 7 consecutive days from the fortnightly 
food records and were averaged to attain a score for the weight loss and weight maintenance 
phases using FoodWorks® Professional Edition (version 7, 2012; Xyris Software, Highgate 
Hill, Australia). 
 
At baseline only, volunteers completed a validated food frequency questionnaire (18, 19) to 
gather information on habitual food intake, frequency and portion size over the preceding 12 
months.   
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Table 1.  Daily food quantities and nutritional analysis based on a 6000kJ/day higher 
pork-protein or lower pork-protein diet.    
 

Higher pork-protein diet  Lower pork-protein diet 

30g Weetbix*  30g Weetbix*  

350 mL reduced fat milk  350 mL reduced fat milk 

40g reduced fat cheese*   

105g grain bread *
 
 140g grain bread * 

300g fresh fruit  450g fresh fruit 

½ cup salad vegetables  ½ cup salad vegetables 

2 cups non-starchy vegetables 2 cups non-starchy vegetables 

 150g starchy vegetables (cooked) or ½ cup 
rice (cooked) or 1 cup pasta (cooked) 

50g luncheon meat  
(e.g. ham, tuna, chicken, egg) 

25g luncheon meat  
(e.g. ham, tuna, chicken, egg) 

200g fresh Australian pork (raw weight, 
lean)*, #

 
 

100g fresh Australian pork (raw weight, lean)*, 

#
 
 

200g legumes (optional, replace meat) 100g legumes (replace meat) 

20g almonds (raw, unsalted)*
 
   

15g oil/margarine 20g oil/margarine 

Alcohol (≤ 2 standard drinks/wk, optional) Alcohol (≤ 2 standard drinks/wk, optional) 

Nutritional Analysis as % of total energy (g/day)^:  

Protein 31% (109g) 
Carbohydrate 33% (121g) 
Fat 30% (42g) 
        - 10% Saturated Fat (16g) 
Fibre (30g) 

Protein 22% (74g) 
Carbohydrate 52% (179g) 
Fat 20% (31g) 
Saturated Fat  5% (8g) 
Fibre (35g) 

 
* Foods provided   # Australian Pork 4 times per week    
^ Analysis using FoodWorks® Professional Edition, version 7, 2012;Xyris Software, Highgate Hill, 
Australia 
 

 

Physical activity intervention 

All volunteers were prescribed to undertake self-monitored moderate intensity, aerobic 
exercise for a minimum of 30 minutes on 5 days a week (150 minutes/week) for the duration 
of the study.  Moderate intensity was considered as a rating of perceived exertion (RPE) 
equating to a ‘somewhat hard’ level which reflects RPE13 on the Borg 6-20 Scale (20).  This 
method was chosen as it has been shown to improve fitness and considered ‘pleasant’ in a 
previous study [21].  Volunteers self-selected the type of exercise performed and free 
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memberships to the University’s gymnasiums and organised walking groups were available on 
a voluntary basis.  Volunteers completed daily physical activity logs by recording the date, type 
of exercise and duration of exercise which was used to monitor compliance at the end of each 
study phase.     
 

Clinic visits 

Each clinic visit (weeks 0, 12, 24) was conducted in the morning, took approximately 3.5 hours 
and followed the same protocol.  Volunteers attended the clinic after an overnight fast (water 
as required) and without taking their morning medications which were administered with 
breakfast.  Weight, height (baseline only), waist circumference, blood pressure and body 
composition were measured and medications (prescribed and over-the-counter) were 
documented.  Changes to medication type and doses were recorded throughout the study.  
Blood was collected and cognitive function tests were conducted in a quiet environment.  A 
series of psychological wellbeing questionnaires were then completed by the volunteers during 
a breakfast break of approximately 20 minutes where foods aligning with their assigned dietary 
intervention were offered. Following this, the participant attended the CSIRO clinic to consult 
with the dietitian.  Record sheets to document FBGL, physical activity and medication changes 
were provided and collected fortnightly at the dietetic visits.   
 

Clinical assessments 

Anthropometry  

All anthropometric assessments were conducted with volunteers barefoot, wearing minimal 
clothing.  Height was measured twice (baseline only) using a portable stadiometer (Seca 220; 
Vogel & Halke, Hamburg, Germany) to the nearest 0.1cm.  Body mass was measured twice 
using calibrated electronic scales (Tanita Ultimate Scale 2000; Tokyo, Japan) and BMI was 
calculated using the formula: mass (kg)/height (m)2.   Waist circumference was measured, 
using a metal measuring tape (Lufkin), at the narrowest point of the abdomen or, if there was 
no obvious narrowing, at the midpoint between the lower costal (10th rib) border and the iliac 
crest.  Two measurements were taken unless they differed by more than 2% whereby a third 
measurement was obtained.  The mean of the measurements was used for analysis.  The 
investigator was trained in ISAK International Standards for Anthropometric Assessment (21).     
 

Resting blood pressure 

Resting Systolic and Diastolic blood pressure was recorded using the Cardiovascular 
Profiler™ (HDI Cardiovascular Profiler CR2000) after volunteers had been seated for 5-10 
minutes with legs uncrossed, feet flat on the floor and arm resting comfortably on a table. The 
same arm was used for all assessment visits with the appropriately sized cuff.  Four 
consecutive readings were recorded at ~ 2 minute intervals with the mean of the last 3 
measurements used for analysis.  
 

Body composition  

A whole body scan, using DEXA (Lunar Prodigy  Model, General Electric, Madison WI USA), 
was performed with volunteers wearing a light cotton gown and all external metal objects 
removed.  Scans at week 12 and week 24 were conducted in the same position and under the 
same baseline scan conditions. Total body fat mass (%, kg), total body lean mass (%, kg) and 
abdominal fat mass (kg) were obtained using enCORE™ 2010 software (GE Healthcare 
enCORE version 13.31).   
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Biochemical analyses   

Fasting blood samples for HbA1c, glucose, insulin, CRP, triglycerides (TAG), total cholesterol 
(TC), high-density lipoproteins (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were 
obtained through venepuncture.  Samples (except ApoE4) were kept on ice and taken to an 
accredited commercial pathology laboratory (SA Pathology, Adelaide, Australia) within 2 hours 
of collection for analysis.  Plasma LDL-C was calculated using the Friedewald equation 
provided that triglyceride levels were < 4.2mmol/L (22).  A blood sample for Apolipoprotein E-
4 allele (APOEƐ4, indicator of increased risk for Alzheimer’s Disease) was taken using the 
same method described above.  The sample was centrifuged (40C, 4000rpm, 10 minutes) 
before the plasma was aliquoted and frozen at -200C then stored at -800C.  APOEƐ4 analysis 
was performed using the TaqMan® SNP Genotyping Assay kit (Applied Biosystems, 
Warrington, UK) (23).    
 

Insulin Resistance 

Insulin resistance was calculated using The Homeostasis Model Assessment (HOMA2) 
Calculator v2.2.3 (24).  This method to determine an insulin resistance score (HOMA2-IR) has 
been validated in T2DM with no differences shown between gender, age, BMI or diabetes 
status (25).  A higher HOMA2-IR score indicates greater insulin resistance.  Volunteers on 
insulin therapy or with fasting insulin levels > 57 mU/L were excluded from these calculations.    
 

Medication Effect Score (MES) 

As FBGL are affected by changes in weight, insulin resistance, carbohydrate intake and 
exercise, antihyperglycaemic medication is usually titrated to stem rising hyperglycaemia or 
prevent hypoglycaemia thus potentially influencing HbA1c results.  To compare changes in 
antihyperglycaemic medication regimes between the two pork-protein groups, a MES was 
calculated at the end of each phase.   This study chose a technique described in a dietary 
intervention study with a T2DM population (26) as it captures potency, dose changes as well 
as discontinued medications compared to other methods which only consider the total number 
of diabetes medications taken (27). The percentage of the maximum daily dose for each class 
of medication was calculated and multiplied by the medication’s corresponding adjustment 
factor.  The MES is the sum of each of these calculations.  The maximum daily dose was 
obtained from the Monthly Index of Medical Specialties Australia (28) with insulin considered 
to be 1unit/kg/day of baseline weight (26).  The adjustment factor is the mean decrease in 
HbA1c expected with monotherapy with the following values used: Biguanides 1.5, 
Sulphonylureas 1.5, DPP-4 inhibitors 0.65, GLP-1 agonists 0.75 and insulin 2.5 (29).  For 
medications that are a combination of classes, each class was calculated separately and 
summed.  A higher MES indicates greater antihyperglycaemic medication use. 
 

Cognitive function battery 

The cognitive battery selected has been used in previous dietary intervention studies for adults 
with both T2DM and impaired glucose tolerance (30, 31).  It consisted of a series of six tests 
to examine a range of cognitive abilities. With the exception of the Grooved Pegboard and the 
Visual Spatial Learning Test, which were administered manually by the investigator, tests were 
performed on a Toshiba laptop computer (model R830) Toshiba portege model R830 using E-
Prime software V2 (Psychology Software Tools, Sharpsburg, PA, USA).  Three parallel 
equivalent versions of each test (except the Grooved Pegboard) were used to allow for repeat 
testing and the order of version was counterbalanced for each participant and visit.   
 
Visual Verbal Learning Test (VVLT) 
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The VVLT is a visual analogue of the validated Rey Auditory-Verbal Learning Test (32) and 
evaluates immediate and delayed verbal memory, verbal learning and interference effects (33). 
Sixteen words (list A) appeared in a random sequence at the rate of 1 word per 2 seconds in 
the centre of the computer screen, after which volunteers verbally recalled as many of the 
words as possible within 60 seconds, indicated by a timer bar on the screen.  A tape recorder 
was used to ensure all words recalled were captured. This task was repeated 3 times after 
which a different 16-word list (list B) was presented and volunteers asked to recall list B in a 
60 seconds period.  This is referred to as proactive interference and occurs when the 
remembrance of previously learned material hinders the ability to learn new information.  
Immediately after recalling list B, volunteers had 60 seconds to recall list A without further 
presentation. This indicates retroactive interference which refers to the effect of new learning 
on the recall of old previously learned material. Thirty minutes after the completion of the last 
trial, volunteers were given 60 seconds to verbally recall the words from list A without further 
presentation.   
 
The number of correct words for each trial was recorded. The rate of learning was determined 
by assessing the increase in the number of words remembered across trials 1-3.  Delayed 
memory was determined by the score recorded after 30minutes. Proactive interference was 
calculated as the difference between recall of Trial A1 (i.e. the first time List A is shown) and 
recall of List B (interference list, which is shown only once after Trial A3). List A has proactively 
interfered with the ability to learn new material if the recall of List B is poorer than that of Trial 
A1. A greater degree of proactive interference indicates poorer learning of new material.  
Retroactive interference is calculated by subtracting the number of words recalled on Trial A3 
from those recalled on Trial A4. The examination of the effect of the interference is possible 
because the new word list (List B) was presented after Trial A3. If the value after subtraction 
is less than ‘0’, this shows that List B has not interfered with the recall of List A. 
 

Visual Spatial Learning Test (VSLT)  

The VSLT is a validated assessment tool examining non-verbal, visuospatial memory and 
learning (34).  An empty grid of 24 squares (6x4) was placed lengthwise in front of the 
participant with 15 tiles of various designs arranged in a 5 x 3 pattern above the grid.  With the 
participant’s view blocked, the investigator arranged 7 of the tiles on the grid.  10 seconds were 
given to memorise the designs and placement of the tiles.  With the participant’s view again 
blocked, the tiles were placed back above the grid and the participant was given 2 minutes to 
recreate the pattern.  This was repeated for 3 trials using the same pattern.  A delayed recall 
was conducted 30 minutes after the completion of trial 3 without further presentation of the 
pattern.  The number of correct designs, correct positions and correct design and position for 
each trial was summed (maximum score 21) and the mean of trials 1-3 was recorded as the 
total immediate recall score for analyses.  The total score for delayed recall was calculated 
with the same method.  
 

Corsi Block Tapping Test 

The Corsi Block Tapping Test (35, 36) examines spatial memory and has  been  applied  
extensively  to  examine  non-verbal  immediate  memory  deficits (37-39).  A computerised 
version of this test was used. The  test  consisted  of  nine  white  blocks  arranged  on  the  
screen, in sequence the blocks changed colour from white  to  red  and  then  back  to  white  
again  at  a  speed  of  1  block  per  second.  The number of blocks that changed colour, in 
any one sequence, ranged from two to nine. Each sequence length occurred twice, giving a 
total of 16 sequences presented in a random order.  Following the presentation of a sequence, 
the participant was required to recall the order in which each of the blocks changed colour and 
responded by clicking on the blocks in that order. Volunteers were told to respond as quickly 
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as possible.  Outcome variables were the number of sequences correctly recalled, and 
accuracy and reaction time for each click.  Where volunteers failed to click this was scored as 
an error.  
 

Grooved Pegboard Test 

The Grooved Pegboard (Lafayette Instrument Company, Lafayette, In) is a validated test 
assessing psychomotor skills and manual dexterity (40).  The peg board consists of a grid of 
25 (5 x 5 rows) randomly rotated slots with a well containing metal grooved pegs.  Starting with 
their dominant hand, volunteers picked up one peg at a time and rotated it to fit into a slot 
starting from top to bottom and side to side.  Time taken to insert all 25 pegs was recorded.  
Once completed, the process is repeated with the non-dominant hand.  The time taken 
(seconds) to complete the task for each hand is recorded for analysis.     
 

Psychomotor Test 

The psychomotor test (30) assesses fine motor skills and reaction time through the task of 
clicking with a mouse on a small red square (target) as it appears at various locations on the 
screen.  The participant was instructed to click on the target as quickly and as accurately as 
possible.  A new target appeared at random immediately after each mouse click irrespective 
of accuracy.  The cursor returned to the centre of the screen after each attempt.  There are 2 
scores generated: the number of accurate hits (maximum 88) and the reaction time for correct 
responses (milliseconds).   
 

Tower of Hanoi 

The Tower of Hanoi (41) assesses problem solving and planning ability.  On the top of the 
computer screen were 3 rods with 4 discs of different sizes and colours in a particular formation 
(target).  On the bottom of the screen were 3 rods with the same 4 discs but in a different 
arrangement (starting formation).  The participant was required to rearrange the starting 
formation to match the target using the least number of moves possible, while adhering to the 
rule that they may not place a larger disc on top of a smaller disc.  There is only 1 correct 
sequence of moves to complete each task and the participant is told how many moves are 
required.  If an error was made, the task automatically started again.  There were 5 levels 
consisting of 4, 5, 6, 7 or 8 moves and each level was repeated twice for a total of 10 tasks.  
There were 2 scores generated: the number of errors made and the completion time (seconds).        
 

Food craving questionnaires 

Food Craving Inventory (FCI) 

The original validated 28 item version of the FCI (42) was modified to represent Australian 
foods by substituting cornbread for pie or pasty, relocating biscuits to the sweets subscale and 
removing cookies.  This version consisted of a list of 27 food items and volunteers were 
instructed to indicate how often, in the last month, they have experienced food cravings for 
each item on a Likert scale where 1 = never, 2 = rarely, 3 = sometimes, 4 = often and 5 = 
always/almost every day.  There are 4 sub-scales which categorised foods of similar 
composition: high fats; carbohydrate /starches; sweets and fast food fats.  To calculate each 
sub-scale score, the values given for the corresponding items are summed and the mean is 
recorded.  The total score is the mean of the 4 subscales. Cronbach’s alpha coefficients 
confirmed there was internal consistency for the total and sub-scale scores meaning the 
scale’s internal consistency had not been adversely affected by the modifications. A higher 
score indicates greater food cravings.   
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General Food Craving Questionnaire – Trait (G-FCQ-T) 

The G-FCQ-T is a reliable and validated questionnaire consisting of 21 common statements 
that people make about their general desire for food (43).  Volunteers considered each 
statement and how often it would apply to them in a ‘general’ context.   Answers utilise a Likert 
scale: 1 = never/not applicable; 2 = rarely; 3 = sometimes; 4 = often; 5 = usually and 6 = always. 
Each statement relates to one of the four sub-scales: loss of control (statements: 1,2,10,12,18 
and 19); preoccupation with food (statements: 3,4,5,13,14 and 16); positive outcome 
expectancy (statements: 6,7,9,11,20) and emotional cravings (statements: 8,15,17 and 21).  
Each sub-scale has a score equating to the sum of the scale values given to the corresponding 
statements.  The G-FCQ-T total score is the sum of each of the subscale scores.  A higher 
score indicates greater food cravings.  
 

General Food Craving Questionnaire – State (G-FCQ-S) 

The G-FCQ-S is a reliable and validated questionnaire consisting of 15 statements assessing 
the current desire for general foods at that moment in time (43).  Volunteers consider how each 
statement relates to them and indicate their response on a Likert scale: 1 = strongly agree, 2 
= disagree; 3 = neutral, 4 = agree and 5 = strongly agree.  Each statement relates to one of 
the 5 sub-scales: an intense desire to eat (statements: 1,2,3); anticipation of positive 
reinforcement that may result from eating (statements: 4,5,6); anticipation of relief from 
negative states and feelings as a result from eating (statements: 7,8,9); obsessive 
preoccupation with food or lack of control over eating (statements: 10,11,12) and Craving as a 
psychological state (statements: 13,14,15).  Each sub-scale has a score equating to the sum 
of the scale values given to the corresponding statements.  The G-FCQ-S total score is the 
sum of each of the subscale scores.  A higher score indicates greater food cravings.  
 

Self-administered psychological wellbeing questionnaires 

Diabetes-39 Quality of Life Questionnaire (D-39) 

The D-39 is a reliable and validated 39 item questionnaire designed to assess the quality of 
life for individuals with diabetes (44).  It covers five domains of health: energy and mobility (15 
items), diabetes control (12 items), anxiety and worry (4 items), social burden (5 items), sexual 
functioning (3 items) plus 2 questions indicating an overall rating of quality of life and the 
volunteers perception of the severity of their diabetes (45).  This study used a horizontal line 
divided into 7 boxes numbered from 1 (not affected at all) through to 7 (extremely affected) 
which is an adaption described in a previous study where volunteers placed a cross in the box 
which best describes how their quality of life has been affected over the past month by each 
question (44). Subscale scores equate to the sum of the value given to the pertaining items 
which is then converted to a transformed score (0-100) using the following formula:  ((gross 
classification – minimum value) / (maximum value – minimum value)) x 100 (44).  A higher 
score indicates poorer health except for the ‘overall quality of life” subscale where a higher 
score indicates improvements in quality of life. 
 

Problems Areas in Diabetes (PAID)  

PAID is a reliable and validated questionnaire (46) which measures diabetes-specific 
emotional distress related to living with and managing diabetes including guilt, fear, anger, 
depressed mood and worry (47).  Volunteers answer 20 questions using a Likert scale with 5 
options: 0 = not a problem, 1 = minor problem, 2 = moderate problem, 3 = somewhat serious 
problem and 4 = serious problem.  The total score (between 0-100) is the sum of the responses 
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for each question multiplied by 1.25.  A score ≥ 40 identifies volunteers at risk for greater 
diabetes related distress (48) (49).   
 

Perceived Stress Scale (PSS-10) 

The PSS-10 is a shorter version of the validated PSS questionnaire (50).  It consists of 10 
items which measure a person’s perceived distress and perceived coping ability (51).  It relates 
to feelings and thoughts during the last month and is a useful tool to examine the role of stress 
levels in regards to diseases and behaviour disorders (52).  For each question, volunteers 
indicated how often, over the past month, they felt or thought a certain way by circling a number 
on a Likert scale: 0 = never, 1=almost never, 2=sometimes, 3=fairly often and 4=very often.  
To calculate the total score, the scores for the 4 positive items (items 4, 5, 7 and 8) are reversed 
and then all scores are summed.  Total scores range from 0 – 40 and a higher score indicates 
greater stress.   
 

SF-36 v2 Health Survey™ (SF-36v2) 

The SF-36v2 Health Survey™ is a reliable and validated questionnaire (53).  It consists of 36 
questions which assess self-reported functional health and wellbeing (54).  The questions 
measure different aspects of physical and mental health and are grouped into 8 scales: 
physical functioning; role–physical; bodily pain; general health; vitality; social functioning; role–
emotional and mental health.  Volunteers answer using a Likert scale with 3 or 5 alternatives 
which are specific to each question. The sum of the values given for the pertaining questions 
provide the score for each scale and a Physical Component Summary and a Mental 
Component Summary are calculated from those scores (54).   
 

Leeds Sleep Evaluation Questionnaire (LSEQ) 

The original LSEQ is a reliable and validated questionnaire widely used in clinical research to 
measure sleep and early morning behaviour (55).  This current study used a shortened version 
of the LSEQ which consisted of 8 questions to evaluate the original 4 domains: getting to sleep 
(2 items), quality of sleep (2 items), awakening from sleep (2 items) and behaviour following 
wakefulness (2 items). The same 8 questions were asked twice: initially pertaining to a ‘typical 
night’s sleep’ and then as ‘last night’s sleep’.  Volunteers indicated their answer by putting a 
vertical mark through the relevant point of a 100mm horizontal visual analogue scale between 
two extremes e.g. ‘very easy’ to ‘very difficult’ when describing ease of getting to sleep.  A total 
score for each domain was determined by calculating the mean of the responses for the 2 
items pertaining to them.  A higher score indicates a lower sleep quality.  Cronbach’s alpha 
coefficients confirmed that the scale’s internal consistency had not been adversely affected by 
the modification made.     
 

Medical management plan  

Due to diet, exercise and weight changes, it was expected some volunteers would experience 
changes in FBGL outside acceptable limits, particularly those antihyperglycaemic medications.  
Volunteers were required to document their daily FBGL, including any symptoms experienced, 
and note any changes to prescribed or over-the-counter medications.  These records were 
reviewed at each fortnightly diet visit using the Medical Management Plan flowchart (figure 1) 
which was developed to identify and respond to volunteers who may be at risk of 
hypo/hyperglycaemia before symptoms were experienced.  As weight loss and increased 
physical activity can also reduce antihypertensive medication requirements, a medical 
management request to the study physician was sent if a participant’s blood pressure reading, 
at any clinic visit, was 90/60mmHg or less and they were taking blood pressure medication.  
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Alternatively, if a blood pressure reading was 180/110mmHg or higher the participant was 
asked to consult their health professional. 
 

Sample size 

This study was powered on the primary outcome of change in glycemic control as measured 
by HbA1c.  Based on data from a previous intervention measuring HbA1c in a T2DM population 
(56), it was estimated 48 volunteers would provide 80% power to detect a significant (P<0.05) 
0.75% (absolute) difference between diets for change in HbA1c based on a standard deviation 
of 0.9%. A total of 61 volunteers were recruited to allow for a ~ 20% withdrawal rate.   
 

Statistical analysis   

Statistical analyses were performed using SPSS version 21.0 (SPSS Inc., Chicago, IL). All 
non-normally distributed data were transformed before analysis however the non-transformed 
value is presented.  Baseline characteristics and dietary data between the groups were 
compared by using independent student t-tests for continuous variables and chi-square tests 
for categorical variables.  The effects of the different interventions over time were assessed 
using an intention-to-treat analysis (including all volunteers who commenced the study) using 
linear mixed effects modelling with treatment as the between-subject factor and time as the 
repeated within-subject measurement. Where there was a significant main effect, post-hoc 
comparisons were performed with Bonferroni’s adjustments for multiple comparisons to 
determine differences between group means.  Pearson’s correlations were used to determine 
which variables should be included into the models as covariates. 

 
For the cognitive data, all non-normally distributed data were transformed before analysis with 
the exception of the VSLT different level data where data could not be normalized. The non-
transformed value is presented. The effects of the different interventions over time were 
assessed on subjects who completed the intervention using a general linear model (GLM) of 
analyses with treatment as the between-subject factor and time as the repeated within-subject 
measurement. To determine if a practice effect was the reason for the “main effects” seen in 
the GLM results, a Pearson’s correlation on the “change in” values (i.e. weight loss versus 
baseline) compared to the “change in”; weight, BMI, HbA1c.  Statistical significance was set at 
P < 0.05.  Results are presented as mean ± SEM except for baseline data which are presented 
as mean ± SD.   
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Figure 1.  Flow-chart for the medical management of fasting blood glucose levels 
(FBGL).  
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Outcomes 
The cardiometabolic health outcomes presented below will be submitted to Nutrition and 
Diabetes Journal for publication December 2015. Should this paper be accepted copyright will 
be owned by the journal but findings are allowed to be disseminated according to conditions 
outlines here http://www.nature.com/nutd/about/open_access.html  
 
Nerylee Ann Watson, Kathryn Ann Dyer, Jonathan David Buckley, Grant David Brinkworth, 
Alison Mary Coates, Gaynor Parfitt, Peter Ranald Charles Howe, Manny Noakes, Louise Dye, 
Helen Chadwick and Karen Joy Murphy. Effects of low-fat diets differing in carbohydrate and 
protein ratio, combined with regular moderate intensity exercise, on cardiometabolic risk 
factors in type 2 diabetes. 
 

Volunteers 

Of the 63 randomised volunteers, two withdrew prior to commencement and were not included 
in the analysis (Figure 2).  Sixty one volunteers commenced the study (HPP: n = 32, LPP: n = 
29) with baseline characteristics being comparable between the groups (Table 2).  Attrition 
rates were similar between the groups (P > 0.99) with a total of 17 volunteers withdrawing 
(HPP: n = 9, LPP: n = 8) over the course of the study.   Compared to the completers, the non-
completers had significantly higher BMI (33.5 ± 4.8 kgm2 vs 36.5 ± 5.2 kgm2, P = 0.039), fat 
mass (kg) (36.9 ± 10kg vs 44.7 ± 10.6kg, P = 0.01) and abdominal fat (kg) (4 ± 1kg vs 5 ± 1kg, 
P = 0.001) and lower DBP (80 ± 8mmHg vs 75 ± 7mmHg, P = 0.021). 

 
  

http://www.nature.com/nutd/about/open_access.html
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Figure 2.  Consort Diagram.  
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Table 2.  Participant baseline characteristics, anthropometry, body composition, 
cardiometabolic risk factors and medication usage for all study volunteers and for each 
dietary group at baseline.  

  

  
All  

n = 61 
HPP Diet 

n = 32 
LPP Diet 

n = 29 

Age (years) 55 ± 8 54 ± 8 55 ± 8 

Sex - Male (%) 33 (54) 17 (53) 16 (55) 

       - Female (%) 28 (46) 15 (47) 13 (45) 

Years with T2DM 7.2 ± 5.2 7.9 ± 6.0 6.5 ± 4.2 

Body Composition 

Body Weight (kg) 99.3 ± 16.8 97.3 ± 17.1 101.5 ± 16.6 

BMI (kg/m2) 34.3 ± 5.1 34.3 ± 5.4 34.4 ± 4.7 

Waist Circumference (cm) 112.7 ± 12.4 112.8 ± 12.6 112.5 ± 12.3 

Total Fat Mass (kg)* 39.1 ± 10.6 38.5 ± 10.4 39.9 ± 11.0 

Total Fat Free Mass (kg)* 59.5 ± 12.0 58.8 ± 12.4 60.2 ± 11.7 

Abdominal Fat (kg)* 4.3 ± 1.2 4.3 ± 1.2 4.4 ± 1.2 

Glycemic Control 

HbA1c %  8.1 ± 1.4 8.0 ± 1.3 8.1 ± 1.5 

FBGL (mmol/L) 9.2 ± 3.3 9.1 ± 3.2 9.3 ± 3.5 

Cardiometabolic Health Risk Factors 

Systolic Blood Pressure (mmHg) 133 ± 11 132 ± 13 135 ± 8 

Diastolic Blood Pressure (mmHg) 79 ± 8 78 ± 8 79 ± 7 

Fasting Insulin (mU/L)^ 22.2 ± 13.7 21.7 ± 14.8 22.8 ± 12.6 

HOMA2-IR§ 2.86 ± 1.49 2.88 ± 1.63 2.83 ± 1.37 

Total Cholesterol (mmol/L) 4.6 ± 0.9 4.7 ± 0.9 4.5 ± 0.8 

LDL-C (mmol/L)¥ 2.6 ± 0.8 2.7 ± 0.9 2.5 ± 0.6 

HDL-C (mmol/L) 1.2 ± 0.3 1.2 ± 0.3 1.1 ± 0.3 

Triglycerides (mmol/L) 2.0 ± 1.1 2.0 ± 1.2 2.0 ± 1.0 

C-Reactive Protein (mg/L)† 4.14 ± 3.8 3.72 ± 3.9 4.57 ± 3.8 

Medications 

Medication Effect Score 1.16 ± 0.99 1.11 ± 0.99 1.22 ± 1.0 

Metformin n (%) 37 (61) 19 (59) 18 (64) 

Sulphonylureas n (%) 10 (17) 5 (16) 5 (18) 

GLP-1 Agonists n (%) 4 (7) 2 (7) 2 (7) 

DPP-4 Inhibitors n (%) 5 (9) 2 (7) 3 (11) 

Combination# n (%) 4 (7) 3 (10) 1 (4) 

Insulin n (%) 12 (20) 6 (19) 6 (21) 

Lipid Lowering Medication n (%) 35 (57) 16 (50) 19 (66) 

Antihypertensive Medication n (%) 33 (54) 20 (63) 13 (45) 

Data represents mean ± standard deviation.  All P values > 0.05 for between group differences based 
on independent t-tests. 
BMI, body mass index; DPP-4, Dipeptidyl Peptidase-4; GLP-1, glucagon-like peptide1; HbA1c, 
glycosylated haemoglobin; HDL, high-density lipoproteins; HOMA2-IR, insulin resistance; HPP, higher-
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pork-protein diet; LDL, low-density lipoproteins; LPP, lower-pork-protein diet; T2DM, type 2 diabetes; 
FBGL, fasting blood glucose levels. 
* Dual-energy X-ray absorptiometry scans were not performed for 1 participant (LPP: n = 1) 
^ Fasting insulin data were excluded for 1 participant (HPP: n = 1) 
§ HOMA2-IR was unable to be calculated for 12 volunteers on insulin therapy (HPP: n = 6, LPP: n = 6) 
and 1 participant (HPP: n = 1) due to high baseline fasting insulin level 
¥ LDL-C not calculated for 5 volunteers (HPP: n = 3, LPP: n = 2) due to triglyceride values > 
4.2mmol/L 
† CRP data were excluded for 2 volunteers (HPP: n = 2) because of isolated CRP values > 10mg/L   
# single medication combining 2 classes 
APOEƐ4, presence of allele Ɛ4 (E2/E4, E3/E4, E4/E4) is an indicator of increased risk for Alzheimer’s 
Disease. 

 
 
 

Dietary analysis and physical activity compliance 

Based on the dietary data, volunteers achieved high compliance to their allocated dietary 
prescription (Table 3). 
 
Total energy intake was similar between both groups for each intervention phase.  Compared 
to the LPP diet group, the HPP group consumed significantly more protein and total fat and 
less carbohydrate and fibre (P < 0.05 for each nutrient) for each phase (Table 4).  The higher 
total fat intake in the HPP group was due to higher consumption of meat, reduced-fat cheese 
and nuts. The higher fibre intake in the LPP group was due to higher consumption of mixed-
grain bread and fruit.   
 

Table 3. Compliance (%) to allocated diet.  
 

 HPP LPP 

Tar
get 

Actual 
(mean) 

% compliance Target Actual 
(mean) 

% compliance 

Protein (%en) 
Carbohydrate (%en) 
Fat (%en) 
Fibre (g) 

31 
33 
30 
30 

29 
35 
31 
26 

94 
106 
103 
87 

22 
52 
20 
35 

21 
49 
24 
29 

96 
94 

120 
83 

 %en, % of total energy; HPP, higher pork-protein diet; LPP, lower pork-protein diet. 
 

 
Physical activity compliance (expressed as a % of achieving 150 minutes/week x 12-weeks) 
was good for both groups during weight loss (HPP 141% ± 11%, LPP 184% ± 20%) and weight 
maintenance (HPP 128% ± 16%, LPP 159% ± 23%) with no significant difference between the 
groups in either phase.  As expected, fitness improved over time (P<0.0001) irrespective of 
dietary group (P=0.99).  Following weight loss and weight maintenance, treadmill speed 
increased by 0.6 ± 0.1km/hr (P < 0.001) and 0.3 ± 0.1km/hr (P = 0.003), respectively, with an 
overall increase of 0.9 ± 0.1km/hr (P < 0.001).  
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Table 4.   Dietary energy and macronutrient composition in the weight loss (week 12) 
and weight maintenance (week 24) phase. 

 
 Weight loss phase Weight maintenance phase 

 HPP 
(n=31) 

LPP 
(n=28) 

Diet* HPP 
(n=23) 

LPP 
(n=22) 

Diet* 

Energy (kJ) 6236 ± 617 5945 ± 866 0.140 7267 ± 
1022 

6975 ± 
1038 

0.347 

Carbohydrate (g) 132.4 ± 18.6 179.6 ± 22.2 <0.001 149.2 ± 
18.8 

199.3 ± 
23.6 

<0.001 

Carbohydrate 
(%en) 

34.5 ± 3.7 49.6 ± 3.9 <0.001 33.6 ± 3.2 47.2 ± 4.5 <0.001 

Protein (g) 107.1 ± 10.0 73.8 ± 10.0 <0.001 121.3 ± 
19.6 

82.1 ± 12.5 <0.001 

Protein (%en) 29.4 ± 2.3 21.3 ± 1.7 <0.001 28.5 ± 2.8 20.1 ± 1.5 <0.001 

Total Fat (g) 50.9 ± 6.9 36.1 ± 9.7 <0.001 62.2 ± 10.4 47.8 ± 11.7 <0.001 

Total Fat (%en) 30.1 ± 2.4 22.1 ± 3.8 <0.001 31.6 ± 2.9 25.1 ± 3.6 <0.001 

Saturated (%TF)  34.8 ± 3.4 32.7 ± 4.6 0.044 36.0 ± 4.4 33.3 ± 3.9 0.039 

MUFA (%TF) 46.7 ± 2.8 45.3 ± 4.3 0.143 46.3 ± 2.5 45.5 ± 3.8 0.371 

PUFA (%TF)  18.5  ± 2.0 22.0 ± 5.1 0.002 17.7 ± 3.1 21.2 ± 4.2 0.002 

Dietary Fibre (g) 25.0 ± 4.6 28.5 ± 4.3 0.005 25.7 ± 5.3 28.9 ± 5.0 0.043 

Data are means ± standard deviation.  
%en: percent of energy; MUFA, monounsaturated fat; PUFA, polyunsaturated fat; %TF, percent of 
total fat; HPP, higher pork-protein diet; LPP, lower pork-protein diet.   
*Comparison of differences between diets analysed with independent student t-tests.  

 
 

Body weight and composition 

Both the HPP and LPP achieved a significant reduction in weight during the weight loss phase 
(P < 0.001) with no difference between groups (HPP:-8.0 ± 0.8kg; LPP: -7.6 ± 0.8kg: P = 0.20). 
Weight lost during the weight loss phase was maintained for both groups in the weight 
maintenance phase with no significant change (Figure 3).    
 
Fat mass (kg) decreased significantly following weight loss (P < 0.001) with no difference 
between groups (HPP: -6.7 ± 0.7kg; LPP: -5.5 ± 0.6kg: P = 0.24) and remained unchanged 
during phase 2 (HPP: -1.1 ± 0.5 kg; LPP: -0.4 ± 0.5kg).  Lean body mass (kg) decreased 
significantly following weight loss (P < 0.001) for both groups (HPP: -1.2 ± 0.4kg; LPP: -1.8 ± 
0.4kg) but did not change in either group in during phase 2 (HPP: 0.1 ± 0.3 kg; LPP: 0.1 ± 0.3 
kg).  There was no difference between groups for either phase.  Waist circumference 
decreased significantly in the weight loss phase for both groups which did not change in the 
weight maintenance phase nor was it different between diets. 
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Figure 3.  Weight change (kg) at week 12 (end of weight loss) and 24 (end of weight 
maintenance) from baseline for each dietary group.  
 

 

 
 
 

Glycemic control 

FBGL decreased in both groups following weight loss (HPP: -2.3 ± 0.5mmol/L, LPP: -2.8 ± 
0.6mmol/L; P < 0.001 for time) but did not change during phase 2 (HPP: 0.2 ± 0.3, LPP: 0.3 ± 
0.3mmol/L) (Figure 4).  Fasting insulin levels decreased in both groups following weight loss 
(HPP: -8.1 ± 1.9mU/L, LPP: -8.9 ± 1.9mU/L; P < 0.001 for time) and remained stable during 
phase 2 (HPP: -1.4 ± 1.3mU/L, LPP: 0.9 ± 1.3mU/L).  Following weight loss, HbA1c (%) 
decreased in both groups (HPP: -1.5 ± 0.2%, LPP: -1.3 ± 0.2%; P < 0.001 for time) with no 
further change seen in phase 2 (HPP: 0.2 ± 0.2, LPP: -0.2 ± 0.2%.  There was no difference 
in glycemic control between diets. 
 

 
Figure 4.  Change in HbA1c (%) at week 12 (end of weight loss) and 24 (end of weight 
maintenance) from baseline for each dietary group.  
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Medication Effect Score (MES) 

The MES decreased in both groups following weight loss (HPP: -0.21 ± 0.06, LPP: -0.04 ± 
0.07; P =0.03 for time) but did not change during the phase 2 (HPP: 0.07 ± 0.04, LPP: -0.05 ± 
0.05).  There were no differences between the groups for any time point (P = 0.09 for group x 
time). 
 

Cardiometabolic Risk Factors 

Blood pressure at baseline was within recommended values for both groups (Table 5); 54% of 
volunteers were on antihypertensive medication.  Both systolic blood pressure (SBP) and DBP 
decreased following weight loss (P < 0.001 for time) and remained stable during phase 2 (P 
=0.79 for time).  There was no difference between the groups for either phase (SBP: P = 0.09, 
DBP: P = 0.08, group x time).  Furthermore, over the course of the study, antihypertensive 
medication dosage was reduced for 7 volunteers (HPP n=5, LPP n=2) and increased for 1 
participant in the LPP group by their GP.   
 

HOMA2-IR decreased significantly (P < 0.001) following weight loss and remained stable 
during weight maintenance, with no difference between the groups during either phase.   CRP 
analysis excluded isolated values >10mg/L for 6 volunteers (HPP: n = 5, LPP: n = 1) as these 
values may represent an acute infection or inflammation [9].  CRP did not differ between the 
groups for either phase (P = 0.99 for group x time), however following weight loss, CRP 
significantly decreased (P = 0.03) in both groups but was not statistically different during the 
weight maintenance phase.   

 
Baseline values indicated that triglyceride levels were higher than current recommendations 
of ≤ 1.7mmol/L but LDL and HDL were within targets (American Diabetes Association) with 
57% of volunteers taking lipid-lowering medication.  TC significantly decreased following 
weight loss (P < 0.001 for time) but rebounded during weight maintenance (P = 0.01 for time) 
with no differences between groups at any time point (P = 0.06 group x time, Table 3). LDL-C 
decreased in both groups following weight loss (P = 0.02) and remained unchanged during 
weight maintenance with no difference between groups.  There was a small significant increase 
in HDL-C over time (HPP: 0.03 ± 0.03, LPP: 0.11 ± 0.03, P = 0.01) but was not significantly 
different between groups (P = 0.57).  Triglycerides decreased in both groups following weight 
loss (P < 0.001) with no difference during the weight maintenance phase.  Over the course of 
the study, lipid-lowering medication was reduced in 4 volunteers (HPP n=1, LPP n=3) and 
increased in 1 participant in the HPP group.  
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Table 5.  Cardiometabolic health outcomes for both dietary groups at week 12 (end of weight loss) and week 24 (end of weight maintenance) 
and overall (from baseline to week 24 -end of weight maintenance).  

 

 Weight Loss Weight Maintenance Overall: Baseline to week 24 

 Week 12 Change*  Time# Week 24 Change^ Time# Change* Time# Group x Time 

BMI (kg/m2)   < 0.001   0.37  < 0.001 0.53 

HPP 1.49 ± 0.01 -2.80 ± 0.25  1.49 ± 0.01 -0.30 ± 0.19  -3.10 ± 0.39   

LPP 1.50 ± 0.01 -2.56 ± 0.26  1.5 ± 0.01 -0.01 ± 0.20  -2.57 ± 0.40   

Waist circumference (cm)   < 0.001   0.16  < 0.001 0.47 

HPP 104.2 ± 2.1 -8.5 ± 0.9  103.2 ± 2.2 -1.0 ± 0.6  -9.6 ± 1.2   

LPP 105.6 ± 2.2 -7.0 ± 0.9  105.0 ± 2.3 -0.6 ± 0.6  -7.5 ± 1.2   

Fat mass (kg) †   < 0.001   0.10  < 0.001 0.44 

HPP 31.8 ± 1.9 -6.7 ± 0.7  30.7 ± 2.0 -1.1 ± 0.5  -7.8 ± 1.0   

LPP 35.1 ± 2.0 -5.5 ± 0.7  34.7 ± 2.0 -0.4 ± 0.5  -5.9 ± 1.1   

Lean body mass (kg) †   < 0.001   > 0.99  < 0.001 0.56 

HPP 57.6 ± 2.1 -1.2 ± 0.4  57.8 ± 2.0 0.10 ± 0.3  -1.1 ± 0.5   

LPP 58.9 ± 2.2 -1.8 ± 0.4  59.0 ± 2.1 0.13 ± 0.3  -1.7 ± 0.5   

Abdominal fat mass (kg) †   < 0.001   0.09  < 0.001 0.57 

HPP 3.4 ± 0.2 -0.9 ± 0.1  3.3 ± 0.2 -0.2 ± 0.1  -1.0 ± 0.1   

LPP 3.7 ± 0.2 -0.7 ± 0.1  3.7 ± 0.2 -0.1 ± 0.1  -0.8 ± 0.2   

SBP (mmHg)#   < 0.001   0.79  < 0.001 0.09 

HPP 123.9 ± 2.5 -7.9 ± 1.2  119.5 ± 2.3 -4.4 ± 1.8  -12.3 ± 1.2   

LPP 123.8 ± 2.6 -11.2 ± 2.0  125.2 ± 2.4 1.4 ± 1.9  -9.8 ± 1.9   

DBP (mmHg) #   < 0.001   > 0.99  < 0.001 0.08 

HPP 72.3 ± 1.4 -6.2 ± 1.2  70.7 ± 1.6 -1.5  ± 1.1  -7.7 ± 1.4   

LPP 71.9 ± 1.5 -7.2 ± 1.3  74.1 ± 1.7 2.3 ± 1.2  -4.9 ± 1.4   
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HOMA2_IRǂ   < 0.001   > 0.99  <0.001 0.47 

HPP 1.15 ± 0.21 -1.10 ± 0.28  0.88 ± 0.19 -0.28 ± 0.16  -1.38 ± 0.28   

LPP 1.04 ± 0.22 -1.20 ± 0.29  1.14 ± 0.20 0.09 ± 0.17  -1.11 ± 0.29   

CRP (mg/L)¥   0.001   0.36  < 0.001 0.58 

HPP 2.39 ± 0.61 -1.61 ± 0.50  2.24 ± 0.51 -0.16 ± 0.39  -1.77 ± 0.43   

LPP 3.50 ± 062 -1.07 ± 0.49  2.78 ± 0.54 -0.72 ± 0.39  -1.79 ± 0.44   

Total cholesterol (mmol/L)   < 0.001   0.01  0.06 0.06 

HPP 4.1 ± 0.2 -0.6 ± 0.1  4.3 ± 0.2 0.3 ± 0.1  -0.4 ± 0.1   

LPP 4.2 ± 0.2 -0.2 ± 0.1  4.4 ± 0.2 0.2 ± 0.1  -0.03 ± 0.1   

LDL-C (mmol/L)§   0.02   > 0.99  0.23 0.20 

HPP 2.3 ± 0.2 -0.3 ± 0.1  2.4 ± 0.2 0.02 ± 0.1  -0.3 ± 0.1   

LPP 2.4 ± 0.2 -0.1 ± 0.1  2.5 ± 0.2 0.1 ± 0.1  -0.004 ± 0.2   

HDL-C (mmol/L)   > 0.99   0.01  0.01 0.11 

HPP 1.1 ± 0.05 -0.05 ± 0.03  1.2 ± 0.05 0.1 ± 0.04  0.03 ± 0.03   

LPP 1.2 ± 0.05 0.02 ± 0.03  1.3 ± 0.06 0.1  0.04  0.1 ± 0.03   

Triglycerides (mmol/L)   < 0.001   0.94  0.01 0.16 

HPP 1.3 ± 0.1 -0.8 ± 0.2  1.6 ± 0.2 0.3 ± 0.2  -0.4 ± 0.2   

LPP 1.5 ± 0.1 -0.5 ± 0.2  1.5 ± 0.2 -0.03 ± 0.2  -0.6 ± 0.2   

Data is represented by Means ± SEM for the 59 volunteers who commenced the study.  HPP: higher-pork-protein diet (n=32); LPP: lower-pork-protein diet (n=29).* 
Change from baseline, ^ Change from phase 1. #P Values for post-hoc tests are only given where a significant difference in time was seen.  There were no 
significant differences between diets (P > 0.05 for all variables). 
† Dual-energy X-ray absorptiometry scans were not performed at baseline for 1 participant (LPP = 1). 
# Systolic and Diastolic BP readings excluded from analysis for 1 participant (HPP n = 1) at Week 24 due to high reading, § LDL cholesterol could not be calculated 
for 5 volunteers at baseline (HPP n = 3, LPP n = 2) due to triglycerides levels > 4.2mmol/L. 
ǂHOMA2-IR could not be calculated on 12 people due to insulin therapy (HPP n = 6, LPP n = 6) and 1 participant (HPP n = 1) due to high fasting insulin level at 
baseline and blood sample not taken at Week 24. 
¥ Isolated CRP values >10mg/L were not included for 6 volunteers (HPP n = 5, LPP n= 1). 
BP, blood pressure; BMI, Body mass index; CRP, C-reactive protein; HDL-C, high-density lipoproteins; HOMA2-IR, homeostasis model of assessment index 2 of 
insulin resistance; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure. 
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Food Cravings 

Food Craving Inventory (FCI) 

Baseline values for the FCI, G-FCG-T and G-FCQ-S are presented in Table 6. The internal 
consistency for the FCI questionnaire at baseline was very good, with Cronbach’s alpha 
coefficient for the total score being 0.87 and the subscales ranged from 0.81 to 0.85.  General 
food cravings decreased significantly following weight loss (P = 0.03) and remained stable 
during weight maintenance, with no difference between the groups for either phase (P = 0.44 
for group x time).  Cravings for high fat foods, sweets and fast foods diminished over the course 
of the study (P < 0.03 for each subscale) with no group effect (P > 0.10 for all group x time 
interactions) (Table 7).  There were no changes to carbohydrate cravings.   
 

General Food Craving Questionnaire –Trait (G-FCQ-T) 

The internal consistency for the G-FCQ-T questionnaire at baseline was high with Cronbach’s 
alpha coefficient for the total score being 0.90 and the subscales ranged from 0.85 to 0.95.  As 
indicated by the total score, general traits around food cravings significantly decreased at week 
12 (P = 0.02) and again at week 24 (P = 0.04) with no diet effect.  Over the course of the study, 
scores for ‘preoccupation with food’, ‘emotional eating’ and ‘positive outcome expectancy’ 
significantly reduced (P > 0.01) with no diet effect at any time point (P > 0.43 for group x time).  
At week 12, the LPP group had significantly reduced feelings of ‘losing control when eating’ 
than the HPP group (HPP:-2.6 ± 1.2, LPP: -3.2 ± 1.3, P = 0.03 for diet) but by week 24, both 
groups showed similar results (P = 0.14 for diet).  Table 7 outlines the changes in the G-FCQ-
T scores.   
 

General Food Craving Questionnaire –State (G-FCQ-S) 

The internal consistency for the G-FCQ-S questionnaire at baseline was very good with 
Cronbach’s alpha coefficient for the total score being 0.91 and the subscales ranged from 0.86 
to 0.94.  There were no significant changes to the total score or any of the subscales, except 
for the ‘obsessive preoccupation with food’ scale which decreased over the course of the study 
(P = 0.003) but there were no diet effects (P = 0.30 for group x time) (Table 7).   
 
Medium to large positive associations were seen between changes in BMI and changes to all 
FCI subscales and several G-FCQ-T subscales (Table 8). No associations were seen for 
HbA1c or HOMA2-IR or any G-FCQ-S outcomes.  
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Table 6.  Baseline scores for food cravings questionnaires for all volunteers and for 
each dietary group.  
 

 All 
n = 61 

HPP  
n = 32 

LPP  
n = 29 

Food Craving Inventory (FCI)* 

High Fat Foods 1.83 ± 0.08 1.9 ± 0.11 1.76 ± 0.12 

Sweets 2.13 ± 0.09 2.15 ± 0.13 2.11 ± 0.14 

Carbohydrates 2.20 ± 0.09 2.29 ± 0.12 2.12 ± 0.13 

Fast Foods 2.32 ± 0.11 2.48 ± 0.15 2.17 ± 0.16 

FCI Total Score 2.12 ± 0.08 2.20 ± 0.11 2.04 ± 0.12 

General Food Craving Questionnaire – Trait (G-FCQ-T)* 

Preoccupation with Food 14.21 ± 0.96 15.49 ± 1.32 12.93 ± 1.39 

Loss of Control 18.53 ± 0.99 20.16 ± 1.35 16.89 ± 1.42 

Positive Outcome Expectancy 12.48 ± 0.64 13.03 ± 0.89 11.93 ± 0.93 

Emotional Eating 11.99 ± 0.78 12.90 ± 1.07 11.07 ± 1.12 

G-FCQ-T Total Score 57.20 ± 2.98 61.58 ± 4.10 52.82 ± 4.32 

General Food Craving Questionnaire – State (G-FCQ-S)^ 

Intense Desire for Food 7.32 ± 0.49 7.89 ± 0.69 6.75 ± 0.70 

Anticipation of Positive 
Reinforcement 

6.90 ± 0.38 7.29 ± 0.53 6.50 ± 0.54 

Anticipation of Relief 7.04 ± 0.41 6.62 ± 0.57 7.46 ± 0.58 

Obsessive Preoccupation with 
Food 

6.85 ± 0.43 7.24 ± 0.60 6.46 ± 0.61 

Craving Physiological 6.92 ± 0.40 6.69 ± 0.57 7.14 ± 0.58 

G-FCQ-S Total Score 35.04 ± 1.83 35.76 ± 2.56 34.32 ± 2.62 
Data expressed as mean ± SE.  All P values are > 0.05.  
* n = 59, missing data (HPP n = 1, LPP n = 1) 
^ n = 58, missing data (HPP n = 2, LPP n = 1) 
HPP, higher pork-protein; LPP, lower pork-protein. 
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Table 7.   Food Cravings outcomes for both dietary groups at week 12 (end of weight loss) and week 24 (end of weight maintenance) 
and overall (from baseline to week 24 – end of weight maintenance). 
 

 Weight Loss Weight Maintenance Overall: Baseline to week 24 

 Week 12 Change*  Time# Week 24 Change¥  Time# Change* Time# Group x Time 

Food Craving Inventory (FCI)ǂ 

High Fats  0.37   0.43  0.03 0.69 

HPP 1.66 ± 0.10 -0.24 ± 0.12  1.63 ± 0.10 -0.03 ± 0.09  -0.27 ± 0.12   

LPP 1.66 ± 0.10 -0.10 ± 0.12  1.53 ± 0.11 -0.13 ± 0.09  -0.23 ± 0.13   

Sweets  0.04   >0.99  0.02 0.90 

HPP 1.82 ± 0.10 -0.33 ± 0.13  1.82 ± 0.10 0.002 ± 0.09  -0.33 ± 0.11   

LPP 1.85 ± 0.10 -0.26 ± 0.13  1.86 ± 0.11 0.005 ± 0.01  -0.26 ± 0.12   

Carbohydrates  0.46   > 0.99  0.09 0.40 

HPP 1.97 ± 0.14 -0.31 ± 0.17  2.00 ± 0.15 0.03 ± 0.14  -0.28 ± 0.17   

LPP 2.08 ± 0.14 -0.05 ± 0.18  1.87 ± 0.15 0.21 ± 0.14  -0.26 ± 0.17   

Fast Foods  0.03   0.63  0.002 0.10 

HPP 2.02 ± 0.13 -0.46 ± 0.14  1.91 ± 0.14 -1.11 ± 0.12  -0.57 ± 0.14   

LPP 2.10 ± 0.14 -0.07 ± 0.14  2.00 ± 0.14 -0.12 ± 0.13  -0.18 ± 0.15   

FCI Total Score  0.03   0.90  0.003 0.44 

HPP 1.87 ± 0.09 -0.34 ± 0.12  1.84 ± 0.10 -0.02 ± 0.09  -0.36 ± 0.12   

LPP 1.92 ± 0.09 -0.12 ± 0.12  1.81 ± 0.10 -0.11 ± 0.09  -0.23 ± 0.12   

General Food Craving Questionnaire – Trait (G-FCQ-T)* 

Preoccupation with Food  0.30   0.07  0.004 0.64 

HPP 13.23 ± 0.86 -2.25 ± 1.15  11.77 ± 0.99 -1.47 ± 0.75  -3.72 ± 1.03   

LPP 11.07 ± 0.89 -1.86 ± 1.20  10.69 ± 1.02 -0.38 ± 0.77  -2.24 ± 1.07   

Loss of Control  0.01   0.09  <0.001 0.56 

HPP 17.56 ± 1.23 -2.60 ± 1.23  15.55 ± 1.2 -2.01 ± 0.84  -4.61 ± 1.19   

LPP 13.65 ± 1.27 -3.24 ± 1.27  12.93 ± 1.24 -0.72 ± 0.86  -3.96 ± 1.23   

Positive Outcome Expectancy > 0.99   0.004  0.01 0.49 

HPP 12.24 ± 0.91 -0.80 ± 1.0  10.10 ± 0.76 -2.14 ± 0.72  -2.93 ± 0.92   
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LPP 12.00 ± 0.93 0.04 ± 1.01  10.53 ± 0.78 -1.43 ± 0.74  -1.40 ± 0.95   

Emotional Eating 0.02   0.62  0.001 0.88 

HPP 11.15 ± 0.84 -1.76 ± 0.79  10.39 ± 0.85 -0.76 ± 0.64  -2.52 ± 0.79   

LPP 9.50 ± 0.87 -1.58 ± 0.82  9.08 ± 0.88 -0.41 ± 0.66  -1.99 ± 0.82   

G-FCQ-T Total Score  0.02   0.04  <0.001 0.53 

HPP 54.17 ± 3.25 -7.44 ± 3.49  47.82 ± 3.32 -6.33 ± 2.48  -13.76 ± 
3.34 

  

LPP 46.15 ± 3.35 -6.68 ± 3.61  43.23 ± 3.43 -2.92 ± 2.53  -9.59 ± 3.45   

General Food Craving Questionnaire – State (G-FCQ-S)^ 

Intense Desire to Eat  > 0.99   0.74  0.89 0.13 

HPP 8.21 ± 0.58 0.33 ± 0.84  6.62 ± 0.64 -1.60 ± 0.69  -1.27 ± 0.87   

LPP 6.29 ± 0.60 -0.46 ± 0.86  6.72 ± 0.65 0.43 ± 0.71  -0.03 ± 0.88   

Anticipation of Positive Reinforcement > 0.99   0.80  0.29 0.13 

HPP 7.16 ± 0.51 -0.14 ± 0.62  5.81 ± 0.53 -1.35 ± 0.59  -1.48 ± 0.69   

LPP 5.93 ± 0.52 -0.57 ± 0.63  6.33 ± 0.54 0.40 ± 0.60  -0.18 ± 0.70   

Anticipation of Relief  0.37   > 0.99  0.08 0.07 

HPP 6.71 ± 0.52 0.09 ± 0.63  5.31 ± 0.55 -1.40 ± 0.64  -1.31 ± 0.66   

LPP 5.96 ± 0.53 -1.50 ± 0.64  6.61 ± 0.57 0.65 ± 0.66  -0.85 ± 0.67   

Obsessive Preoccupation with Food 0.04   0.59  0.002 0.22 

HPP 6.58 ± 0.48 -0.66 ± 0.62  5.57 ± 0.49 -1.01 ± 0.47  -1.68 ± 0.60   

LPP 4.86 ± 0.49 -1.61 ± 0.62  4.99 ± 0.51 0.13 ± 0.48  -1.48 ± 0.61   

Cravings (Physiological)  0.17   > 0.99  0.12 0.81 

HPP 5.90 ± 0.59 -0.80 ± 0.78  5.87 ± 0.58 -0.02 ± 0.74  -0.82 ± 0.75   

LPP 5.76 ± 0.60 -1.39 ± 0.80  5.70 ± 0.60 -0.06 ± 0.76  -1.44 ± 0.76   

G-FCQ-S Total Score  0.54   0.90  0.11 0.16 

HPP 34.57 ± 2.22 -1.20 ± 2.82  29.18 ± 2.26 -5.38 ± 2.49  -6.58 ± 2.95   

LPP 28.73 ± 2.27 -5.59 ± 2.86  30.30 ± 2.31 1.57 ± 2.55  -4.03 ± 3.01   

Data reported as mean ± SE.  ǂ n = 59, ^ n = 58. * Change from baseline; ¥ Change from phase 1. #P Values for post-hoc tests are only given where a 
significant difference in time was seen.  There were no significant differences between diets (P > 0.05 for all variables).  HPP, higher-pork-protein diet; 
LPP, lower-pork-protein diet. 
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Table 8.  Partial correlation analyses between changes in BMI and changes in food 
craving questionnaire responses.  

 
FCI Subscale*^ Partial 

Correlation 
G-FCQ-T Subscale*^ Partial Correlation 

High fats r = 0.40, P = 0.01 Preoccupation with food r = 0.41, P = 0.01 

Sweets r = 0.32, P = 0.04 Loss of control r = 0.40, P = 0.01 

Carbohydrates r = 0.53, P < 0.001 Positive outcome 
expectancy 

r = 0.44, P < 0.003 

Fast foods r = 0.49, P = 0.001   
* n = 42, ^ Adjusted for age, gender and years with T2DM. 
FCI, Food Craving Inventory; G-FCQ-T, General Food Craving Questionnaire – Trait. 

 
 

Psychological wellbeing questionnaires 

Problem areas in diabetes (PAID) 

Baseline values for the psychological wellbeing questionnaires are presented in Table 9. The 
internal consistency for the PAID questionnaire at baseline was very good, with Cronbach’s 
alpha coefficient for the total score being 0.95.  There were no significant differences between 
the groups at baseline (Table 10).  The total score indicated a decrease in diabetes-related 
issues at both Week 12 (P < 0.001) and Week 24 (P = 0.03) with no significant difference 
between groups at any time point (group x time interaction P = 0.17).  The percentage of 
volunteers with a total score ≥ 40 (indicating greater risk for diabetes-related stress) decreased 
at Week 12 (HPP: 22 to 14%, LPP: 24 to 0%) with HPP group decreasing further at Week 24 
(HPP: 14 to 4%).   Changes in the PAID scores were not associated with changes in weight, 
BMI or HbA1c (P > 0.06). 
 

Diabetes – 39 Quality of life questionnaire (D-39) 

The internal consistency for the D-39 questionnaire at baseline was very good with Cronbach’s 
alpha coefficients for the subscales ranging from 0.82 to 0.94.  There were no significant 
differences between the groups at baseline (Table 10).  Perception about ‘diabetes control’ 
improved over the course of the study with scores significantly decreasing with time (P = 0.04), 
but similarly between the groups (P = 0.28 for group x time).  ‘Energy and mobility’ scores 
decreased at Week 12 (P < 0.001) indicating improvement; however by Week 24 these were 
no longer significant (P = 0.26) and there were no differences between groups (P 0.52 for 
group x time).  Volunteers’ impression of the ‘overall severity of their diabetes’ improved at 
Week 12 (P < 0.001) and again at Week 24 (P = 0.001) with no differences between the groups 
(P = 0.15 for group x time).  Scores for ‘overall quality of life’ increased significantly at Week 
12 (P = 0.02) for both groups (signifying an improvement in quality of life) but by Week 24 this 
rebounded and was no longer significant (P = 0.36).  There were no differences between the 
groups at any time point (P = 0.29 for group x time).  There were no significant changes over 
time or between diets for feelings of ‘anxiety and worry’, ‘social burden’ or ‘sexual functioning’ 
(P > 0.10 for time, P > 0.54 for diet for all variables).   
 

Perceived Stress Scale (PSS-10) 

The internal consistency for the PSS-10 questionnaire at baseline was very good with 
Cronbach’s alpha coefficient for the total score being 0.91.  The total score did not change 
significantly over the course of the study (P > 0.99) for either group.  There were no significant 
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differences between the groups at baseline (Table 10) or any time points (P = 0.85 for group x 
time) (Table 9).   

Short-form health survey version 2 (SF-36v2) 

At baseline there were no significant differences between the groups (Table 9).  General health 
scores improved following weight loss (P = 0.002) and stayed stable after weight maintenance 
with no difference between groups (Table 10).  There was a group x time difference for Vitality 
(P = 0.03) with the HPP showing greater improved following weight loss (HPP: 12.1 ± 2.8mm, 
LPP: 2.1 ± 2.9mm, P < 0.01 [time]) which remained at Week 24 (HPP: 6.9 ± 2.6mm, P = 0.04 
[time], LPP: 5.8 ± 2.7mm, P =0.12 [time]) (Table 10).  No significant changes were seen in 
physical functioning, bodily pain, social burden role-emotional, mental health, physical 
component summary or mental component summary (P > 0.05 for all scores).  There were no 
significant differences between the groups (P > 0.05 for all scores).   
 

Leeds sleep evaluation questionnaire (LSEQ) 

The internal consistency for the LSEQ at baseline was acceptable with Cronbach’s alpha 
coefficients for the subscales ranging from 0.60 to 0.94.  There were no significant differences 
between the groups at baseline (Table 10).  There were no significant changes over the course 
of the study for either group for ‘getting to sleep’ (GTS) or ‘behaviour following awakening’ 
(BFW) (P > 0.05 for time and diet) (Table 10).  ‘Quality of sleep’ (QOS) significantly improved 
at Week 12 (P = 0.01) similarly between the groups (P = 0.36) but rebounded at the end of the 
weight maintenance phase indicating no significant overall effect (P = 0.06).  Changes in QOS 
showed a large positive association with changes in BMI (r = 0.53, n = 44, P < 0.001) which 
remained when adjusted for age.  ‘Awakening following sleep’ (AFS) showed a significant 
rebound between Weeks 12 and 24 (P = 0.01) but the overall change from baseline was non-
significant (P > 0.99) and there was no difference between the groups (P = 0.59).    Over the 
course of the study, there was a group x time interaction for QOS scores (P = 0.03) with a 
significant decrease in the HPP group (-11.7 ± 3.5, P = 0.01) compared to the LPP diet (1.65 
± 3.7, P > 0.99).  AFS again showed a significant rebound in scores between Weeks 12 and 
24 (P = 0.02) but overall there was no significant difference from baseline (P > 0.99) or between 
groups (P = 0.48). 
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Table 9.  Baseline scores for psychological well-being questionnaires for all volunteers 
and for each dietary group. 
  

 All 
n = 61 

HPP  
n = 32 

LPP 
n = 29 

Problem Areas in Diabetes (PAID) 

PAID Total Score (% ≥ 40) 24.7 ± 2.5 (23) 23.8 ± 3.4 (22) 25.5 ± 3.6 (24) 

Diabetes – 39 Quality of life questionnaire (D-39) 

Diabetes Control 25.4 ± 2.4 24.2 ± 3.3 26.6 ± 3.4 

Anxiety and Worry 35.5 ± 2.7 36.8 ± 3.7 34.3 ± 3.8 

Energy and Mobility 24.9 ± 1.8 24.3 ± 2.5 25.5 ± 2.7 

Social Burden 14.3 ± 1.7 15.4 ± 2.3 13.2 ± 2.4 

Sexual Functioning 23.3 ± 3.4 22.4 ± 4.7 24.2 ± 4.9 

Overall Quality of Life 68.3 ± 2.3 66.7 ± 3.2 69.9 ± 3.4 

Overall Severity of Diabetes 50.7 ± 3.0 48.8 ± 4.2 52.7 ± 4.4 

Perceived Stress Scale -10 

PSS-10 Total Score 13.9 ± 0.9 14.6 ± 1.2 13.2 ± 1.3 

SF-36 v2 Health Survey™ (SF-36v2) 

Physical Functioning 80.75 ± 1.92 80.78 ± 2.64 80.73 ± 2.79 

Role–Physical 84.59 ± 2.16 82.97 ± 2.98 86.21 ± 3.14 

Role–Emotional 87.00 ± 2.05 87.93 ± 2.81 86.08 ± 2.98 

General Health 60.48 ± 2.54 60.31 ± 3.51 60.66 ± 3.68 

Vitality 57.60 ± 2.31 56.50 ± 3.17 58.71 ± 3.36 

Social Functioning 87.24 ± 2.38 88.27 ± 3.28 86.21 ± 3.45 

Bodily Pain 69.30 ± 2.64 69.85 ± 3.62 68.74 ± 3.84 

Mental Health 75.84 ± 2.04 76.92 ± 2.80  74.77 ± 2.97 

Physical Component Summary 49.48 ± 0.69 49.17 ± 0.95 49.79 ± 1.00 

Mental Component Summary 51.50 ± 1.06 51.97 ± 1.46 51.03 ± 1.54 

Leeds Sleep Evaluation Questionnaire  

‘Typical night sleep’    

Getting To Sleep 25.6 ± 3.5 23.4 ± 4.8 27.8 ± 5.0 

Quality Of Sleep 43.2 ± 3.2 44.1 ± 4.4 42.4 ± 4.6 

 Awakening From Sleep 23.1 ± 2.7 21.0 ± 3.7 25.2 ± 3.9 

Behaviour Following 
Wakefulness 

29.9 ± 2.8 29.8 ± 3.8 30.0 ± 4.0 

Data expressed as mean ± SEM.  All P values are > 0.05. Higher scores indicate poorer health except 
for the D-39 subscale ‘Overall Quality of Life’ where a higher score indicates better health. 
HPP, higher pork-protein; LPP, lower pork-protein. 
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Table 10.   Psychological well-being outcomes for both dietary groups at week 12 (end of weight loss) and week 24 (end of weight 
maintenance) and overall (from baseline to week 24 - end of weight maintenance).  

 Weight Loss Weight Maintenance Overall P Values # 

 Week 12 Change*  Time# Week 24 Change^ Time# Change* Time Group x Time 

Problem Areas in Diabetes (PAID) 

PAID Total Score  < 0.001   0.03  < 0.001 0.17 

HPP 18.1 ± 2.9 -5.7 ± 2.5  13.0 ± 2.4 -5.1 ± 1.6  -10.8 ± 2.6   

LPP 14.7 ± 3.0 -10.8 ± 2.6  14.4 ± 2.5 -0.3 ± 1.7  -11.1 ± 2.7   

Diabetes-39 Quality of Life (D-39) 

Diabetes Control  0.22   0.57  0.04 0.28 

HPP 21.0 ± 2.3 -3.3 ± 3.0  19.7 ± 2.6 -1.3 ± 2.1  -4.5 ± 2.5   

LPP 17.3 ± 2.4 -9.3 ± 3.2  18.9 ± 2.7 1.6 ± 2.3  -7.7 ± 2.6   

Anxiety and Worry       0.14 0.65 

HPP 32.9 ± 3.4 -3.8 ± 3.0  33.9 ± 3.6 1.0 ± 2.9  -2.9 ± 3.0   

LPP 28.5 ± 3.5 -5.8 ± 3.1  31.4 ± 3.7 3.0 ± 3.0  -2.9 ± 3.2   

Social Burden       0.36 0.15 

HPP 13.7 ± 2.0 -1.7 ± 2.0  11.5 ± 2.1 -2.2 ± 2.2  -3.9 ± 2.6   

LPP 10.4 ± 2.0 -2.8 ± 2.0  14.1 ± 2.2 3.7 ± 2.3  0.9 ± 2.7   

Sexual Functioning       0.10 0.99 

HPP 14.5 ± 3.9 -8.0 ± 3.5  19.0 ± 4.5 4.6 ± 3.4  -3.4 ± 3.1   

LPP 21.2 ± 4.1 -3.0 ± 3.6  20.1 ± 4.7 -1.1 ± 3.5  -4.0 ± 3.2   

Energy and Mobility  < 0.001   0.26  <0.001 0.52 

HPP 19.6 ± 2.3 -4.6 ± 2.1  22.0 ± 2.5 2.4 ± 2.3  -2.2 ± 1.7   

LPP 17.8 ± 2.4 -7.8 ± 2.2  23.3 ± 2.6 5.5 ± 2.4  -2.2 ± 1.8   

Overall Quality of Life  0.02   0.86  0.03 0.36 

HPP 77.9 ± 3.2 11.2 ± 3.8  71.7 ± 3.3 -6.3 ± 3.8  4.9 ± 4.1   

LPP 74.1 ± 3.2 4.3 ± 4.0  74.3 ± 3.4 0.2 ± 4.0  4.5 ± 4.3   

Overall Severity of Diabetes 0.001   0.79  <0.001 0.15 

HPP 43.0 ± 3.4 -5.8 ± 3.8  42.1 ± 4.0 -0.9 ± 3.7  -6.7 ± 3.1   

LPP 36.0 ± 3.5 -16.7 ± 4.0  42.9 ± 4.2 6.9 ± 3.8  -9.7 ± 3.2   
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Perceived Stress Scale (PSS-10) 

PSS-10 Total Score  0.09   0.11  0.02 0.85 

HPP 12.8 ± 1.1 -1.8 ± 1.0  14.9 ± 1.5 2.1 ± 1.0  0.3 ± 1.4   

LPP 11.7 ± 1.2 -1.5 ± 1.1  13.0 ± 1.6 1.2 ± 1.1  -0.3 ± 1.4   

SF-36 v2 Health Survey         

Physical Functioning        0.05 0.38 

HPP 82.8 ± 3.1 2.0 ± 2.0  85.0 ± 3.0 2.2 ± 2.0  4.2 ± 2.2   

LPP 85.1 ± 3.3 4.4 ± 2.0  83.2 ± 3.2 -1.9 ± 2.1  2.5 ± 2.2   

Role Physical  0.08   0.05  0.03 0.37 

HPP 89.3 ± 3.2 6.4 ± 2.6  84.7 ± 3.7 -4.7 ± 2.8  1.7 ± 2.8   

LPP 88.4 ± 3.3 2.1 ± 2.6  82.8 ± 3.9 -5.5 ± 3.0  -3.4 ± 2.9   

 Bodily Pain       0.06 0.87 

HPP 68.7 ± 4.8 -1.1 ± 5.3  63.6 ± 4.4 -5.2 ± 4.9  -6.3 ± 3.3   

LPP 71.1 ± 5.0 2.3 ± 5.5  64.5 ± 4.6 -6.5 ± 5.2  -4.2 ± 3.4   

General Health  0.002   > 0.99  0.001 0.92 

HPP 70.3 ± 3.2 10.0 ± 3.5  68.2 ± 3.5 -2.1 ± 3.1  7.9 ± 3.3   

LPP 68.9 ± 3.3 8.3 ± 3.6  68.6 ± 3.6 -0.3 ± 3.3  8.0 ± 3.3   

Vitality   0.003   > 0.99  0.001 0.03 

HPP 68.6 ± 2.7 12.1 ± 2.8  63.4 ± 3.4 -5.2 ± 2.6  6.9 ± 2.6   

LPP 60.8 ± 2.8 2.1 ± 2.9  64.5 ± 3.6 3.6 ± 2.8  5.8 ± 2.7   

Social Functioning       0.34 0.76 

HPP 86.3 ± 4.7 -2.0 ± 4.5  84.5 ± 3.8 -1.7 ± 5.0  -3.7 ± 2.9   

LPP 81.7 ± 4.8 -4.5 ± 4.6  84.8 ± 4.0 3.1 ± 5.1  -1.4 ± 3.0   

Role Emotional       0.29 0.96 

HPP 89.1 ± 3.7 1.1 ± 3.2  85.7 ± 3.8 -3.4 ± 2.8  -2.3 ± 2.7   

LPP 86.2 ± 3.9 0.1 ± 3.3  83.9 ± 4.0 -2.3 ± 2.9  -2.2 ± 2.8   

Mental Health       0.41 0.68 

HPP 80.5 ± 2.9 3.6 ± 2.6  77.2 ± 2.9 -3.3 ± 2.7  0.2 ± 2.5   

LPP 76.2 ± 3.1 1.5 ± 2.7  76.3 ± 3.0 0.1 ± 2.8  1.5 ± 2.5   

Physical Component Summary      0.10 0.79 
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HPP 50.8 ± 1.3 1.6 ± 1.2  50.4 ± 1.3 -0.4 ± 1.2  1.3 ± 1.1   

LPP 51.8 ± 1.4 2.0 ± 1.2  50.3 ± 1.3 -1.5 ± 1.2  0.5 ± 1.1   

Mental Component Summary      0.84 0.28 

HPP 53.8 ± 1.5 1.8 ± 1.5  51.6 ± 1.5 -2.2 ± 1.4  -0.4 ± 1.2   

LPP 50.5 ± 1.6 -0.6 ± 1.6  51.6 ± 1.6 1.1 ± 1.5  0.5 ± 1.2   

 Leeds Sleep Evaluation Questionnaire – Typical Night’s Sleep 

Getting To Sleep      0.47 0.71 

HPP 21.4 ± 4.5 -2.1 ± 3.5  21.6 ± 4.9 0.3 ± 3.7  -1.8 ± 4.5   

LPP 24.3 ± 4.7 -3.5 ± 3.6  28.1 ± 5.1 3.8 ± 3.9  0.3 ± 4.7   

Quality Of Sleep 0.01   > 0.99  0.01 0.34 

HPP 31.8 ± 4.2 -12.3 ± 3.8  34.1 ± 3.5 2.3 ± 3.7  -10.0 ± 3.7   

LPP 37.4 ± 4.3 -5.0 ± 3.9  39.2 ± 3.7 1.8 ± 3.8  -3.1 ± 3.9   

Awakening From Sleep 0.19   0.01  0.01 0.86 

HPP 17.2 ± 2.9 -3.7 ± 2.9  23.0 ± 3.8 5.8 ± 2.3  2.1 ± 3.3   

LPP 20.4 ± 3.0 -4.7 ± 3.0  25.1 ± 3.9 4.6 ± 2.4  -0.1 ± 3.4   

Behaviour Following Wakefulness      0.06 0.53 

HPP 25.7 ± 3.5 -4.1 ± 3.1  30.1 ± 4.2 4.3 ± 3.0  0.2 ± 3.8   

LPP 24.5 ± 3.6 -5.5 ± 3.2  28.3 ± 4.4 3.8 ± 3.1  -1.7 ± 4.0   

Data shown as mean ± SEM.  #P Values for post-hoc tests are only given where a significant difference in time was seen.  * Change from baseline, 
^Change from phase 1. HPP, higher pork-protein diet (n=32); LPP, lower pork-protein diet (n=29).   There were no significant differences between diets (P 
> 0.05 for all variables).
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Cognitive performance 

Cognitive performance for both dietary groups was maintained during the weight loss and 
weight maintenance periods. There was no significant difference in baseline scores for 
cognitive tests between dietary groups.  
 

Spatial memory -Visual Verbal learning test (VSLT) 

Rate of Learning 
Volunteers successfully learned ‘Design and Position’ during the test across the first 3 trials 
(“rate” P<0.0001) with an increase in their score from trial 1, to trial 2, to trial 3 at each visit 
(Table 11). The rate of learning (design & position) significantly improved over the course of 
the intervention from baseline to the end of each dietary phase (“visit” P=0.010) but was not 
significantly different between groups. This improvement across each dietary phase may be a 
practice effect, as the change in score across each phase did not correlate with changes in 
body, weight, BMI or HbA1c across the same phases. When gender or ApoE4 status was 
added to the analysis as covariates, the significance across the visits was lost.  When 
assessing memory of Design alone (data not presented), rate of learning was significant (“rate” 
P<0.000) however there was no difference between groups or across the course of the 
intervention. When assessing spatial memory of Position alone (data not presented), the rate 
of learning significantly improved over the course of the intervention from baseline to the end 
of each dietary phase (“visit” P=0.010) but was not significantly different between groups.  
When ApoE4 status was added to the analysis as a covariate, significance was maintained 
(“visit” P=0.010, “rate” P<0.000, “visit*rate*ApoE4” P=0.041). 
 
Delayed spatial memory 
A significant effect of the intervention was seen (P=0.032) with an increase in the average 
score recorded (Table 11), however Post Hoc analysis indicated that a significant change from 
baseline was not obtained after 12weeks weight loss, only after the further 12weeks additional 
weight maintenance. When gender or ApoE4 were included in the analysis as covariates, all 
significant effects were lost.  No difference was observed between dietary groups (P=0.582).  
 

Spatial memory - Corsi Block Tapping test 

Four subjects were excluded from the analysis for the Corsi test, (HPP n=3, LPP n=1). All were 
statistical outliers of greater than 3 SD from the mean, additionally one had macular 
degeneration that prevented her from seeing the screen sufficiently to conduct the test, and 
one had never used a computer before which significantly affected her performance. 
Total score for correct answers did not significantly change across the course of the 
intervention not was there any difference between groups (Table 11). 
 
Reaction time (for correct sequences only) improved from baseline after the weight loss phase 
and was maintained after the weight maintenance phase (Table 11). This change in reaction 
time in the weight loss phase correlated to the change in body weight (P=0.012, r=0.389) as 
well as the change in BMI during the weight loss phase (P=0.009, r=0.400) which could indicate 
a genuine effect of weight loss and not a practice effect. However, when age was added to the 
analysis as a covariate the significant effect was lost.  As the complexity of the test varies with 
the number of blocks in each of the eight levels, data was assessed by level (data not 
presented). Total score for correct answers was significantly higher on the levels with less 
blocks (“level” P<0.000), but there was no difference across the intervention phases. The two 
dietary treatment groups displayed different patterns of scores by level (“level*diet” P=0.029) 
but there was no overall effect of diet across the intervention (“visit*level*diet” P=0.630). 
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Verbal memory -Visual Verbal learning test (VVLT) 

Immediate verbal memory 
Volunteers successfully learned words from the list across the first 3 trials (“rate” P<0.0001) 
with an increase in their score from trial 1, to trial 2, to trial 3 at each visit (Table 11). This rate 
of learning significantly improved over the course of the intervention from baseline to the end 
of each dietary phase (“visit” P=0.006) but was not significantly different between groups. 
Overall learning (sum of the 3 trials) significantly improved over the course of the intervention 
(P=0.006) but was not significantly different between dietary groups. The change in score 
during phase 1 correlated significantly with the change in body weight in phase 1 (P=0.039) 
which may suggest a genuine effect of weight loss rather than a practice effect. 
 
Interference of verbal memory 
Proactive and Retroactive interference were not significantly affected across the course of the 
intervention, nor were they significantly different between groups. 
 
Delayed verbal memory 
Delayed verbal memory was not significantly affected across the course of the intervention, 
nor was it significantly different between groups. 
 

Psychomotor skill - Pegboard and psychomotor tests 

Grooved Pegboard 
43 subjects successfully completed the pegboard test, whilst one was unable to complete the 
board in the allocated 5 minutes (due to impaired vision). 
The time taken to complete the grooved pegboard significantly decreased during the weight 
loss phase (P=0.005) and at the end of weight maintenance phase (P<0.0001) compared to 
baseline when assessing the dominant hand (Table 12). There was no significant difference 
between groups. The improvement in time taken to complete the test did not correlate with 
changes in weight loss or changes in glycemic control, which may indicate a practice effect 
only.  There was no significant improvement across time in the non-dominant hand, and no 
difference between groups. 
 
Psychomotor test 
Two subjects were excluded from the analysis for the psychomotor test, (HPP n=1, LPP n=1). 
Both were statistical outliers of greater than 3 SD from the mean, additionally one had macular 
degeneration that prevented her from seeing the screen sufficiently to conduct the test, and 
one had never used a computer before which significantly affected her performance. 
 
Psychomotor test assesses reaction time and accuracy reporting number of correct responses 
to a visual stimulus. Accuracy significantly decreased over the course of the intervention from 
baseline to the end of each dietary phase (P=0.001). As reaction time increased it may have 
been due to the focus on speed over accuracy at phase 1 and phase 2 visits. There was no 
difference between dietary groups. The change in score from baseline to end of weight loss 
phase does not correlate to the change in weight, BMI or HbA1c during the same phase. 
However the change in score from baseline, which decreased indicating poorer skill, to the end 
of intervention trial, does correlate to changes in weight (P=0.031, r=0.334) and BMI (P=0.029, 
r=0.337) during the weight loss phase.  Reaction time significantly improved during the weight 
loss phase (P=0.027), but was no longer significant when controlling for age. The change in 
reaction time during phase 1 correlated to the change in weight (P=0.021, r=0.350) and BMI 
(P=0.018, r=0.358) during the same phase. 
There was no change during phase 2, nor were there any difference between dietary groups.  
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Executive function - Tower of Hanoi 

Three subjects were excluded from the analysis for the Tower of Hanoi test, (HPP n=2, LPP 
n=1). All were statistical outliers of greater than 3 SD from the mean, additionally one had 
macular degeneration that prevented her from seeing the screen sufficiently to conduct the 
test, and one had never used a computer before which significantly affected her performance.  
The Tower of Hanoi assesses problem solving and planning ability. There was no difference 
over the course of the intervention (P=0.655) or between dietary groups (P=0.914) in the 
unadjusted model, however when age was controlled for, a significant increase in the number 
of errors was seen (P=0.022) over time although post hoc analysis did not show any significant 
differences between separate time points (table 13).  
 
Time taken to complete the test reduced significantly during phase 1 (P<0.0001) and was 
maintained during phase 2 (P<0.000 compared to baseline) however these changes did not 
correlate to change in weight or glycemic control, suggesting this was a practice effect. 
Furthermore, significance was lost when age was added to the analysis.  
 
As the complexity of the test varies with the number of steps in each of the five levels, data 
was assessed by level (data not presented). Number of Errors increased with the complexity 
of the level (“level” P<0.0001) and significantly less errors were seen after phase 1 (P=0.007) 
and after phase 2 (P=0.016 compared to BL) (“visit” P=0.002 and “visit*level” P=0.047) and 
there was no significant difference between diet groups. When age was added to the analysis 
as a covariate all significance was lost. The time taken to complete the test was significantly 
longer for the more complex levels (“level” P<0.0001) and subjects improved by reducing 
reaction time across each subsequent visit (“visit” P<0.0001). Both groups displayed different 
patterns of scores by level (“level*diet” P=0.047) but there was no overall effect of diet across 
the intervention (“visit*level*diet” P=0.568).  
 

 
 



  

 41 

Table 11. Cognitive performance memory scores (mean±SEM) for baseline, weight loss (week 12) and weight maintenance (week 24) 
phase for the both dietary groups.  
 

Test HPP LPP Model P value 

 
Baseline 

Weight 
Loss 

Weight 
Maintenance 

Baseline Weight Loss 
Weight 

Maintenance 
 

VSLT Rate of 
Learning. 
Design & Position  
(Increase in Score 
over 3 trials. Max per 
trial 7)  
 
 
 
 

T1: 
1.48±0.29 

T2: 
2.74±0.45 

T3: 
3.87±0.484 

T1: 
2.22±0.33 

T2: 
3.09±0.44 

T3: 
4.22±0.43 

T1: 
1.91±0.39 

T2: 
3.04±0.41 

T3: 
4.78±0.50 

T1: 
1.67±0.31 

T2: 
2.62±0.40 

T3: 
3.86±0.41 

T1: 
1.79±0.39 

T2: 
3.14±0.45 

T3: 
4.57±0.45 

T1: 
2.19±0.41 

T2: 
4.10±0.45 

T3: 
4.57±0.52 

1 visit:0.010 
visit*diet: 0.660 
rate:0.000 
rate*diet:0.612 
visit*rate:0.707 
visit*rate*diet: 
0.065 

2 visit:0.909 
visit*gender:0.4
61 
visit*diet: 0.663 
rate: 0.003 
rate*gender:0.6
62 
rate*diet:0.612 
visit*rate:0.860 
visit*rate*gende
r:0.707 
visit*rate*diet:0.
068 

3 visit:0.111 
visit*ApoE4: 
0.076 
visit*diet:0.643 
rate:0.000 
rate*ApoE4:0.2
02 
rate*diet:0.627 
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visit*rate*ApoE4
:0.067 
visit*rate*diet:0.
060 

VSLT Delayed 
Memory 
Design&Position 
(max 7)  

3.52±0.46 4.26±0.46 4.65±0.49 3.81±0.39 4.05±0.52 4.33±0.53 

1 
visit:0.032 
visit*diet:0.582 

2 

visit:0.567 
visit*gender:0.9
55 
visit*diet:0.590 

3 

visit:0.105 
visit*ApoE4:0.0
99 
visit*diet:0.548 

Corsi –Number 
Correct (max 176)    

105.8±4.7 111.6±4.4 111.0±4.5 113.9±3.9 114.9±3.9 110.6±5.1 

1 
visit:0.283 
visit*diet:0.166 

2 

visit:0.569 
visit*gender:0.7
50 
visit*diet:0.147 

Corsi –Reaction Time 
(milliseconds)    

1192±50 1098±40 1083±36 1149±56 1035±35 1037±39 

1 
visit:0.000 
visit*diet:0.774 

3 
visit:0.456 
visit*age:0.204 
visit*diet:0.752 

VVLT Rate of 
Learning. 
(Increase in Score 
over 3 trials. Max per 
test 16) 
 
 

T1: 
6.39±0.37 

T2: 
9.35±0.42 

T3: 
10.74±0.39 

T1: 
6.61±0.40 

T2: 
10.26±0.55 

T3: 
11.30±0.44 

T1: 
7.04±0.46 

T2: 
9.70±0.46 

T3: 
11.00±0.42 

T1: 
5.95±0.39 

T2: 
9.57±0.39 

T3: 
10.05±0.51 

T1: 
6.76±0.37 

T2: 
9.52±0.37 

T3: 
11.30±0.49 

T1: 
7.29±0.42 

T2: 
10.14±0.51 

T3: 
11.05±0.54 

1 

visit p=0.006 
visit* diet 
p=0.520 
rate p=0.000 
rate*diet 
p=0.973 
visit*rate 
p=0.083 
visit*rate*diet 
p=0.069 
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VVLT Overall Rate of 
Learning (Sum of 
Score over 3 trials. 
Max 48) 

26.48±1.01 28.17±1.19 27.74±1.15 25.57±1.07 27.95±1.04 28.48±1.28 1 
visit:0.006 
visit*diet:0.520 

VVLT Proactive 
Interference* 

1.17±0.50 1.39±0.52 0.57±0.55 1.23±0.62 0.90±0.56 1.71±0.40 1 
visit:0.990 
visit*diet:0.267 

VVLT Retroactive 
Interference** 

4.04±0.46 3.43±0.57 3.96±0.41 3.24±0.44 4.35±0.50 3.38±0.52 1 
visit:0.793 
visit*diet:0.108 

VVLT Delayed Recall 
(max 16) 

7.48±0.57 7.78±0.67 7.35±0.59 7.19±0.62 8.00±0.72 8.33±0.66 1 
visit:0.269 
visit*diet:0.273 

Data expressed as mean ± SEM. P-values obtained from Repeated Measures General Linear Model (Models with or without covariates as detailed below) 
VVLT (HPP n=23, LPP n=21) Model1; unadjusted. Statistical model: 3x3 repeated measures general linear model.  
Corsi (HPP n=21, LPP n=20 accuracy, HPP n=20, LPP n-20 reaction time) Model 1; unadjusted. Model 2; gender as covariate. Model 3; age as covariate. 
VSLT (HPP n=23, LPP n=21) Model 1; unadjusted. Model 2; gender as covariate. Model 3; ApoE4 as covariate. Statistical model: 3x3 repeated measures 
general linear model.  VSLT- data was not normally distributed and could not be logarithmically transformed.  
* Proactive interference units are defined as the correct number of words more in list A than list B (i.e. the difference) 
**Retroactive interference units are defined as the number of words lost after seeing the interference list. 
HPP, higher pork-protein; LPP, lower pork-protein; VSLT, Verbal Spatial Learning Test; Corsi, Corsi Block tapping test; VVLT, Visual Verbal Learning Test. 
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Table 12. Cognitive performance psychomotor scores (mean±SEM) for baseline, weight loss (week 12) and weight maintenance (week 24) phase 
for both dietary groups.  

 

Test HPP LPP Model P value 

 
Baseline 

Weight 
Loss 

Weight 
Maintenance 

Baseline 
Weight 
Loss 

Weight 
Maintenance 

 main effect 
of visit 

main effect 
of visit*age 

main effect 
of visit*diet 

Peg Board 
completion time –
Dominant Hand 
(seconds)** 

76.2±2.8 71.5±2.6 71.1±2.2 77.8±3.1 74.7±2.8 70.5±2.2 

1 <0.0001  0.261 

2 0.691 0.455 0.291 

Peg Board 
completion time –
Non-Dominant Hand 
(seconds)** 

78.5±2.9 77.4±3.6 77.0±3.3 79.3±3.0 77.4±2.9 76.5±2.9 

1 0.267  0.886 

2 0.440 0.499 0.874 

Psychomotor test 
accuracy (max 80) 

67.7±2.4 62.0±3.8 61.3± 3.3 65.3±2.2 61.8±2.9 62.0±3.2 1 0.001  0.538 

Psychomotor test 
reaction time 
(milliseconds)** 

1212±30 1163±32 1163±30 1172±41 1136±29 1121±30 
1 0.013  0.854 

2 0.229 0.116 0.859 

Data expressed as mean ± SEM. P-values obtained from Repeated Measures General Linear Model (Models with or without covariates as detailed below) 
** higher score indicates worse performance 
Peg Board (HPP n=22, LPP n=21) Model 1; unadjusted. Model 2; age as covariate      
Psychomotor (HPP n=22, LPP n=20) Model 1; unadjusted. Model 2; age as covariate 
HPP, higher pork-protein; LPP, lower pork-protein. 
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Table 13. Cognitive performance executive function scores (mean±SEM) for baseline, weight loss (week 12) and weight maintenance (week 24) 
phase for both dietary groups.  

 

Test HPP LPP Model P value 

 

Baseline 
Weight 
Loss 

Weight 
Maintenance 

Baseline 
Weight 
Loss 

Weight 
Maintenance 

  (main 
effect of 
visit) 

 (main 
effect of 
visit x 
age) 

 (main 
effect of 
visit x diet)  

TOH number of errors ** 
7.81±1.34 7.29±0.99 8.24±1.26 5.90±0.65 5.65±0.82 6.00±1.06 

1 0.655  0.914 

2 0.022 0.015 0.829 

TOH completion time 
(seconds) 

388± 29 297± 18 285± 19 335± 24 270± 15 264± 18 
1 0.000  0.446 

2 0.378 0.096 0.0381 
Data expressed as mean ± SEM. P-values obtained from Repeated Measures General Linear Model (Models with or without covariates as detailed below) 
** higher score indicates worse performance 
TOH (HPP n=21, LPP n=20) Model 1; unadjusted. Model 2; age as covariate 
HPP, higher pork-protein; LPP, lower pork-protein; TOH, Tower of Hanoi test. 
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Discussion  
The results of this study showed that energy-restricted diets with either a higher or lower pork 
protein content combined with regular moderate intensity exercise provided similar 
improvements in weight, glycemic control including reduction in use of antihyperglycaemic 
medication and cardiometabolic health outcomes including blood lipids, CRP, blood pressure 
in overweight / obese adults with T2DM.  Furthermore, weight loss and improvements in 
cardiometabolic health outcomes were maintained for further 12 weeks in the weight 
maintenance period. There were no changes in cognitive outcomes or perceived stress over 
the study as a result of the dietary intervention. However the PAID and perception of diabetes 
control improved, together with quality of sleep during the weight loss phase. These positive 
outcomes add to current literature that fresh lean Australian pork can be included as part of 
weight loss program to improve diabetes control and health outcomes in a population of 
overweight men and women with T2DM.  
 

Weight loss and body composition 

Both pork protein diets were equally effective in promoting weight loss, with no significant 
differences between the amounts of weight lost. Volunteers following the HPP and LPP diet 
lost on average approximately 8.2% and 7.5%, respectively, of total body weight of which 84% 
and 72%, respectively, of that weight lost was fat. Research shows that around 5-10% of 
weight loss is associated with a number of improvements in cardiometabolic health outcomes 
in T2DM including a significant reduction in mortality risk, risk of stroke, and diabetes related 
complications (57-59). Our data is in agreement with studies of similar diet and lifestyle design 
where between 9 - 13% of body weight was lost (14, 60).  A study by Wycherley and colleagues 
(14) in a group of men and women with T2DM showed a 9% and 13% reduction in body weight 
when following a high protein diet (43:33:22%en protein:carbohydrate:fat) or a high protein diet 
(where pork was the main meat protein source) with resistance training for 16 weeks, 
respectively. Similarly in this study fat free mass also decreased. In our study lean body mass 
decreased by 1.2 and 1.8kg in both groups, respectively, which highlights the need for a 
combination of weight bearing exercise together with aerobic exercise to preserve lean mass 
on a weight loss diet. Wycherley et al (14) highlighted that greater protein intakes may be 
required (>1.4g/kg/d) for lean mass preservation in weight loss whilst another study showed 
that a combination of aerobic exercise with resistance training in a weight loss setting with 
adults >65 years lost less lean mass than those undertaking weight loss without exercise (61). 
These are similar changes in weight loss as seen in studies where red meat has been used as 
the major meat protein source (7, 8, 62). However our change in weight loss was greater than 
the study by Larsen and colleagues (54) who compared a high protein (30% energy) with high 
carbohydrate (55% energy) 3 month energy restricted low fat diet and 9 months of weight 
stabilization on glycaemic control in T2DM. Both diets resulted in around 3% of weight loss (in 
a 30% energy restriction diet) with protein coming from a combination of lean meat, chicken 
and fish.   
 
Physical activity and fitness 
Both groups had similar improvements in fitness as evidenced from improved treadmill speed 
and compliance to the physical activity requirements. Whilst lifestyle changes, including weight 
loss and physical activity, are the cornerstones of treatment for T2DM, it is often difficult to 
separate out effects of weight loss (using energy-restriction) and the effects of exercise on 
cardiometabolic outcomes. In the present study, both groups lost approximately 8kg during the 
weight loss phase which tended to wash out any independent effect that exercise may have 
had on weight loss or other cardiometabolic health outcomes.   



  

 47 

Glycemic control 

Improvements in glycemic control were the primary outcome of the trial. We have shown that 
both the HPP and LPP diets resulted in substantial improvements in glycemic control: 
25%/30% reduction in FBGL, 37%/39% reduction in insulin and 1.5%/1.3% reduction in 
HbA1C, respectively, which is comparable to other studies with intervention diets of a similar 
macronutrient composition when exercise has been prescribed (14) and greater than similar 
studies without a specific exercise requirement (63).  A 12 month study in 115 obese T2DM 
comparing hypocaloric low carbohydrate (CHO) diet (14:28:58 %en CHO:protein:fat) with a 
high CHO diet (53:17:30) with aerobic and resistance exercise training showed a 1% reduction 
in HbA1c in both groups and a -0.7 and -1.5 mmol/L reduction in plasma glucose in the low 
CHO and high CHO group, respectively (60). Similarly, a study by Mayer et al. (64) compared 
a low-CHO with a low-fat diet+Orlistat (which inhibits digestion of dietary fat) dietary 
prescription for 48 weeks in 46 men and women with an average age of 56 years with T2DM, 
an HbA1c level of 7.6% (1.3SD) and BMI of 39.5kg/m2 (6.5SD). The authors showed a low-
CHO diet had a greater reduction in HbA1C than the low fat+Orlistat diet, despite similar 
reductions in BMI.  
 
Our data is in agreement with other published research and supports the recommendations 
that both diet and exercise should be the foundations of T2DM management of glycemic 
control.  A 1.4% reduction in HbA1C is likely to be of clinical significance as it has been shown 
that for each 1% decrease in HbA1c the risk of diabetes-related deaths decreases by 21% 
(61), but also risk of stroke is reduced by 12% and heart attack by 14%. This is important given 
the increased risk of chronic disease that individuals with T2DM are predisposed to.  Coupled 
with the improvement seen in both groups for HbA1c, a significant reduction in 
antihyperglycemic medication use (MES) over time was observed in both groups. This is in 
line with other studies of similar nature reporting reduced use of antihyperglycemic medications 
following higher protein weight loss diets with and without exercise. In the study by Mayer et 
al. as described above (64), the low carbohydrate diet resulted in a greater reduction in use of 
antihyperglycemic medications than the low fat+Orlistat diet (MES, -1.24 compared with -0.82). 
Similarly the lower CHO (higher protein) group in the study by Tay and colleagues (60) had a 
-0.5 reduction in MES compared with a -0.2 reduction in the higher CHO (lower protein group). 
Our study saw a greater change in MES however the magnitude of change may not have been 
as large due to the differences in macronutrient prescription, particularly dietary protein. 
Nevertheless, the changes seen in glycemic control and medication usage in our study are 
likely to be of clinical relevance as the magnitude of change we have demonstrated in HbA1c 
is also similar to the magnitude of reduction that is expected using oral antihyperglycemic 
medication as monotherapy (65).    
 

Blood pressure 

SBP and DBP both reduced following weight loss for both diets which is consistent with 
previous studies (14, 58, 66, 67), including those which used lean pork protein as part of the 
dietary intervention (Wycherley et al. 2010).  The overall 11mmHg reduction in SBP seen in 
our study is clinically important as a 10mmHg decrease in SBP is reported to be associated 
with a 12% reduction in risk for myocardial infarction and 17% reduction in risk for diabetes-
related deaths (59).  Blood pressure remained stable during weight maintenance.  We 
calculated the Framingham Risk Score (FRS) on our volunteers (a score based on data from 
the Framingham Heart Study to calculate an individual’s risk of developing CV disease in the 
next 10 years using age, sex, diagnoses of diabetes (non-changeable factors), cholesterol 
(total and HDL) and SBP).  The FRS indicated a reduced 10-year risk for CV disease, 
particularly in our male volunteers.  As our volunteers had minimal changes to lipid profiles, it 
is highly suggestive that the reduction in SBP seen following the intervention, independent of 
dietary group, may be the driving force for their risk reduction.   
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Plasma lipids, lipoproteins and C-reactive protein 

The population in this study had elevated levels of plasma TC, TAG and LDL-C according to 
target levels for high risk populations such as T2DM. Both dietary groups had a small but 
significant transient reduction in TC which re-bounded during weight maintenance. Similarly 
both groups experienced small significant reductions in LDL-C and TAG and an increase in 
HDL-C following weight loss. It has been reported in a meta-analysis that high protein diets 
tend to result in greater reductions in TAG levels, primarily due to the reduction in CHO (67), 
however this was not seen in this study, most likely due to the lower level of protein prescribed 
than reported in other studies (67) as well as the small differential in prescribed CHO intake 
between the HPP and LPP groups in the current study. Again, in contrast to other studies, both 
the HPP and LPP diets were no different in significantly reducing LDL cholesterol levels which 
is likely due to the similar amounts of types of unsaturated and saturated fat prescribed in both 
diets. Interestingly, the pattern of change we have observed is similar to that reported in the 
literature that shows lipids tend to decline with caloric restriction but then tend to rebound with 
weight stabilization and energy balance. HDL significantly increased by 0.1mmol/L from the 
weight loss to the weight maintenance period and from baseline to the end of the weight 
maintenance period (0.7mmol/L). Similarly Larsen et al. (54) showed no change in HDL during 
weight maintenance, but an increase of 0.08 mmol/L in both the high protein and high 
carbohydrate groups during 9 months of weight stabilization. These changes may be clinically 
significant as a 0.1mmol/L increase in HDL can reduce the risk for coronary artery disease by 
15% (60). The mechanism related to this pattern of change may be due to the effects of weight 
loss with a low fat diet and remodeling of LDL and HDL particles as a result of the impact of 
weight loss on the hepatic output and catabolism of very low density lipoprotein particles 
(VLDL) (68). Specifically, the reduction in dietary fat intake may reduce the chylomicron 
remnant size, reducing the size of the VLDL and subsequent LDL particle. Moreover the 
association between hepatic LDL receptors and insulin resistance may influence the 
availability of cholesterol leading to the catabolism of LDL. This area continues to be 
investigated.  
 
Similarly CRP significantly decreased during the weight loss phase with no difference between 
the HPP or LPP dietary groups which is also in agreement with other studies in T2DM and 
those that have used pork protein diets as part of energy restricted diets with exercise for 
T2DM (14, 60). CRP is an indicator of vascular inflammation and is recognized as a predictor 
of CV disease; a leading cause of T2DM related deaths (69-72). CRP is also reported to be 
associated with insulin resistance, hyperglycemia and T2DM as well as obesity (71-74). 
Therefore reducing body weight and improving glycemic control is likely to decrease CRP 
levels promoting a healthier cardiometabolic profile reducing the risk of CVD.   
 

Cognitive performance 

Age is the major risk factor for cognitive decline however poor cardiovascular health including 
insulin resistance and T2DM is also reported to contribute to cognitive dysfunction. Diabetes 
is associated with cognitive deficits including psychomotor efficiency, attention learning and 
memory and executive function, even when controlling for other cardiovascular risk factors 
(68), dementia and Alzheimer’s disease (75, 76). Diabetes related cognitive dysfunction has 
previously been thought to be due to atherosclerosis-related pathophysiology however more 
recently it may in fact be directly influenced by poor glycemic control (both hypo- and 
hyperglycemia) and effects on brain physiology or mediated through poor cardiovascular 
health and the presence of cardiovascular risk factors (68, 77).  It has been reported that 
individuals with T2DM are more likely to experience cognitive decline such as deficits in 
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executive function (memory) and poorer performance in psychomotor speed compared with 
their non-diabetic counterparts (76) (77).   
 
A systematic review by van den Berg et al. (78) showed diabetes and hypertension were 
associated with cognitive dysfunction. Moreover, longitudinal population studies show 
individuals with diabetes, hypertension, dyslipidemia and obesity are one and a half times more 
likely to suffer from dementia than those without the risk factors (79).  

 
Our study showed no change in cognitive function during the weight loss or weight 
maintenance phase with the exception of VVLT overall scores, Corsi reaction times (both 
measures of memory function), psychomotor test scores and the change in overall word recall 
performance was more apparent in LPP than HPP at the end of weight maintenance 
(particularly in relation to baseline performance). There was no difference between dietary 
groups in cognitive performance.  There was an overall effect of visit for the VVLT memory test 
which significantly correlated with weight loss in phase 1-weight loss period which was 
independent of dietary group. Similarly with the Corsi block tapping test, another measure of 
memory, the reaction time decreased (reaction times improved) over the duration of the trial 
which also significantly correlated with change in body weight and BMI, however lost 
significance when age was controlled for. While both of these findings were significantly 
correlated with weight loss, the clinical relevance of the small improvement seen in memory is 
most likely meaningless.  Changes observed in the psychomotor test correlated with changes 
in body weight and BMI but not improved glycemic control (i.e. HbA1c). Reduced psychomotor 
speed has been reported in T2DM (28, 78), relating to poor glycemic control however results 
from the present study did not show a relationship with improvement in HbA1c. Speed 
improved whilst accuracy decreased which may possibly suggest that the volunteers were 
more focused on speed at 3 and 6 month visits, despite receiving the same instructions from 
investigators. 

 
Interestingly our data appears to be in contrast to reported literature reporting T2DM is 
associated with poorer cognitive function than non-diabetics and dietary protein is correlated 
with memory (80). A cross sectional study of 2977 men and women aged 63 years, who had 
diabetes for a mean of 10±7 years with poor glycemic control (HbA1c 8.3%) from the 
ACCORD-MIND trial (75), showed a higher HbA1c level was associated with a poorer score 
on cognitive tests measuring a range of cognitive domains (attention, speed, learning, working 
and verbal memory, executive function and cognitive skill assessment).  In fact the authors 
presented a 1% increase in HbA1c was associated with a 1.75 point lower score on all four 
cognitive tests: digit symbol substitution test, RAVLT, Stroop and mini-mental state 
examination, MMSE).  

 
A prospective study following 1983 post-menopausal women with T2DM and with HbA1c 
values of >7.0% over 4 years, reported a 4-fold higher risk of developing mild cognitive 
impairment (81). Moreover, there was an inverse relationship with HbA1c and working 
memory, executive function, learning and psychomotor performance in this group with T2DM.  

 
Small changes seen in cognitive outcomes in our study (VVLT, Corsi, Psychomotor test) may 
not be clinically relevant however the relationship with cognitive dysfunction may in fact be 
mediated by other cardiovascular risk factors (78). Poorer cardiovascular health, such as the 
presence of a number of risk factors including obesity, hypertension, dyslipidemia that are 
commonly clustered with T2DM, may decrease cognitive performance later in life.  In fact 
chronic exposure of hyperglycemia as a result of poorly controlled T2DM may impact on the 
brain through increased metabolic oxidation products and poorer glucoregulation and reduced 
insulin action in the brain. The hippocampus is reported to be essential for recent memory 
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functions and reduced hippocampal volume in individuals with diabetes and also insulin 
resistance has been reported (68).  
 
Volunteers in our study had a range of cardiovascular risk factors including poorly controlled 
diabetes (HbA1c level of 8.1%), were obese, had dyslipidemia despite 57% being on statin 
medication and had blood pressure within the guidelines with 54% on anti-hypertensive 
medication. Reflecting on the literature, it was surprising not to see a degree of cognitive 
dysfunction or poorer scores of cognitive performance across the cognitive domains 
measured. This could perhaps be explained by 1) the relatively young age of our population; 
2) short duration of disease; and 3) the apparent age-appropriate cognition levels. Our 
population was relatively young i.e. middle aged (55 ± 8 years) and the mean duration of 
disease was 7 ± 5 years.  A study by Roy and colleagues (82) assessed the cognitive ability 
of 82 men and women aged ≤60 years with T2DM using the MMSE which assesses cognitive 
skills and correlated their performance with glycemic control (HbA1c). Although the MMSE has 
excellent specificity to cognitive skills it is also recognized for its lack of sensitivity suggesting 
that cognitive changes may remain undetected in a number of individuals (83), there was a 
weak negative relationship between HbA1c and cognitive function score (r= -0.292) and with 
the duration of T2DM and cognitive function score (r= -0.303).  Interestingly only 20% of the 
population studied had cognitive impairment with a mean age of 52 years, whilst the cognitively 
healthy group was aged 49 years. As the mean age of our population was 55 years, based on 
the findings of Roy et al. (82) it is not surprising that we observed no change in cognitive 
performance if the population was cognitively healthy. There have been very few randomized 
controlled trials similar to our study. Few studies have been conducted in middle aged 
individuals with T2DM; most studies have focused on an older population who had the disease 
for a longer period of time. Some studies have also studied cognitive function in T1DM which 
is generally diagnosed at a younger age and is likely to have greater fluctuations in glycemic 
control with hypo and hyperglycemia if the disease in not adequately controlled and 
subsequently impact cognition (77). Many studies have also been of cross-sectional or 
longitudinal of nature where associations with cognitive function and diabetes have been 
studied (24, 28).  
 
Changes in the central nervous system in diabetes has not been completely determined, but 
the clustering of other cardiovascular risk factors, diabetes related complications, age of onset 
of diabetes, duration of the disease, glycemic control and subsequent neurological changes 
may in fact contribute to cognitive dysfunction parallel to the ageing brain (28). Our population 
had other cardiovascular risk factors (including obesity, dyslipidemia but adequately controlled 
blood pressure) however over half used anti-hypertensive medication. It could be suggested 
that without diet and lifestyle intervention to reduce body weight, improve cardiovascular risk 
factors including glycemic control and preserve cognitive performance, this population may be 
at high risk of accelerated cognitive decline and dementia in older age (78) (77).  
 
Another limitation of the study may be the duration of the intervention was not long enough to 
detect changes in cognitive performance and the chosen battery of cognitive tests and 
sensitivity to dietary intervention. We did however see improvements in glycemic control and 
cardiovascular risk factors and the cognitive battery chosen focused on the cognitive domains 
that are reportedly affected by T2DM, so the lack of effect is more likely to be related to the 
cognitively healthy nature of the study volunteers.  
 

Food cravings 

Our study found significant reductions in cravings, primarily following weight loss, in both 
groups for all food types except carbohydrate foods.  This supports a previous study in obese 
adults reporting weight loss, rather than macronutrient composition, leads to a reduction in 
food cravings (84). Cravings for carbohydrate foods increases with hypoglycemia in type 1 
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diabetes (85) but our results did not change when hypoglycemic events (reported via daily 
blood glucose logs) were factored into the analysis.  Interestingly, food craving improvements 
remained unchanged, or with further small non-significant reductions, during weight 
maintenance when weight had stabilized. The change in the G-FCQ-T total score indicates our 
volunteers’ vulnerability to cravings improved considerably with the increased control from 
overeating having the greatest contribution to that score.  This is consistent with findings in an 
earlier weight loss intervention study (86).  Our study provides the additional evidence that 
when the weight lost is preserved; susceptibility to cravings did not rebound. Apart from the 
‘obsessive preoccupation with food’ subscale, our absence of significant improvements to the 
G-FCQ-S scores is inconsistent with other findings (86).  We did not measure hunger levels 
and as the G-FCQ-S measures the strength of cravings ‘right now’, we cannot determine 
whether this had an influence on our results.  However all G-FCQ-S scores were lower over 
the course of the study.  Positive correlations have been reported for food cravings with insulin 
resistance (87) and BMI (88) in non-diabetic cohorts and between carbohydrate cravings and 
HbA1c in T2DM (89).  We report medium to large positive partial correlations between BMI 
and subscales of the FCI and several G-FCQ-T subscales with reductions in BMI being 
associated with reductions in food cravings.  We did not find any associations between food 
cravings and insulin resistance or reductions in HbA1c.  
 

Sleep and wellbeing 

The health survey is a self-report survey designed to assess functional health and wellbeing 
by measuring different aspects of physical and mental health. Our study showed improvements 
in general health scores following weight loss independent of study group which was 
maintained in the weight maintenance period. Similarly the HPP showed greater vitality 
following weight loss which was sustained during maintenance than the LPP group. 
Improvements in health and wellbeing using the SF-36 have been reported in other studies of 
weight loss with a similar effect; however there appears to be a paucity of information on 
protein-based diets and assessing functional health and wellbeing.  
 
A study with overweight/obese postmenopausal women showed that a combination of diet and 
exercise combined for 12 months of weight loss improved 4 aspects of health-related quality 
of life as measured by the SF-36 questionnaire including physical functioning, role-physical, 
vitality and mental health and stress, compared with controls. Interestingly this study showed 
that weight loss predicted increased physical functioning, role-physical, vitality and mental 
health (90). In another study with overweight/obese postmenopausal women comparing 
modest weight loss with either an energy-restricted diet or increased physical activity, showed 
self-perceived health status was improved with both interventions (89) 
 
Previous studies have demonstrated associations between sleep deprivation and T2DM, 
obesity and CVD. Sleep plays a pivotal role in overall wellbeing; not enough sleep may lead to 
psychological disorders as well as the prevalence of risk factors for CVD including 
hypertension, dyslipidemia, obesity and T2DM (90).  Our study showed a transient 
improvement in quality of sleep in both groups during the weight loss phase; however the 
change rebounded during the weight maintenance phase. The change in quality of sleep was 
however positively correlated with change in BMI which is in agreement with previous studies 
which have also found weight loss is associated with better sleep quality (91). As this was a 
secondary outcome of the study and included for exploratory purposes, whether there is a true 
difference between dietary groups and impact on sleep quality, requires further investigation.  
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Application of Research  

Opportunities uncovered by the research 

This project is the first large scale randomized controlled trial to provide evidence that a HPP 
and LPP energy restricted diets can be incorporated into a weight loss program to improve 
glycemic control and cardiometabolic outcomes in overweight T2DM. These are extremely 
important findings for the Pork CRC as it will help strengthen the consumer perception of pork 
as a healthy meat choice and show that pork can be incorporated within healthy dietary 
patterns such as those required for the management of T2DM. Re-educating consumers as 
well as health care professional 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. 

 

Commercialization/Adoption Strategies 

Potential benefits to cost of production 

n/a to this project 

 

Ease of adoption by producers 

n/a to this project 

 

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, but in fact can be used as part of a weight loss program 
for a diet and lifestyle treatment for T2DM.   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 consumer. Given the current obesity epidemic and the 
number of individuals worldwide suffering from T2DM, this project has the potential to provide 
the Australian Pork industry with substantial new local and export marketing opportunities 
which will return financial benefit to producers, should there be adequate dissemination of the 
results.  
 
We have added to our team’s portfolio of pork industry funded research (12, 14, 61) by 
providing evidence that two weight loss diets with differing levels of pork protein can be part of 
a weight loss diet and lead to significant weight loss, improved glycemic control, improved 
blood pressure and other cardiometabolic outcomes including a reduction in use of 
antihyperglycaemic medication, when followed for 12 weeks and maintained for another 12 
weeks in a population with T2DM.   
 
This randomized controlled trial is considered level II evidence according to the NHMRC, 
evidence which is likely to be considered for dietary guideline revision and clinical practice. A 
study like this is of high relevance to the pork industry as not only is pork an important and 
nutrient dense protein source, there remains concerns about the metabolic impacts of higher 
meat diets in human health. The current outcomes have relevance to not only policy makers, 
regulatory bodies, the pork industry and consumers but to health care providers including 
medical practitioners, dietitians and diabetes educators who need to know that lean pork can 
be safely utilized as part of a weight loss program for T2DM resulting in improved glycemic 
control and cardiometabolic health.  
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Furthermore as the NHMRC is yet to adopt the use of high protein diets as a treatment strategy 
for T2DM, but with the generation of further high level evidence from randomized controlled 
trials supporting the safe and effective use of high protein low carbohydrate diets, the NHMRC 
is likely to adopt this dietary strategy. Moreover, Diabetes Australia may have interest in these 
research findings and contribute to the dissemination of this important work highlight how 
lifestyle change including weight loss can improve glycaemic control.  
 
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 throughout the world, Australia is experiencing an obesity epidemic 
that significantly increases the risk of T2DM and other CV risk factors.  This epidemic 
represents the greatest health crisis of our time. At the same time, this epidemic represents an 
enormous opportunity for producers, food manufacturers and distributors of products which 
can counter the adverse effects of obesity improve glycemic control and improve overall 
cardiometabolic health.   

 
Our research will continue to be promoted through conference presentations at national 
meetings and through peer reviewed scientific journals.  

 

3. Conclusion  

In summary, this study showed that both a higher pork-protein and lower pork-protein energy-
restricted diet achieves similar weight loss and reductions in cardiometabolic risk factors 
through improvements in glycemic control, body composition, blood pressure, insulin 
resistance and triglycerides.  Moreover, these improvements remain in energy-balance when 
the weight lost is sustained for at least 12-weeks.  Further studies are needed to determine the 
longer term effects of weight maintenance.  

 

4. Limitations/Risks 

n/a 
 

5. Strengths/Weaknesses 

This study has several strengths in comparison with other studies of similar design. These 
strengths are: 1) close professional support; 2) provision of pork cuts and other foods to aid 
dietary compliance; 3) close dietetic monitoring to achieve a high level of compliance to the 
diets; 4) implementation of a medical management plan to allow volunteers on insulin and 
sulphonylureas to be safely included; 5) the well managed prescribed energy level and dietary 
control provided by the dietitians and 6) the inclusion of ‘somewhat hard’ regular physical 
activity to meet Australian physical activity recommendations.    
 
However, the study also had a number of limitations, including a 30% withdrawal rate which is 
commonly seen in studies of this manner; however we over-recruited to plan for such a drop-
out rate. Larger participant numbers may have been needed to identify differences between 
groups, however these data show that a moderately high pork-protein level is sustainable in 
the short term. Furthermore, we excluded those with extremely high HbA1c (above 10.5%), 
which could potentially limit the generalisability of the findings to those diabetics with HbA1c 
above 10.5%.   
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6. Recommendations  

As a result of the outcomes in this study the following recommendations have been made: 

 
Continue building a portfolio of research outcomes to support the health benefits resulting from 
consumption of fresh lean Australian pork in target populations. 
For pork consumption to gain acceptance by consumers and health care providers, it is vital 
for the Pork CRC to continue to substantiate previous findings in the health and 
nutrition/dietetics area by building on current research.  Increasing the base of scientifically 
substantiated evidence will assist the Pork CRC in establishing a credible evidence base to 
support consumer communication which may lead to increased pork consumption.   
 
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 to consider when assessing whether 
to adopt the use of high protein diets as a treatment strategy for T2DM.  
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