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Abstract
Background: Given global epidemics of obesity and diabetes, it is clear that adherence
to current nutrition and activity guidelines is insufficient. Novel lifestyle interventions
such as high intensity interval training (HIIT), intermittent fasting and paleolithic (Paleo)
diets may provide alternative options and have proven beneficial for health in controlled
studies. However, outcomes from real-world implementation are uncertain. Although
HIIT is effective in laboratory settings to improve cardiorespiratory fitness, body
composition and measures of metabolic health, it is unknown whether overweight adults
will choose to perform HIIT, or can do so safely and effectively while unsupervised.
Similarly, although unconventional dietary approaches such as intermittent fasting and
Paleo diets produce weight loss and metabolic improvements in controlled trials, there is
minimal evidence of long-term efficacy under free-living conditions. The aim of this
study was to examine the real-world outcomes from these alternative exercise and dietary
approaches in overweight and obese participants after 12 months.

Methods: Within a weight loss intervention evaluating the effect of different support
strategies, 250 healthy adults who were overweight or obese chose to undertake
unsupervised exercise programmes of HIIT or 30 minutes/day of moderate intensity
exercise. Participants could also choose whether to follow intermittent fasting, modified
Paleo, or a Mediterranean diet. Eligible participants underwent medical screening to
identify health issues relevant to safety during vigorous exercise. HIIT participants
received a medical assessment to identify any undiagnosed cardiovascular disease.
Following a single supervised HIIT training session, they were advised to independently
undertake HIIT three times a week for 12 months. A range of HIIT protocols were
offered, with durations of intervals ranging from 30 seconds to 4 minutes, performed at
an intensity of 8-10 on a 10-point scale of Rating of Perceived Exertion (RPE), with all
HIIT protocols able to be completed within a 20-30 minute session. All participants also
received dietary recommendations at baseline during a single education session, which
included the exercise advice for those who chose daily moderate intensity exercise.
Intermittent fasting participants were instructed to reduce caloric consumption to 25% of
their recommended intake on two days each week, and Paleo participants were advised
to reduce consumption of any grain-based foods and vegetable oils, and to eat a diet of
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mainly plant and animal based whole-foods. Those participants opting for the
Mediterranean diet were encouraged to include wholegrains, fish, nuts and olive oil,
while reducing red meat, sugar and saturated fat. Weight, body composition, blood
pressure, aerobic fitness, physical activity, blood indices, dietary intake and
psychological outcomes were assessed at 0, 6 and 12 months. Adherence to HIIT was
assessed by heart rate monitoring of HIIT sessions over a one-week period every three
months.

Results: Up to 19% of HIIT participants had relevant medical issues that could increase
health risk during vigorous exercise that were not identified by screening questionnaires.
One hundred and four participants (42%) chose to try HIIT and these participants were
not leaner, fitter, or more active (all P>0.05) at baseline than those choosing moderate
intensity daily exercise (n=146).

Most HIIT participants (84.6%) could perform

adequately intense HIIT during the initial supervised training session, but adherence to
at least twice weekly unsupervised sessions decreased over time to only 19.6% by 12
months. There were no differences between exercise groups in weight (adjusted
difference; 95% CI: -0.44kg; -2.5, 1.6), visceral fat (-103cm3; -256, 49), or MVPA (1
minute; -6, 8) at 12 months. However, within the HIIT cohort, adherent participants
(23%) showed greater reductions in weight (-2.7kg; -5.2 -0.2) and visceral fat (-292cm3;
-483, -101) than non-adherent participants. Intermittent fasting was the most popular
dietary intervention (54%), but dietary choice did not result in differences in weight or
body composition at 12 months. However, those following intermittent fasting had
poorer glycaemic control and a worse lipid profile than those following the
Mediterranean diet at 12 months.

Conclusions: Although HIIT was initially a popular choice, adherence declined rapidly
over time, with less than one-quarter of participants undertaking regular unsupervised
HIIT at 12 months. However, those who did adhere to HIIT experienced greater weight
loss, visceral fat reduction and metabolic improvements than non-adherent participants,
demonstrating that HIIT can be a useful alternative for some overweight people.
Intermittent fasting was a popular diet choice, but when compared to a Mediterranean
diet resulted in slightly worse metabolic outcomes after 12 months. These findings
support current recommendations to consume diets rich in unprocessed whole-foods.
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Preface
The overall objective of this thesis was to determine the effectiveness of recommending
novel exercise and diet interventions in a real-world setting, with a particular focus on
examining the feasibility of high-intensity interval training (HIIT) as an alternative to
current exercise guidelines. This thesis presents three studies intended to evaluate the
feasibility and effectiveness of these diet and exercise interventions contained within the
Support strategies for Whole-food diets, Intermittent Fasting and Training (SWIFT)
study. SWIFT was a randomised controlled trial, designed primarily to evaluate the
impact of different support strategies on weight loss when participants self-selected their
diet and exercise programmes from a choice of appropriate options.1 The outcomes from
the support strategy intervention are not part of this project, but are published elsewhere.2
The aims of this thesis were to:
1) evaluate the uptake and performance of HIIT, and to ascertain whether preparticipation screening and medical assessment prior to vigorous exercise was of
benefit in this population.
2) assess the effect of the exercise options (high-intensity interval training or current
recommendations) on weight loss, body composition, blood pressure, blood
markers, physical activity, aerobic fitness, and behavioural and psychosocial
indices at 12 months.
3) assess the effect of the dietary options (intermittent fasting, a modified Paleo diet
or a Mediterranean diet) on weight loss, body composition, blood pressure, blood
markers, and behavioural and psychosocial indices at 12 months.

Outline of the Thesis
Chapter 1 contains an introduction outlining current approaches to the obesity epidemic
and a literature review of the evidence for the alternative approaches of HIIT, intermittent
fasting and whole-foods or ‘Paleo’ diets. The literature review incorporates research
published prior to 2015 (at which time the SWIFT trial commenced, as this literature
guided study questions and design), whereas all other chapters include literature
published up to January 2017. Chapters 3 to 5 present individual studies in paper format,
each containing a relevant introduction, methods, results and discussion.
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Chapter 2 describes in full the methods for the overall SWIFT study; the study methods
were also published as a protocol paper in BMC Public Health (included in appendices).

Chapter 3 presents an evaluation of the feasibility of HIIT as an alternative exercise
option. To do so, this study assessed whether HIIT would be chosen by overweight
adults, examined the value of pre-participation screening and medical assessment prior
to HIIT performance, and measured the ability of the participants to perform HIIT
effectively. This paper is currently under review by Int J Behav Nutr Phys Act as: Roy
M, Williams SM, Brown R, Meredith-Jones K, Osborne H, Jospe M & Taylor RW. Highintensity interval training in the real world: a safe and popular exercise option for
overweight adults?

Chapter 4 presents a description of how HIIT was performed while unsupervised, and
reports on long-term adherence and outcomes resulting from the initial HIIT intervention.
A secondary analysis shows the impact of HIIT adherence on outcomes. This paper is
currently under review by Int J Behav Nutr Phys Act as: Roy M, Williams SM, MeredithJones K, Brown R, Osborne H, Jospe M & Taylor RW. High-intensity interval training
in the real world: outcomes from a 12-month intervention in overweight adults.

Chapter 5 presents the results from the different dietary interventions, comparing 12month outcomes from intermittent fasting, Paleo diets or the Mediterranean diet. A
version of this chapter will be submitted for publication in early 2018.

Chapter 6 integrates and summarises the main findings from these studies, discussing
potential implications and future directions.

The research in this thesis was supervised by Professor Rachael Taylor, Department of
Medicine, Associate Professor Rachel Brown, Department of Human Nutrition, and Dr
Hamish Osborne, Department of Medicine, University of Otago. Expert statistical input
was provided by Associate Professor Sheila Williams, Department of Preventive and
Social Medicine, and Dr Kim Meredith Jones was responsible for undertaking the
analyses of body composition and accelerometry, as well as overseeing the fitness testing.
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Dr Michelle Jospe was responsible for the delivery of some of the dietary and support
strategy interventions.

Candidate contributions:
Trial design and primary interventions
•

Responsible for draft version of ethics application and assisted with grant
submissions

•

Involved in developing methods for the SWIFT study:
o Primarily responsible for planning medical evaluations, HIIT protocols,
fitness testing protocol
o Planned the interventions for intermittent fasting and Paleo diet
interventions
o Input into questionnaire development.

•

Helped develop resources for diet (Paleo/intermittent fasting) and exercise
interventions and daily weighing and brief support strategies

•

Responsible for medical review of online screening of all participants

•

Solely responsible for medical assessment and examination of all HIIT
participants (104 participants)

•

Solely undertook all supervised HIIT primary interventions (102 participants)

•

Delivered diet, exercise and support strategy interventions to 139 participants.

HIIT studies:
•

Solely responsible for coordinating and analysing all HIIT adherence measures
from 104 participants over a 19-month period

•

Arranged and analysed heart rate data at 0,3,6,9 and 12-month time-points (1488
heart rate recordings).

•

Managed any concerns or medical issues within the HIIT arm, including
arranging referrals, providing advice regarding acute medical events, unusual
recordings and injuries

Support Strategies
•

Partially responsible for ongoing interventions (brief support and daily weighing
groups) being continuously delivered over 19-month period to 100 participants.
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•

Solely responsible for 392 individual months of daily weight data assessment,
with individualised monthly emails sent to participants

•

Responsible for providing some of the brief support interventions

Analyses and publications
•

Cleaned and checked all HIIT data

•

Liaised with biostatistician for analyses from HIIT and diet cohorts
o Determined the a priori adherence measures for HIIT analysis

•

Prepared two HIIT manuscripts for publication

•

Contributed as author to four papers relating to other aspects of the SWIFT trial:
o Taylor RW, Roy M, Jospe MR, Osborne HR, Meredith-Jones KJ,
Williams SM, Brown RC. Determining how best to support overweight
adults to adhere to lifestyle change: protocol for the SWIFT study. BMC
Public Health. 2015;15:861. This was our protocol paper and is included
in the appendices.
o Jospe MR, Brown RC, Roy M, Taylor RW. Adherence to hunger training
using blood glucose monitoring: a feasibility study. Nutr Metab.
2015;12(1):22. This was a feasibility study in preparation for one of the
arms of the RCT.
o Jospe MR, Roy M, Brown RC, Williams SM, Osborne HR, Meredith‐
Jones KA, McArthur JR, Fleming EA, Taylor RW. The Effect of Different
Types of Monitoring Strategies on Weight Loss: A Randomized
Controlled Trial. Obesity. 2017;25(9):1490-8. This is the main outcomes
from the RCT and is included in the appendices.
o Jospe MR, Taylor RW, Athens J, Roy M, Brown RC. Adherence to
hunger training over 6 months and the effect on weight and eating
behaviour: Secondary analysis of a randomised controlled trial. Nutrients.
2017;9:1260. doi:10.3390/nu111260. This was a secondary analysis of
one of the arms from the RCT.
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1

Literature Review

1.1

Obesity: the public health issue of our time

Obesity and physical inactivity are major public health issues affecting New Zealand and
many parts of the world. Global obesity levels have doubled since 1980, with nearly 40%
of adults now overweight, and an additional 13% classified as obese.3 Obesity contributes
to many of the leading causes of death including ischaemic heart disease, cerebrovascular
disease and cancer,4 with healthcare expenditure associated with obesity-related disease
estimated to be over $147 billion in the USA alone.5 In New Zealand, 31% of adults are
now obese, with another 35% classified as overweight. Rates of obesity are far higher in
Maori adults (47%) and Pacific Island people (66%)6 and have remained unchanged over
the last decade.7
The reasons for the obesity epidemic are likely to be multifactorial. It is obvious that
modern civilisation has provided abundant calorific food sources for much of the
population. Physical activity levels have decreased for the majority of people,8 due to
transport, automation and centralised production of food, with many occupations no
longer requiring physical effort. In developed countries, the population now lives in what
has been described as an ‘obesogenic’ environment – that ‘promotes gaining weight and
one that is not conducive to weight loss’.9
Obesity leads to myriad health problems: type II diabetes, cardiovascular disease and
some cancers are now considered to be a consequence, at least in part, of excess
adiposity.10 Metabolic syndrome, a disorder that encompasses central obesity,
dysglycaemia, elevated blood lipids and hypertension has recently been shown to affect
over a third of the US population, with levels as high as 50% in women aged 60 years or
older.11 Given that metabolic syndrome is strongly linked to cardiovascular disease and
all-cause mortality, these figures are alarming, and require urgent action.
Lack of physical activity and low levels of cardiorespiratory fitness are at least as
important to health outcomes as obesity alone. Obesity and physical inactivity both
contribute to adverse health outcomes.10 While obesity is considered to drive the
epidemic of type II diabetes, physical inactivity is likely to be more critical to the
development of cardiovascular disease.8 Regardless of the ’fit versus fat’ debate that is
regularly aired in popular media, it is obvious that both are lifestyle issues that contribute
1

individually and synergistically to overall health, and it is indisputable that increasing
physical activity can be beneficial at any weight.12,13 In addition, it is well recognised
that physical activity aids in weight loss and prevention of weight regain.14,15 A
significant challenge for public health research is to identify effective strategies by which
to enable people to prevent and treat weight gain, and to increase physical activity levels.

1.2 Current nutrition guidelines for management of obesity in New
Zealand
Information on healthy eating for weight control available from the New Zealand
Ministry of Health16 advises the choice of foods that are ‘nutritious’ and ‘low in energy’,
with recommendations to reduce fat and sugar intake. At least five servings of fresh,
frozen or canned fruit and vegetables are advised each day, as well as up to six servings
of wholegrain breads, cereals, pasta and tubers. It is suggested that low-fat dairy and
some lean protein should be consumed. Specific mention is made of reducing alcohol,
sugary drinks, and salt, limiting red meat and removing fat from meat. Eating regularly
is recommended, and it is stated to ‘always have breakfast’. Food choices to reduce
saturated fat are clearly advised. General advice such as drinking water, and reducing
portions, and being more active are also included. Choosing unprocessed foods rather
than those that are heavily processed is also outlined.16
These guidelines were developed from a range of available evidence, including the
American17 and Australian18 dietary guidelines, the Nordic Nutrition Review,19 and a
series of systematic reviews from the US Department of Agriculture.20 However, it is
also now recognised that beneficial effects are apparent from a range of diets, almost all
of which emphasise unprocessed foods, high fruit and vegetable consumption, and a
reduction in sugar intake.21 The benefits associated with decreasing the intake of
saturated fat, salt and red meat are currently more contentious. For decades, saturated fat
was believed to be implicated in the development of cardiovascular disease, however this
has been recently challenged by a number of meta-analyses indicating that saturated fat
intake has no effect on cardiovascular disease or all-cause mortality.22,23 While reduction
in total dietary fat can lead to an overall decrease in energy consumption, long-term
superiority of low-fat diets has not been established,24,25 and total dietary fat content is
not consistently linked to adverse health outcomes.26
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Similarly, red meat consumption has been recently linked with cancer,27 although some
dispute this correlation. Large epidemiological studies show minimal or no effect from
unprocessed red meat, suggesting the carcinogenicity is more likely due to the inclusion
of processed meat or to types of cooking, such as charring or barbecuing. 28,29
Furthermore, large studies such as the EPIC-Oxford show no difference in all-cause
mortality between vegetarians and meat-eaters.30 The advice to consume dairy products
daily has also recently been questioned, with recent evidence suggesting no benefit for
bone health from dietary calcium.26 Regardless of the debate over some of these issues,
the New Zealand guidelines do promote a diet that is likely to improve health for many
people. The key issue relating to nutrition recommendations is that of the ability of people
to adhere to such a diet long-term.

1.3

Adherence to behaviour change

1.3.1

Current adherence to the New Zealand Nutrition and Physical Activity
Guidelines

With 35% of New Zealand adults overweight and another 30% obese, rates of adherence
to current nutrition guidelines are of interest. The most recent data from 2013/14 indicates
that the obesity rates have remained similar since 2011/12 data, although it is not yet
clear whether the rates have stabilised.7
Most recent estimates of adherence to dietary guidelines indicate that only 41% of adults
consume adequate amounts of fruit and vegetables, and while bread consumption is high,
only 10-14% choose heavy-grain bread types, with overall fibre intake lower than
recommended. A third of the population regularly consume sugary beverages.
Interestingly, the average proportion of fat intake for New Zealand people is 34%, which
sits within current guidelines although saturated fat is higher than recommendation (10%)
at 13% of total energy. Eighty percent of NZ adults consume alcohol in some way.
Generally, intake of adequate protein and most micronutrients is not an issue for the New
Zealand adult population, with iodine, selenium and calcium being possible exceptions.7
Overall, rates of obesity indicate that New Zealanders are still consuming more energy
than required, which appears to be mainly from sugar and processed foods. Increases in
consumption of fruit, vegetables and fibre would be desirable.
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In terms of adherence to physical activity guidelines, approximately half of the
population of New Zealand report not achieving 30 minutes of daily moderate intensity
activity as currently recommended.7
1.3.2 Factors that influence adherence
The majority of the population is familiar with the benefits of physical activity and
healthy eating, however what motivates individuals to choose their behaviours is more
difficult to define. Lifestyle choices are likely to be influenced by many factors, with
cultural and environmental elements likely to be paramount.
The traits of an individual person can obviously impact on their ability to sustain longterm behaviour change, as adherence is likely to be affected by factors such as
personality, self-efficacy and resilience. These individual qualities may lead to some
types of people being able to respond better to a particular intervention. Moreover, it is
feasible that some types of interventions are intrinsically easier in terms of adherence
than others. For example, some dietary patterns promote greater satiety, and some kinds
of exercise are associated with a positive effect on mood – but these effects may not be
universal across all people. Indeed, identifying the individual factors that promote
adherence may be key to providing effectively targeted lifestyle interventions. It is quite
feasible a single optimal exercise and diet programme does not exist, but that different
individuals will adhere selectively to varying interventions. Furthermore, it seems
intuitive that offering an individual a range of choices of exercise and diet options should
improve adherence, although the evidence for this is conflicting.31,32
1.3.2.1 Resilience
It has become evident that some people appear ‘resilient’ to obesity, possessing
protective factors than enable them to maintain a healthy weight in an environment that
adversely affects others. As an example, it is well recognised that socioeconomic
deprivation increases the risk of obesity, especially in women.33 The Resilience for
Eating and Activity Despite Inequality (READI) study in Victoria, Australia, identified
several of these characteristics of ‘obesity resilience’; these include being younger, more
highly educated, unmarried, with higher income, and undertaking more leisure-time
physical activity.33 Resilience, when defined in a broader sense as the ability to adapt to
adversity, has also been linked with lower levels of obesity.34
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1.3.2.2 Personality
Personality has been defined as the ‘unique constellation of behavioural traits in every
individual’.35 Personality is thought to be largely due to genetics, and is consistent over
time. A widely accepted measure of personality is that of the five-factor model, which
assesses the dimensions of extraversion (e.g. talkative, assertive), openness (e.g.
imaginative, artistic), neuroticism (e.g. highly strung, anxious), agreeableness (e.g. kind,
co-operative) and conscientiousness (e.g. practical, efficient).35,36
It seems intuitive that personality may influence the development of obesity, and this is
supported by a meta-analysis of nearly 79,000 adults, which has indicated that the
personality trait of conscientiousness is associated with a lower risk of developing
obesity. A high level of conscientiousness (one standard deviation above the mean) was
associated with 40% lower odds of being obese compared with those with low levels (one
standard deviation below the mean). In obese subjects, conscientiousness was associated
with a increased likelihood of becoming non-obese over time.37 Personality also
influences dietary intake, with conscientiousness again positively influencing the
likelihood of healthy eating. A greater level of openness is associated with a higher intake
of fruit and vegetables.35
Personality is also recognised as an important factor affecting physical activity levels.
Again, higher extraversion and conscientiousness levels are associated with more
physical activity, and low levels relate to more sedentary leisure behaviour, with
increased neuroticism scores having the opposite effect.38 While these relationships seem
to hold true across different genders, age, cultures and types of activity, there is emerging
evidence that physical activity may actually influence personality over time. It seems that
more active adults remain more conscientious, open, extraverted and agreeable which are
traits associated with positive health outcomes.38 How personality relates to the ability to
adhere to lifestyle changes is less clear. A meta-analysis which examined the relationship
between personality and performance motivation (encompassing goal setting and selfefficacy) found a consistent positive correlation with conscientiousness, and a negative
correlation for neuroticism.39 However, personality traits have not been consistently
shown to impact on adherence to diet recommendations.35
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1.3.2.3 Self-Efficacy
Perceived self-efficacy refers to a measure of a person’s motivation and their perception
of their ability to achieve, defined as ‘an optimistic sense of personal competence’.40
Higher levels of perceived self-efficacy are associated with an increased likelihood of
greater weight loss.41 There is also a reciprocal relationship between self-efficacy and
physical activity,42 and it has been demonstrated that higher levels of self-efficacy appear
to be necessary to maintain vigorous activity compared with less intense forms of
exercise. Interestingly, measures of self-efficacy have been reported to be enhanced by
‘socially supportive group exercise environments’, which has implications for long-term
adherence.42

1.4

Assessing the health impacts of obesity

1.4.1 Biomarkers of Obesity-driven Disease
To assess the efficacy of a dietary or physical activity intervention, it is important to not
only measure the impact on weight and body fat, but also to utilize measures that can
provide information about underlying disease processes or predict long-term health
outcomes. Obesity drives the development of type II diabetes, atherosclerosis leading to
cardiovascular disease, and systemic inflammation. The distribution of body fat is known
to be relevant to health outcomes; excess visceral adipose tissue is associated with more
risk, and this may be reduced to a greater extent by exercise than by diet alone.43 Excess
adiposity leads to measurable changes in many biomarkers and alters adipokine
production. To gain a measure of the disease impact of obesity, assessment of compounds
such as glycated haemoglobin, blood lipids, C-reactive protein and individual adipokines
can be useful to evaluate the impact of an intervention on overall health.
1.4.1.1 Glycated haemoglobin
Diabetes mellitus has reached epidemic proportions in many parts of the world, with a
projected 552 million people likely to be diagnosed by 2030.44 Glycated haemoglobin
provides a measure of glucose levels in the blood and is now utilised for both the
diagnosis and management of diabetes. The haemoglobin chains within the red blood
cells become glycated in the presence of glucose, so the measure of HbA1c represents
the proportion of glycated haemoglobin A. HbA1c in a non-diabetic healthy individual
is usually around 6%.44 The levels of HbA1c are influenced by the concentrations of
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blood sugar over the preceding three months, but more predominantly by levels within
the most recent month.45
1.4.1.2 Blood lipids
Blood lipids have been used as a marker of cardiovascular disease since the development
of the lipid hypothesis over a century ago. The theory underlying the pathogenesis of
atherosclerosis has changed considerably over the years, however the measurement of
blood lipids still provides useful information on the status of the vascular system. While
atherosclerosis was previously believed to be mainly a disorder of lipid accumulation, it
now seems more probable that it occurs as a result of inflammation,46,47 and endothelial
and clotting dysfunction.47,48 It is now known that continuous progression of
atherosclerosis is not inevitable, and plaques have been shown to regress.49
Which lipoprotein measurements are best used to predict cardiovascular risk has also
been debated. However, it is well-recognised that triglycerides are a clinically significant
biomarker,50 and in particular, the triglyceride to HDL ratio represents insulin resistance
and can provide an accurate prediction of cardiovascular risk.51 This ratio has been
postulated as predicting the presence of the harmful small dense LDL particles, and may
be potentially more useful than the usual measures of non-HDL cholesterol, waist-hip
ratio or measures of metabolic syndrome.51 In addition, it is now thought that HDL may
promote a direct cardiovascular benefit by exerting various anti-thrombotic effects,
including prevention of platelets from becoming activated and forming a clot.52
1.4.1.3 High-sensitivity C-reactive protein (hsCRP)
The primary risk associated with obesity is the development of cardiovascular disease.
The undeniable link between adiposity and worsening cardiovascular outcomes was first
noted by Hippocrates in 400BC, and has since been supported by an abundance of
research. Considerable work has been undertaken elucidating the underlying mechanisms
responsible, and while these are most likely multifactorial, it has become apparent that
systemic inflammation is implicated in the process of both atherosclerosis and vascular
dysfunction. Obesity, and especially central obesity leads to higher levels of
inflammatory mediators such as CRP. The production of CRP from the liver can be
driven by factors produced by adipose tissue. CRP levels are predictive of increased
cardiovascular risk, and are thought to be directly involved in the pathogenesis of the
endothelial dysfunction.53
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Metabolic syndrome is a constellation of central obesity, hypertension, dyslipidemia and
insulin resistance - in combination these factors synergistically magnify cardiovascular
risk. Visceral obesity, the hallmark of metabolic syndrome, appears to be strongly related
to systemic inflammation. It has been demonstrated that visceral fat produces more of
these inflammatory mediators, which via the portal system, directly influence the liver,
possibly affecting synthesis of further factors involved in thrombosis and dsylipidemia.53
Indications are that CRP may be modified by diet alone - analysis of 1922 women in the
Nurses Health Study showed that better adherence to a ‘healthy dietary pattern’
(evaluated by the Alternative Healthy Eating Index) was associated with lower CRP
levels, even following adjustment for confounding factors including body mass index
(BMI), physical activity, smoking, energy intake and age.54 Dietary patterns based
around fruit and vegetable consumption are associated with lower levels of inflammatory
markers.55 In addition, it has long been recognized that sustained physical activity
reduces systemic inflammation,56 although the relative contributions of physical activity
and reduction in adiposity have not been fully elucidated.57 Regardless, levels of hsCRP
can provide a useful measure of the systemic effects of diet and exercise programmes.
As CRP is a non-specific marker of inflammation which increases in the presence of
infection or trauma, it is also essential to collect relevant health information in order to
interpret any changes as being a consequence of an intervention.
1.4.1.4 Ghrelin
Central to obesity management is the control of appetite and feeding behaviours. One
biological measure of this is ghrelin, commonly thought of as the ‘hunger hormone’.58
Ghrelin is a peptide hormone that is produced in the stomach, and is known to have an
appetite stimulating (orexigenic) action. While it is also now known to have diverse roles,
ghrelin levels are primarily elevated in association with subjective hunger sensations, and
are involved in complex controls over appetite, hunger and food intake. Ghrelin action
has been implicated in reward-seeking behaviour, taste, glucose metabolism, sleep/wake
cycles, gut motility and learning and memory.59 Physiologically, ghrelin is a primarily a
growth hormone secretagogue, stimulating the release of growth hormone from the
anterior pituitary.60 However ghrelin receptors are also found in other parts of the brain,
as well as peripherally in the pancreatic islets, adrenal and thyroid gland and the
myocardium, representing its diffuse actions.59 Only 10-20% of ghrelin exists in the
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active form (acylated ghrelin), which is formed by acetylation by the enzyme GOAT
(ghrelin O-acyl-transferase).60,61 Measurement of acylated ghrelin is considered to be
more physiologically meaningful in terms of effect on appetite than total levels.61
As well as relating to food intake, ghrelin levels can also be influenced by exercise, with
the most consistent effects produced by high intensity exercise. Compared to resting,
high intensity exercise leads to a reduction in acylated ghrelin levels by 20-66%, with an
associated decrease in appetite and energy intake. This may be due to changes in blood
flow during exercise, with splanchnic circulation being diverted to the exercising skeletal
muscles. It has been hypothesised that this ‘exercise-induced anorexia’ may be partly
responsible for the fat loss that can occur with high intensity exercise, even though it is
relatively short in duration.61 When evaluating the impact of diet or exercise changes on
eating behavior, ghrelin levels may provide valuable evidence of biological changes, and
provide some understanding of the possible underlying physiological mechanisms.

1.5

Exercise recommendations for health and weight loss

1.5.1

Physical activity guidelines for public health

With the leading causes of death in the New Zealand population now the ‘diseases of
civilisation’ - cardiovascular disease, cancer and cerebrovascular disease57 public health
guidelines around physical activity are of great importance. It has long been known that
regular exercise has abundant health benefits. In particular, there is overwhelming
evidence that physical activity is effective in both the prevention and management of
cardiovascular disease. Compared with inactivity, regular physical exercise is associated
with a reduction in risk of cardiovascular disease of more than 50%.62 Public health
strategies to date have often focussed on the obesity epidemic as a driving factor for
lifestyle-related diseases. However, there is good evidence that improvement in physical
activity levels would result in greater health benefits than those produced by weight loss
alone. A recent large cohort analysis of over 300,000 Europeans from the EPIC cohort
(the European Prospective Investigation into Cancer and Nutrition study) has shown that
physical inactivity is likely to be responsible for twice as many deaths as obesity alone.12
In addition, physical activity is protective against risk, even in an obese population,
although it should be noted that the proportion of obese people who maintain sufficient
physical activity is remarkably small. In the EPIC cohort, the active obese (BMI of 30
kg/m2 or greater) participants accounted for only 15 % of the male and 10% of the female
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subjects.12 Exercise clearly does not negate all of the adverse outcomes associated with
obesity, and lifestyle changes to diet and activity levels are evidently challenging for
many people. While New Zealand physical activity guidelines recommend up to 5 hours
of moderate exercise per week,16 the largest reduction in mortality risk is evident when
those who are inactive make small increases in activity; in real terms this equates to
approximately 20 minutes of brisk walking on a daily basis, or possibly even lower
amounts of more vigorous exercise. The exercise-related improvement in risk is observed
at all levels of BMI.12
As well as direct cardiovascular benefits, exercise has been irrefutably shown to limit the
development and progression of type II diabetes, which is a major risk factor for
cardiovascular events. Type II diabetes is a leading preventable cause of morbidity and
mortality, and it has been shown that counselling to improve lifestyle choices, including
both diet and exercise, can decrease the incidence of diabetes by 50%.63 Related health
benefits of regular physical activity also include an associated reduction in rates of
hypertension, cancer and depression.62 In the face of an obesity epidemic, it should also
be noted that the addition of exercise to dietary change produces more successful weight
loss,64 and produces improvements in markers of health status independently of the effect
on adiposity. Even in those with established metabolic syndrome, physical activity has
been shown to decrease insulin resistance, and improve inflammatory biomarkers
associated with chronic disease, an effect which seems to be a consequence of exercise
intensity rather than any associated weight loss.65
1.5.2 Issues with current physical activity recommendations
With approximately half of New Zealand’s population not achieving the recommended
30 minutes of moderate intensity exercise each day,7 the primary issue with the current
guidelines is that of inadequate long-term adherence. Why adherence to exercise
guidelines is so poor is unknown but lack of time and a need for continuing structured
support have long been cited as key difficulties.66,67
Over two thirds of New Zealand’s population are now overweight, and compared to the
population at large, by all measures, obese people exercise less.68-71 The relationship
between exercise and obesity is most likely not uni-directional; while lack of physical
activity is obviously associated with weight gain, it seems that obesity itself contributes
to a reduction in exercise behaviours. A number of studies have demonstrated that
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measures of obesity are predictive of worse adherence to exercise prescription. An
American Diabetes prevention program with 1079 participants conducted over 3 years
demonstrated that a lower BMI was significantly correlated with successfully achieving
activity goals, although overall, achievement of activity goals by the end of the study was
67%.69 Studies examining adherence of obese women to exercise prescription have
indicated much lower rates, with one study reporting only 14% of participants meeting
the target of 1500 kcal/week after 16 weeks,70 and another showing 58% attrition after
72 weeks.68 These may still be an overestimation of actual real-world rates, as the nature
of study designs tends to improve adherence due to factors such as extra support and
follow-up not usually available outside of the research setting. It is likely that sampling
bias influences these data also; individuals who participate in clinical trials may well
possess more motivation to exercise than those in the population at large.71
It would certainly appear that the current recommendations in New Zealand and overseas
are not achieving the intended public health outcomes, when it appears that many of the
intended participants are failing to achieve sufficient physical activity. However, experts
in the field are currently divided on the underlying reasons for this, and how to proceed
with optimal guidelines.71 Some advocate large amounts of low intensity exercise such
as walking, contending adherence would improve due to its more tolerable nature.72,73
Other schools of thought have proposed a drastic reduction in recommended exercise
time commitment is what is required.74
Since ‘lack of time’ is considered one of the key barriers preventing individuals from
adhering to the current guidelines, determining the minimum amount and intensity of
exercise that will produce effective health benefits is important. Shorter bouts of more
intense exercise may offer a viable alternative for a time-poor population. A correlation
has been shown between a single weekly session of high intensity activity (defined as at
least 30 minutes of exercise intense enough to produce sweating or feelings of
exhaustion) and a decrease in the risk of cardiovascular death by as much as 39% in men
and 51% in women.75 Interestingly, further work suggests that the duration of intense
exercise could be even shorter; daily running lasting only 5-10 minutes was associated
with a significant decrease in cardiovascular mortality (hazard ratio of 0.42) and all cause
mortality (HR of 0.72).76
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This has led to considerable attention worldwide regarding low volume but vigorous
exercise, in particular the use of high intensity interval training (HIIT) as a possible
alternative or addition to current exercise recommendations.

1.6

High-Intensity Interval Training (HIIT)

1.6.1 Definitions of HIIT
HIIT is defined as “physical exercise that is characterized by brief, intermittent bursts of
vigorous activity, interspersed by periods of rest or low-intensity exercise.“77 HIIT is
thought to result in rapid physiological changes by provoking a level of cellular stress
that produces superior adaptations not usually attained by unfit subjects using other
modalities of exercise.
Many different ways of performing HIIT have been described. The most well-known and
tested protocol was based on the Wingate Anaerobic Test, which consisted of four to six
30-second bouts of ‘all-out’ cycling, usually allowing up to 4 minutes recovery between
sprints.78 Sprint Interval Training (SIT) is a type of HIIT that evolved from the Wingate
protocol, consisting of repeated 30-second bouts of maximal exercise, which was utilised
as an effective training strategy for athletes to improve performance,79 and was also found
to improve cardiorespiratory fitness in sedentary healthy participants.80,81
These types of HIIT, originally intended for healthy and athletic populations, are
extremely gruelling, with potential for safety issues in some groups. However, it seemed
likely that the benefits of this type of training could still be utilised with adapted
protocols, with the overall physiological effect likely to be due to a combination of the
attained intensity, number and duration of intervals, and the recovery phase.77
For this reason, many alternative ‘low-volume’ protocols have now been proposed and
trialled. In general, most low-volume HIIT has been typically performed at an intensity
of 85-95% of maximum heart rate (HRmax), with intervals varying in duration from 8
seconds up to 4 minutes. Low-volume HIIT is intended to be short in duration, with entire
workouts typically taking no long than 20-25 minutes, (including warm up and cooldown phases).82 These adapted protocols seem to be better tolerated. One common
protocol, consisting of ten bouts of 60-second intervals, results in average ratings of
perceived exertion of 4-8/10, which seems more sustainable for most people.82,83
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Numerous meta-analyses and reviews now support the efficacy of a range of HIIT
protocols in the laboratory setting,84-87 however it is hotly debated whether HIIT is
suitable as a public health recommendation.88 The main area of uncertainty is whether
HIIT is an effective intervention for the general population who generally exercise in
unsupervised settings. It is argued that because vigorous and demanding HIIT is
’psychologically aversive’,88 uptake and adherence to HIIT would be poor, making it
unsuitable as a general mode of exercise to offer to the public. Many critics have also
raised concerns regarding the safety of HIIT for members of the public both with respect
to injuries and cardiovascular events.80,87 Advocates of HIIT however disagree that it is
unpleasant or dangerous, and indeed suggest that since current public health policy is
clearly not working with respect to exercise outcomes, that HIIT may be an option for
the inactive to improve their health outcomes.89
1.6.2

Efficacy of HIIT: the evidence

1.6.2.1 The effect of HIIT on cardiorespiratory fitness
The majority of published studies show that HIIT leads to improved cardiorespiratory
fitness, compared to non-exercising controls, and multiple meta-analyses have shown
HIIT to be at least as effective as standard continuous moderate intensity exercise in
improving VO2max or similar measure of cardiorespiratory fitness (CRF).80,81,84-86
Initial research was conducted almost exclusively in healthy adults, and focused on Sprint
Interval Training (SIT), which by definition was limited to ‘all-out’ intervals of up to 30
seconds duration, with the majority conducted in the laboratory setting (Table 1.1). A
2013 review of 19 of these studies showed that the overall effect of SIT was to improve
VO2max by 4-13%.81 These increases seemed to be mainly due to peripheral adaptations,
such as changes to mitochondrial enzymes, rather than central adaptations - changes to
cardiac structure and function. Five studies showed increased content or activity of
mitochondrial enzymes, indicating better muscle oxidation potential. However,
interventions included in this review were all short term, mainly lasting only 2-8 weeks,
and generally contained a lower proportion of female participants; 69/190 subjects were
women in the combined HIIT group.81 The short duration of these studies may account
for the primarily peripheral changes observed, as central changes are likely to require a
more sustained stimulus. A similar meta-analysis also concluded that SIT improves
aerobic capacity in a healthy young population, demonstrating it to be at least as effective
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as continuous endurance training.80 Again, most studies were conducted for less than 6
weeks, so it is unknown whether this training is sustainable, what physiological
adaptations occur after this period, or if there is an increasing incidence of injury.
As HIIT protocols have diversified, further reviews and meta-analyses have emerged to
support the efficacy of this type of training.84-87 HIIT training appears to be effective
when performed in a variety of ways; although all HIIT protocols usually require
attaining an intensity of 75% VO2max or greater, with training sessions performed 3-5
times per week. A large meta-analysis of 723 participants concluded that a range of HIIT
types were more effective at improving cardiorespiratory fitness than standard endurance
training in healthy adults of up to 45 years of age.85
There is a large amount of published research in this field, with the majority of the
existing evidence indicating that if required intensity is attained, most HIIT protocols
seem to result in similar physiological adaptations as SIT in healthy individuals.77
The effect of HIIT on cardiorespiratory fitness in patients with cardiometabolic diseases
such as metabolic syndrome and type II diabetes is even more marked, with a recent
meta-analysis concluding that improvement in cardiorespiratory fitness resulting from
HIIT is approximately twice that achieved by moderate intensity exercise.90 A large
volume of research now also supports the efficacy of HIIT in improving the fitness of
stable patients with cardiometabolic disease.
1.6.2.2 Optimal HIIT protocol for improving cardiorespiratory fitness
While SIT has been the most extensively tested, it would appear that the efficacy of HIIT
persists across a wide range of protocols, encompassing differing degrees of high
intensity, duration, modality of exercise, and recovery periods. Even extremely short
duration HIIT interventions have been shown to be effective; with sessions lasting only
a few minutes a few times a week still producing favourable changes in fitness, blood
pressure and insulin sensitivity.89,91-93 Intervals tested have been as short as 8 seconds,
repeated up to 60 times, or as long as 4 minutes, with only 1-4 repetitions. The briefest
protocol shown to produce improvements involved only 2 repetitions of 20 second ‘allout’ intervals performed 3 times weekly.91 Similarly, a single 4-minute interval
performed at 90% of HRmax has demonstrated efficacy when performed thrice weekly.94
Not all HIIT protocols required maximal or ‘all-out’ effort. Types of HIIT utilizing
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reduced intensity intervals (e.g 75-90% VO2max) usually required longer or more
frequent intervals, presumably to elicit a similar stimulus, but could generally still be
completed within a 20 minute training session. A common version of reduced intensity
HIIT was 10 repetitions of 60-second intervals, performed at an intensity of ~90% of
MHR, which was still shown to result in improvements in oxidative capacity.83,95,96
Recovery between intervals again differed immensely between protocols, but was always
performed at low intensity or at complete rest. Most protocols using maximal intervals
allowed virtually full recovery between intervals, with low work:rest ratios of between
0.1-0.3; less intense HIIT protocols more often had shorter recovery phases, with 1:1
ratios being common.
It has been noted that HIIT seems to produce physiological changes very rapidly improvements in cardiorespiratory fitness have been shown in as little as a fortnight,97
although this is likely to be dependent on the protocol used and the baseline fitness of
subjects. Lower volume HIIT has been shown to produce VO2peak changes comparable
to standard endurance training in as little as 6 weeks; although this occurred following
maximal Wingate type intervals.98
In summary, there is clear consensus in the literature that many types of HIIT result in
significant increases in cardiorespiratory fitness, when performed in a supervised setting,
as long as an adequate intensity is achieved. However, despite the extensive research,
there is no real consensus on an optimal protocol for improving cardiorespiratory fitness.
1.6.2.3 Effect of HIIT on vascular function
The condition of the blood vessels is a critical component of cardiovascular disease, with
vascular dysfunction a known precondition for cardiac and cerebrovascular disease. A
2015 meta-analysis comparing HIIT with continuous moderate intensity training
concluded that HIIT was likely to result in more favourable vascular outcomes, showing
greater increases in flow mediated dilation (an indirect measure of vascular function; the
ability of the vessel to respond to increased blood flow).99 Interestingly, it has been
suggested that maintaining high intensity in a continuous manner may not produce this
benefit, so that the intermittent nature of interval training rather than the intensity may
be mechanistically important for enhancing vascular function. The majority of HIIT
protocols included in this review were those utilising longer intervals of 1-4 minutes in
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duration, so it is difficult to draw conclusions at this stage about the impact of shorter
intervals on vascular health.99
Low volume HIIT has also been reported to affect peripheral arterial compliance and
endothelial function,100 however this has mainly been tested in healthy trained subjects,
so there is limited evidence at this point that HIIT would be effective in in the
management of peripheral vascular disease.
1.6.2.4 Effect of HIIT on lung function
HIIT is also likely to have a positive effect on pulmonary function. A small 4-week study
of 7 healthy untrained subjects showed that compared to standard endurance training,
HIIT was comparable or superior in terms of improving pulmonary function such as
respiratory muscle strength. These improvements were seen with a low-volume HIIT
protocol, consisting of five one-minute intervals performed at 90% VO2max.101 While
mechanistically plausible, this was obviously limited by a very small sample size.
1.6.2.5 Effect of HIIT on diabetes and glucose homeostasis
While HIIT produces at least comparable improvements in fitness and related health
benefits compared with standard exercise recommendations, it may also have further
beneficial effects on health outcomes, which are relevant to management of obesity.
Small trials indicate that HIIT has a significant effect on reducing blood glucose and
improving insulin sensitivity.86,96,102,103
A number of small, short-term studies have demonstrated that low volume HIIT (ten 60second intervals performed at 90% maxHR) decreases hyperglycemia in type II diabetic
subjects, showing a decrease in 24-hour blood glucose levels from 7.6 to 6.6mmol/L after
only two weeks of training.96 Also demonstrated was reduced postprandial glucose, as
well as increased mitochondrial capacity in skeletal muscle compared to the non-trained
state.96 Further work demonstrated that one bout of HIIT reduces postprandial glucose
for longer and to a greater extent than a matched workload of continuous moderate
intensity exercise.103
A recent study attempted to elucidate the underlying mechanisms for this, and suggested
that HIIT improves pancreatic B-cell function in diabetes. Ten type II diabetic subjects
undertook 8 weeks of supervised HIIT, and were compared with age and weight-matched
non-diabetics. Consistent with the previous studies, there was a favourable response in
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measures of glucose handling; decreased fasting venous glucose and an improved 2hr
oral glucose tolerance test, as well as lower glycated haemoglobin. Measures of
pancreatic function were improved, and reductions in abdominal fat mass were seen in
both groups. Of note, the HIIT protocol utilised in this study was also 10 repetitions of
1-minute intervals, performed thrice weekly, which is of longer duration than some of
the low-volume protocols. This study did exclude subjects with a BMI >40, and all
participants were on oral hypoglycaemic agents, which may impact on generalisability.
Noted in the study was ‘intra-subject heterogeneity in the exercise responsiveness in
glycemic control,' possibly indicating that individuals may vary in their responsiveness
to HIIT.102
A recent meta-analysis of 50 HIIT studies has concluded that HIIT is effective at
decreasing HbA1c and fasting glucose in patients with pre-existing dysglycaemia or type
II diabetes. Importantly, it has been shown that HIIT was superior at reducing insulin
resistance when compared with continuous exercise training.104 Given that diabetes is a
burgeoning public health issue, HIIT may be a useful adjunct to current management, but
all studies to date are still small, short, and often in normoglycaemic populations, and
largely mechanistic in nature. It is still unknown whether HIIT could have any
meaningful impact on diabetes management in the population at large.
1.6.2.6 Effect of HIIT on obesity
Historically, it has been thought that the longer the duration of moderate intensity
exercise, the more beneficial the effect on weight loss.71 This is consistent with basic
metabolic principles; a greater overall energy consumption, and proportionally increased
use of fat as a substrate at lower intensities. The efficacy of this type of exercise for
weight loss has been debated in the literature, with many studies demonstrating that
moderate intensity continuous exercise without dietary modification does not
consistently produce any sizeable reductions in body weight.105
In fact it has been suggested that HIIT may be superior in terms of promoting body fat
reduction, and has been shown in some studies to have a positive impact on
anthropometric measures of obesity.86 Small studies have shown that HIIT, although
requiring significantly less time commitment than continuous moderate exercise, results
in an increase in 24-hour energy expenditure, of a comparable magnitude, leading to
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enhanced lipolysis. This may account for the anthropometric improvements seen with
some HIIT regimens.106
Preliminary evidence has shown that HIIT may also lead to decreased abdominal fat,
compared to other types of exercise, however the reasons for this are still unknown. The
hormonal response to HIIT involves an increase in catecholamines more marked than
that which occurs with moderate continuous exercise.107,108. This is likely to increase
lipolysis, especially in areas that have a high density of adrenergic receptors, such as
abdominal adipose tissue.109 Analysis of heart rate variability following sprint training
has indicated a decrease in the parasympathetic system for up to an hour following
exercise110 - possibly due to persisting metabolites such as lactate and resulting pH
changes. The increased sympathetic activation may play a role in the changes in
lipolysis.109
Performing low-volume HIIT in the fasted state does not seem to alter short- term
outcomes in overweight women, when compared with those fed a standardised breakfast
of 74% carbohydrate prior to training. Although this study had very small numbers (only
8 participants in each group), 6 weeks of a protocol of ten bouts of 60 seconds at 90%
maxHR, conducted thrice weekly for 6 weeks produced meaningful reductions in
abdominal and leg fat in both the fed and fasted groups, with muscle biopsies showing
increased mitochondrial capacity, and an overall increase in fat-free mass. This could be
construed as preliminary evidence that the effect on body fat relates to the catecholamine
response to HIIT leading to improved lipolysis, rather than immediate changes in
substrate use.95
Conflicting results have been shown in other studies, with 12 weeks of HIIT in
overweight adults failing to produce the reduction in android fat demonstrated by a
continuous moderate exercise group, despite expected increases in cardiorespiratory
fitness in both exercise groups. This study was again limited by small numbers (11
subjects in each group), and subjects were predominantly female, which may have
influenced these findings.111 The research to date on the impact of HIIT on obesity has
been conflicting, mechanistic, and again limited by small numbers and short durations.
It has not been demonstrated that HIIT produces meaningful fat reduction maintained
over longer time periods.
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Published evidence examining how HIIT may interact or complement other lifestyle
improvements is scarce. In Montreal, a non-randomised retrospective analysis of 62
overweight participants in a 9-month supervised HIIT program, combined with nutrition
counselling (Mediterranean diet) and resistance training, showed clinically significant
weight loss and metabolic improvements. Subjects attended supervised exercise sessions
twice weekly, during which they performed both HIIT and resistance training. The HIIT
component was completed on a cycle ergometer, utilising intervals of up to 30 seconds,
with the HIIT training sessions taking up to 34 minutes total time. Subject adherence to
exercise training was reported to be extremely high at 97%, and no adverse events were
noted in this study. The combined lifestyle intervention produced a meaningful change
in body composition, with an average weight loss of 5.3kg, BMI reduction of 1.9 kg/m2,
of which a large proportion was body fat; evident from reductions in mean waist
circumference (-5.8cm) with total fat mass and trunk fat mass also decreasing
significantly. This study, while relatively long term at 9 months, provided the participants
with significant levels of ongoing support not generally available to those in the
community setting, and with no control group, it is difficult to assess whether the HIIT
training was a meaningful contributing factor to the outcomes.112 No long-term
randomised trials combining diet and HIIT have been undertaken to date.
1.6.2.7 Effect of HIIT on systemic markers of health
Only small amounts of published work have demonstrated any effect of HIIT on risk
factors or systemic markers of health and disease.
Adiponectin, a protective adipokine, is known to be raised by increasing exercise and by
decreasing body fat. It is associated with enhanced fat oxidation and skeletal glucose
uptake.113 A small Tunisian study (n=33) has indicated that over 12 weeks, HIIT lead to
a greater increase in adiponectin compared with moderate intensity interval training in
adolescent women, although these changes were also correlated with the reduction in
body fat. HDL and LDL and insulin resistance were all favourably improved by both
exercise interventions, although again HIIT was superior in terms of decreasing waist
circumference and triglycerides114 - both meaningful risk factors for metabolic disease.
It should be noted in this study that the HIIT protocol included up to 8 maximal intervals,
performed on a running track, which may not be a feasible protocol for many at risk
groups. The underlying mechanisms for HIIT-induced changes in blood lipids have not
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been fully elucidated, but it has been proposed that while glucose does become the
primary source of fuel with increases in exercise intensity, in the post-exercise period the
metabolic priority is likely to be the replenishment of muscle glycogen stores, which
likely leads to the utilisation of muscle TAGs and VLDL TAGs.115
Postprandial lipemia, a feature of metabolic syndrome, has been shown to be diminished
by acute sprint intervals, with reductions in fasted and postprandial triglycerides
demonstrated in women at risk of metabolic syndrome. This effect was evident
immediately, although further improvements were not seen after 6 weeks of training.116
Studies evaluating the impact of HIIT on inflammatory markers and risk factors show
mostly favourable outcomes, but these studies are limited by small numbers and are most
often utilising quite demanding HIIT protocols such as SIT. It is unknown whether HIIT
could produce significant improvements in markers of health in the general population,
or when less gruelling HIIT regimens are chosen.
1.6.2.8 Effect of HIIT on appetite or ghrelin
A small mechanistic study in 17 overweight males suggests that compared to moderate
intensity exercise, high intensity exercise also has an acute favourable impact on energy
intake and that it may reduce ad libitum food intake in overweight subjects, an effect
associated with reduced active ghrelin levels, a hormone associated with appetite.117 This
work needs to be replicated, tested over a longer duration, and examined in female
subjects.
1.6.2.9 Other physiological changes associated with HIIT
1.6.2.9.1 Cardiac remodelling
It has been long established that improvements in cardiorespiratory fitness confer
protection against not only cardiovascular disease, but also all-cause mortality.62,118
Regular sustained exercise results in structural changes to the heart. Cardiac walls
increase in thickness as myocardial cells enlarge, and the chambers of the heart increase
in volume. There is enhanced myocardial contractility, with an associated increase in
stroke volume. These changes lead to a decrease in resting heart rate, and lower heart
rates during sub-maximal exercise, with consequent improvements in functional
capacity.118
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Accumulated evidence has shown that these effects are related to the physiological dose
of exercise; relating to the frequency, intensity and duration of the exercise sessions. 118
The majority of evidence has suggested that both frequency and total volume of exercise
are likely to be important for optimal cardiovascular protection,13 and it was originally
suggested that exercise should be performed at least 4 times a week for greater than 45
minutes per session. There is some evidence that exercise performed less frequently (23 sessions per week) results in less benefits, and does not prevent age-related
deterioration.119 Exercise performed at higher intensities is undoubtedly more effective
at improving cardiorespiratory fitness. This is important since the overall improvements
in the aerobic capacity (VO2max) of an individual is the most important prognostic
indicator for cardiovascular disease, more so than any other risk factor.62
Low volume HIIT has been shown to rapidly produce peripheral changes such as changes
in oxidative capacity, but it seems that a higher volume of exercise is necessary for central
changes to occur such as cardiac remodelling and reductions in blood pressure, although
these have been reported with longer and more demanding HIIT regimens.97,120,121
The effects of HIIT as a specific exercise intervention to reduce cardiac co-morbidity has
been investigated in a small RCT of Type II diabetic patients, and was found to have
positive effects on cardiac structure and function. After 12 weeks of a HIIT intervention,
14 participants showed increased left ventricular wall mass, improved systolic function
with a significantly greater stroke volume, as well as significant reductions in liver fat.122
This adds further mechanistic evidence that HIIT is likely to have positive cardiovascular
outcomes.
1.6.2.9.2 Chronotropic response
A novel study in heart transplant patients indicated that HIIT may alter the chronotropic
response of the heart. After 12 weeks of HIIT (compared to a continuous moderate
intensity group), the HIIT group showed an increase in peak heart rate, and a probable
improvement in heart rate recovery.123 This suggests that HIIT may also have some
impact on intrinsic cardiac mechanisms.
1.6.2.9.3 Neurological function
It is hypothesised that HIIT may protect against neurodegeneration, reduce the risk of
stroke and improve cognitive function.124 Given the high morbidity associated with
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neurological disorders, this is an area of considerable interest. It has been shown that high
intensity exercise increases blood flow to the brain, but further work is needed to examine
HIIT in this context, and it is acknowledged that there may also be an increased risk of
acute cerebrovascular accident for the inactive participant.124
1.6.3 Enjoyment and adherence to HIIT
Currently, adherence to adequate moderate intensity continuous exercise is poor, and this
is generally believed to be due to lack of time rather than this mode of exercise being
experienced as intrinsically unpleasant.125 Sustained moderate exercise does not
generally produce rapid changes in fitness or weight loss,15,74 and the lack of immediate
tangible results may also contribute to poor adherence. Given that lack of time is cited as
a key issue for not exercising,67 the obvious alternative is a much shorter duration of high
intensity exercise. Intuitively, it has been generally believed that this form of exercise
was less palatable due to the intense nature,126 and was unlikely to be sustained,
especially by overweight individuals who may find high intensity exercise more
unpleasant.71 This was derived from basic hedonic theory - the view that humans seek
out pleasurable activities and refrain from those that are not enjoyable.71
For most non-athletes, it is indeed recognised that sustained high intensity exercise is
perceived as unpleasant during its performance, although it is now being questioned
whether this perception applies to intermittent intervals of high intensity exercise that are
not sustained.71 One small study of 8 recreationally active men demonstrated greater
ratings of perceived enjoyment with interval running compared with continuous
running.127 This of course may not be easily extrapolated to HIIT performed by unfit
participants, or in an unsupervised environment, and it is possible that women may
respond differently to high intensity training.
For HIIT to be genuinely effective in the real world, exercisers must be able to adhere to
the short but demanding protocols. There has been minimal research into the
psychological effects of HIIT, particularly in the non-athletic population. Exercise leads
to psychological responses in an individual, and these may be quantified as affect, and
enjoyment. Affect refers to the acute experience of feeling or emotion, and it is well
recognised that high intensity exercise may be experienced as unpleasant, due to the high
level of exertion and associated metabolic acidosis.128 However, motivation to exercise
is unlikely to be only influenced by how the experience feels at the time. Enjoyment
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refers to a more inclusive construct that considers how the individual adds cognition and
context to the experience, i.e. the emotional response to the entire experience, taking into
account the individual’s feelings of achievement and value.71,129
Affect and enjoyment have been recently assessed in a small trial of 20 overweight
inactive participants, who undertook HIIT sessions of matched work-loads, comparing
different interval lengths. This trial showed that for these participants, affect decreased
throughout all types of high intensity exercise, but more so when continuous exercise or
longer intervals were performed (60 and 120 seconds), compared to sessions that used
shorter 30-second intervals. Enjoyment was also maintained in the shorter intervals, but
was diminished in the 120-second intervals and heavy continuous exercise. This indicates
that, for a given workload, shorter interval protocols were less unpleasant at the time, but
not long enough to be considered unenjoyable.129
1.6.3.1 Adherence to HIIT in the group fitness setting
CrossFit is a popular and well-known form of group-based high-intensity functional
training that utilises both aerobic and resistance exercise, intended to achieve very high
intensities. A small randomised study of 23 overweight participants indicated that
compared with a standard program of aerobic and resistance training, participants taking
part in the CrossFit arm had better adherence and experienced more enjoyment, and were
more likely to plan to continue with exercise. Adherence to the CrossFit programme was
75%, but this study was only 8 weeks in length, so conclusions about long-term
adherence are not possible. It seems probable that the group dynamics of programs such
as CrossFit may positively influence participants’ enjoyment and adherence, so while
findings are not applicable to all kinds of HIIT, it does indicate that group based activities
may be an effective means by which to introduce HIIT training. It should be noted that
the comparison group in this study was quite demanding, with cardiovascular training
sessions lasting 50 minutes, combined with 2 additional sessions of weight training, so it
is questionable whether the high-intensity group was truly compared to a conventional
moderate exercise program.130
1.6.4

HIIT as a ‘gateway activity’

Given that HIIT requires little time commitment and produces rapid changes in fitness,
it has been proposed that HIIT may act as a ‘gateway activity’ that enables inactive people
to experience success with exercise, leading to increasing their overall activity. This
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remains a largely untested theory, although a small short trial of HIIT in pre-diabetic
patients demonstrated increases in overall physical activity by accelerometery. In this
study, 15 pre-diabetic participants received 10 initial sessions of supervised HIIT
training, and then undertook independent training for 4 weeks. Compared with the control
group, that was prescribed 150 minutes of moderate activity per week, adherence was
better in the HIIT group - however it should be noted this was self-reported, although
supported by the expected observed increases in CRF.131 With a study duration of only 4
weeks, this only indicates a possible short-term effect, and impact on long-term physical
activity levels and adherence remains unknown.
1.6.5 Safety concerns relating to HIIT
It has long being recognised that high intensity exercise is associated with a transient
increased risk of a cardiac or thromboembolic event, and this is deemed more likely in
unfit subjects, or in those with a higher risk profile.129 For most individuals, the benefits
of increasing exercise is likely to far outweigh the very low risk associated with the
exercise itself132 However, this potential risk underpins the current ACSM guidelines for
exercise pre-participation screening, in order to minimise the possibility of any adverse
event. For the healthy symptom-free individual with less than 2 risk factors, the risk
associated with exercise is so low that any further medical evaluation is considered
unnecessary. For most other people, some kind of further medical assessment may be
recommended.
It is currently unknown whether HIIT is different from continuous high intensity exercise
in terms of cardiac risk, however it is possible that the intermittent nature of the intervals,
that allow rest periods, limits the stress to the heart and lowers the probability of an
adverse outcome.133 The abundance of published research suggests that HIIT is safe, with
very few adverse events recorded.134 It should be noted that there are obvious limits to
generalising the findings from research studies to the whole population. Published
research studies are subject to ethical requirements, so generally, even participants with
pre-existing conditions are almost always stable, have undergone careful medical
screening, and are receiving optimal management for their diseases. Studies evaluating
HIIT in unstable or very elderly patients are rare.133 Indeed, if HIIT is to be considered
as part of public health guidelines, then the safety for the majority of the population needs
to be carefully considered. With two thirds of New Zealand’s population now overweight
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and at least 50% inactive, the safety of HIIT for those with chronic lifestyle diseases such
as obesity, diabetes, hypertension and ischaemic heart disease needs to be evaluated.
1.6.5.1 Safety of HIIT in cardiac patients
The use of HIIT in the management of medical conditions is not novel; HIIT intervals
were trialled 20 years ago in heart failure patients.135 HIIT has since been trialled in many
different patient populations over the last few decades, and a retrospective analysis of
4846 Norwegian patients using HIIT for cardiac rehabilitation reported a low risk of
acute cardiac events (1 event per 23,182 hours of HIIT), and this was nonfatal. It should
be noted that these sessions were all performed in a supervised environment.134 However,
opposing views have been expressed that this safety data may not be valid, as the study
was underpowered due to such a small total number of events.136
A more recent review questioned whether HIIT is always safe and appropriate for those
with cardiovascular or metabolic disease.83 Further analysis of the safety of HIIT was
undertaken by analysing the acute response to a high intensity exercise session, (n=156),
and this showed an adverse event rate of approximately 8%, which is higher than
previously reported with MICT.87 However, the populations examined have been quite
heterogeneous, already clinically stable and under 66 years.87 Again, power is an issue,
as only 13 adverse events were recorded, of which some were less clinically serious, such
as vasovagal syncope, or nausea. It should be noted that myocardial or cerebral ischaemia
was observed in five of these patients, which may be of concern, particularly if HIIT was
to be performed in an unsupervised environment. The author of this review recommended
caution with HIIT prescription to cardiovascular patients, to ensure they had undertaken
recent moderate exercise, and that HIIT sessions should be undertaken with supervision
and monitoring.87 This would obviously limit its easy application for the general public.
People with diabetes are at higher risk of cardiovascular events, so legitimate concerns
have been raised about the safety of HIIT as an exercise modality for those already at
higher risk. For the majority of type II, the ACSM guidelines137 indicate that exercise
stress testing is advisable in this population.
1.6.5.2 Risk of injury with HIIT
Intuitively, it seems as though higher intensity exercise should carry a higher likelihood
of injury. However, it is possible that the injury risk may have been overstated as the
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nature of the exercise required by an unfit patient group is typically not as demanding as
for athletes - for example to achieve the required intensity, a subject may only need to
walk uphill at a moderate speed.82 More demanding protocols are likely to increase the
risk of injury; analysis of injury rates during an 8-week CrossFit programme found an
injury rate of 1/52.6 hours training time, which is significantly higher than other rates
previously reported.130
1.6.6 HIIT: unresolved issues
Some key questions remain over the utility of HIIT as a public health intervention.
Almost no research has been published examining the adherence to HIIT and its efficacy
in the real world setting.86 Optimal HIIT protocols for different populations have not been
delineated, and gender differences in response to HIIT training may still exist.
1.6.6.1 Long-term adherence to HIIT in the real world
There has been minimal published research examining whether HIIT produces
meaningful outcomes over the longer term, with almost all studies being less than 4
months in duration. Longer duration studies have been limited to a 6-month trial in
stented cardiac rehabilitation patients,138 and a retrospective study of a 9-month
multidisciplinary primary prevention programme.112 These two studies have assessed the
longer-term outcomes of HIIT only in the context of supervised and well-supported
exercise prescription, and do not provide any conclusive evidence that HIIT would be
effective as a primary public health intervention. A New Zealand study described as a
‘real-world’ HIIT intervention was implemented as a supervised group-based HIIT for
overweight subjects, but produced only modest improvements in cardiorespiratory
fitness, citing difficulties with adherence as a possible confounding issue.139
A home-based HIIT programme has been tested with some success in a small group of
cardiac rehabilitation patients. Thirty patients who had received coronary artery bypass
grafting were randomised to 4-week residential standard care or home-based interval
training. These patients received a 1-hour educational session about how to perform HIIT
(a protocol of 4 bouts of 4 minute intervals performed at 85-95% peakHR), but received
no actual exercise training. After 6 months, fair adherence was reported to the homebased HIIT, with 7/12 patients recording completing sessions at least twice weekly for
the whole period. While this was not confirmed by accelerometry or heart rate
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monitoring, the group did show a consistent increase in VO2peak. However, with such
small numbers, power is limited in this study.140
More recently, 76 participants in a Norwegian cardiac rehabilitation programme were
provided with a 12-week HIIT exercise intervention, but no further supervision beyond
this. Peak oxygen uptake was assessed at baseline and then at one year, and was
significantly increased over this time, however there was no control group in this study.
The initial HIIT intervention was delivered as either home-based activities, or as a
hospital-based treadmill program. At the 12-month follow-up, the home-based group
tended to undertake more physical activity compared with the hospital-based group
(p=0.06), suggesting that home-based programmes may be a more effective long-term
option to promote exercise uptake and improve adherence.141
It is difficult to generalise about adherence from studies involving cardiac rehabilitation
to the general population. Subjects who have undergone a significant cardiac event are
likely to be considerably more motivated to exercise and protect their health, and
adherence rates would reflect this. Even in cardiac populations, adherence is sometimes
reported to be as low as 40-70% at 1 year.142,143 These cardiac rehabilitation studies often
have a higher proportion of male subjects, and there is no data to suggest whether sex
influences adherence rates in this setting.
Overall, investigation into the impact of unsupervised HIIT prescription is extremely
limited, and there have been no studies assessing the impact of unsupervised HIIT in noncardiac patients.
1.6.6.2 Sex-specific responses to HIIT
While there have been no sex differences observed in the HIIT-induced improvements in
cardiorespiratory fitness, one small study has suggested that women may not gain the
improvements in insulin sensitivity that have been shown in male subjects. This sex
difference was observed in a short study lasting only 6 weeks, which contained only 8
women in the intervention group.91 While there are theoretical reasons for sex differences
in glucose handling, such as differences in muscle fibre recruitment, larger studies are
needed to replicate this finding.
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1.6.6.3 Optimisation and individualization of HIIT protocols
HIIT protocols of many varieties have been trialled with success, however the minimum
dose has not been ascertained, with no clear guidelines with respect to intensity, duration,
and frequency required. Epidemiological evidence suggests that once weekly sessions
may be sufficient to reduce cardiovascular risk.75,82
When HIIT was initially taken out of the realm of the athlete, a common regimen utilised
was 3-4 minute intervals performed at 85-90% of heart rate reserve (HRR calculated as
[peak heart rate – resting heart rate] x 0.9 + resting heart rate).136 However, with an
apparent need to reduce the time-commitment and effort involved, it was then shown that
a single interval of 4 minutes performed thrice weekly was approximately as effective as
the protocol requiring 4 intervals. This was shown in a small trial of 26 overweight
inactive men, who were randomised to 10 weeks of either 4 repetitions of 4-minute
intervals performed at 90%maxHR, or a single 4 minute interval at the same intensity.
The investigators concluded that a single bout of HIIT had essentially the same impact
on VO2max (10-13% increase), similar decreases in systolic and diastolic blood pressure,
and a 5% decrease in fasting glucose. Interestingly, only the protocol with 4 repetitions
produced reductions in body fat and blood lipid parameters (LDL and oxidised-LDL).94
While an underpowered trial, with only male subjects, if accurate this may have excellent
public health implications. For example, the single interval protocol could be undertaken
as a 4 minute walk up a 10% grade hill or by walking up 6-10 flights stairs. Further work
needs to be done to confirm the minimum dose of HIIT required for improvements in
health outcomes, as with such a small study it is possible the difference between groups
would have become more evident over time or with bigger numbers.
While it is possible that the frequency of sessions, and number of intervals can be
reduced, most studies indicated that the higher the intensity attained, the greater the effect
on the desired outcomes. A larger trial in 112 coronary heart disease patients over 12
weeks demonstrated that the higher average heart rate (as % of maximum) achieved, the
more the increase in VO2max. The investigators then recommended 92% of HRmax as a
target.144
Most published studies of HIIT have used running, treadmills or stationary cycles, but it
would seem logical that any form of exercise that enables the participants to attain desired
heart rates should be suitable. While this has not been extensively studied, 4-minute
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Tabata-type workouts consisting of whole body exercises such as high knee running,
burpees, and mountain climbers have been shown to achieve 86% of HRmax, with RPEs
of 15.4.145,146
Sports or games that involve high-intensity intervals are more likely to be perceived as
enjoyable, and may well increase adherence. Football and squash are obvious examples
of sports that require short burst of high intensity, as well as many dance sports. As it is
difficult to standardise the intensity of HIIT achieved in these settings, little work has
been done in this area, but could be highly relevant to making recommendations to take
part in HIIT for the general population.
1.6.6.4 Modification of HIIT protocols for at-risk populations
1.6.6.4.1 HIIT for the ageing population
HIIT has been shown to be beneficial for older people, however concerns have been
raised about applying similar exercise protocols without consideration for the possible
need for longer recovery periods. Ageing generally leads to some changes in
physiological function and ability to adapt to stimuli; it is recognised that even healthy
older adults may take longer to recover from other modes of exercise. A small crossover
study in Scotland demonstrated that a prolonged recovery period may also be required
for older people undertaking HIIT training. In a comparison of 10 athletic healthy older
men with 10 younger men, it was observed that for the older cohort, peak power output
was reduced at 3 days following HIIT, although recovery of peak power was complete at
5 days. For the younger group, 3 days was sufficient for complete recovery.147
It is intuitive that recovery time is likely to be related to the intensity and duration of the
exercise stimulus, and also on the baseline fitness of the subjects. Given that this study
was performed in athletic healthy older people, it is probable that untrained and unfit
people would require even longer recovery. It is also possible that recovery time may
differ in those who are accustomed to HIIT training, regardless of age - it was not reported
if these subjects were usually exposed to high intensity exercise. This study also only
reported on peak power output following a single session of HIIT, which primarily
reflects muscular and acute cardiovascular recovery. The cumulative effects of
insufficient recovery time from HIIT training on the autonomic system in the older
participant have not been described, and conceivably could be detrimental.
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Prescription of the frequency of HIIT sessions then requires consideration of adequate
recovery times, and this will most likely vary by the age, health and fitness of the subject.
Insufficient rest time between HIIT sessions may impact on how enjoyable this form of
exercise can be, and increase the risk of injury. While there are many possible HIIT
protocols adapted for participants with poor fitness and underlying health conditions,
there has been little discussion in the literature of how to best individualise HIIT
protocols with respect to age.
1.6.6.4.2 HIIT protocols for patients with cardiovascular disease
There is a general consensus that the standard Wingate maximal sprint protocol is not
optimal or perhaps the safest option for patients with known cardiovascular disease.
Experts in the field disagree as to optimal protocols, with some promoting up to 10
repetitions of 1-minute intervals performed at 80-90% of maximum HR.89,103,148
Opposing views suggest that one minute intervals may be too prolonged for this type of
patient, and very short intervals of 15-30 seconds performed at 100% peak power has
more evidence of efficacy, and is likely to be safer.149 It is clear that further work in this
area is required.
1.6.7 Summary of HIIT research to date
The key issue now appears to be that of the translation of HIIT from the laboratory setting
into effective exercise prescription for individuals for management of health and obesity.
The long-term adherence to unsupervised HIIT is completely unknown. Further work is
also needed to test the efficacy of HIIT in combination with dietary change, to assess the
minimum and optimal protocols, and larger studies are needed to elucidate any sex
differences in response to HIIT, particularly with respect to insulin sensitivity.

1.7

Nutrition Recommendations for Public Health

As well as physical activity, nutrition is also key to improving health outcomes. However,
in order for public health dietary recommendations to result in long-term benefits, they
need to be simple, sustainable and safe. Recommended eating patterns must ensure the
provision of adequate nutrients, as well as aiding in the maintenance of a healthy body
weight. For meaningful improvements in health outcomes, there needs to be evidence
that dietary guidelines are effective for weight control, and lead to desirable metabolic
outcomes. Improvements in glycaemic control, lipid profile and inflammatory markers
30

indicate an associated reduction in disease risk. While most eating patterns that decrease
body fat will produce favourable metabolic changes, these can also be influenced by diet
independently of weight loss. Nutrition guidelines should promote a healthy body
composition, but also lead to overall metabolic benefits. Improving the health outcomes
of the population must surely be the primary goal of any public health dietary
recommendations.150 While some dietary patterns such as a Mediterranean diet have long
been recognized as beneficial to health, there is growing interest in the outcomes
associated with topical approaches such as intermittent fasting and Paleolithic-type diets.
1.7.1

Intermittent Fasting

Intermittent fasting (IF) or intermittent energy restriction (IER) is a dietary intervention
that employs temporary reductions in energy intake to promote weight loss and improve
health. It is obvious that energy restriction can lead to weight loss when sufficient caloric
deficit occurs, and there is an abundance of evidence showing that long-term continuous
caloric restriction of approximately 20% is beneficial for health and longevity for animals
and humans.151,152 However, constant food deprivation is unpleasant, and poses
difficulties for adherence for most people. Recently there has been increasing interest in
IER as means of utilizing the benefits of caloric restraint in a more sustainable manner.
IER may be implemented in different ways - time restricted feeding (TRF) in which the
daily intake is only consumed within a 4-6 hour period, or by considerably reducing
energy intake on different days. Commonly this is either on alternate days, known as
alternate day fasting, (ADF) or on selected days, such as the 5:2 approach.153
While it would seem that the impact of all of these approaches would be merely due to
the overall caloric reduction, it appears that the act of intermittently restricting food
intake in itself may be important. This is of interest because decades of Nutr Res has
focused on the ideal macronutrient composition of diet and overall caloric intake, but
little attention has been paid to the frequency and timing of feeding. Nowadays, in
developed societies, the norm is to consume three meals each day, often with snacks at
other times. From an evolutionary perspective, it seems unlikely that it was usual for
humans to have a constant supply of food available. Hunter-gather societies would
function for extended periods of time without food.153,154 Developed societies now
generally allow unrestricted access to food over a large part of the day, with night-time
illumination prolonging the duration of likely eating occasions, and most people do not
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experience any extended periods without energy intake. However, it has been suggested
that ceasing eating for set periods such as 16 hours a day (e.g. from 8pm to noon the next
day) may be beneficial.
While IER type diets such as the Fast Diet or 5:2 Diet are currently topical in the popular
media, this approach was first trialled and shown to be beneficial in diabetic patients
nearly two decades ago. Addition of intermittent fasts to a standard programme of caloric
restriction improved weight loss and had positive effects on HbA1c in 54 patients with
type 2 diabetes during a 15 week intervention. It was noted at the time that more weight
was lost than expected with the addition of the fasting periods, presumably as a result of
better adherence.155 From this, it was conjectured that fasting for short periods may
enable the benefits of energy restriction to be utilised in a more tolerable manner.
1.7.1.1 The physical effects of fasting
Humans are well evolved to cope with fasting. Liver storage of glycogen enables glucose
to be quickly made available as needed, and fat stored in adipose tissue provides longterm storage.153 In humans, cessation of food intake for 12 to 24 hours leads to the
depletion of glycogen from the liver, and a reduction in blood glucose by 20% or more.
This results in the use of other sources of glucose, free fatty acids and ketone bodies as
fuel sources. The ability of organisms to utilise multiple forms of energy is a metabolic
adaptation seen in many species, and enables most humans to be able to survive
starvation for 30 days or more.151 It has been demonstrated that long-term energy
deprivation (such as caused by dieting or lack of access to sufficient food) leads to
persistent metabolic changes in humans. Sustained food deprivation over years has been
shown to produce what appears to be permanent decrease in overall energy expenditure,
partially due to a decrease in spontaneous physical activity. Even after refeeding with an
ad libitum diet and consequent weight regain, this metabolic adaptation seems to persist,
possibly due to permanent changes in regulation of thermogenesis.156 The physical
consequences of intermittent fasting are less clearly described. Responses to an acute 36
hour fast appear to be different to that of chronic starvation, as it has been shown in small
studies that ad libitum eating is not sufficient to compensate for short-term energy
deficit.157
Ideally, reduction of excess body fat should be achieved without sacrificing lean mass.
The duration and severity of energy restriction appears to influence the composition of
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weight loss. Severe calorie restriction over a number of days appears to impact
immediately on lean body mass. In obese males, total fasting over five days has been
shown to produce a 5% weight loss of which a large proportion (54%) was fat-free
mass.157 This is in contrast to ADF regimens, in which energy restriction occurs only on
alternate days, and in which less fat-free mass (10%) is lost compared to that observed
with continuous restriction.158 Again, these observations support the idea that intermittent
fasting may be a safer and more effective manner in which to restrict energy intake.
1.7.1.2 The psychological effects of fasting
The psychological response to fasting is obviously key to adherence. Evidence from
studies of prolonged caloric restriction have shown that the psychological response is
that of initial hyperphagia to regain weight. From this it has been extrapolated that fasting
may result in binge-eating for some people.157
But hunger is a complex response which can be overridden at will such as in food strike
or anorexia nervosa. It is likely to be influenced by the degree of caloric restriction, and
type of macronutrients consumed. Psychological effects other than hunger are also
important for long-term adherence to fasting. Like hunger, fatigue and a reduction in
energy expenditure are reported to occur with fasting, but more so with prolonged severe
restriction.157 Interestingly, fasting has been noted in some cases to produce an improved
mood. This is thought to be an adaptation to enhance the ability of a hungry human to
acquire food, that ‘the human body may be programmed to cope with famine, but not with
over-feeding.’ Activation of the HPA axis, changes in neurotransmitter levels,
endogenous endorphin release, and ketosis are all considered likely to contribute to this
observed elevation in mood.159 The effect of intermittent fasting on mood is largely
unknown, although there is emerging evidence it may be beneficial.150
Overall, a large body of background evidence suggests that prolonged periods of fasting
for 36 hours or more appears to produce adverse consequences in terms of loss of lean
mass, hunger and other psychological effects, and does not seem to produce lasting
weight loss after one year.151,156,157 These findings have driven interest in intermittent
fasting, as energy restriction for much shorter durations may not be associated with the
same issues.157
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1.7.1.3 Evidence for beneficial effects of fasting and IER
Initial work on IER was undertaken in rodent models, and demonstrated that ADF
prolongs lifespan in young and middle-aged animals.152 In rats, ADF appeared to be
protective against the development of some cancers, neurodegeneration and metabolic
syndrome.151 In addition, improved cognitive function and memory were observed, with
emerging evidence suggesting that IER provides neuroprotection against induced
ischaemic strokes.152 Metabolic syndrome, cancer, dementia and strokes are prominent
diseases in the human population, so there is increasing interest in the possible health
benefits of intermittent fasting in people.
Currently, the literature examining IER in humans is very limited. A recent systematic
review of available human IER studies concluded that modified fasting does promote
favourable health outcomes, but there is currently insufficient high quality evidence to
demonstrate benefit or safety.160 This review included three RCTS of intermittent fasting
(modified 2 days/week approaches or ADF), as well as two observational studies. The
controlled trials were short in duration (from 2 days up to 12 weeks), with small numbers
of subjects (maximum of only 32 participants). Key findings were that IER improved
weight loss compared to control groups (usually caloric restriction), and metabolic
benefits were noted, but the small numbers and statistical shortcomings limited stronger
conclusions.160
The two prospective observational studies examined outcomes relating to religious
fasting (usually for less than a 24 hour period), which was performed once a month over
many decades, conducted in cardiac patients. Subjects whom self-reported fasting once
monthly were shown to be less likely to develop heart disease or diabetes.160 While this
review presents preliminary evidence that fasting may be of benefit to humans, optimal
protocols or long term outcomes have not been explored.
In order to evaluate long-term outcomes, another meta-analysis of six trials examined the
effects of varying types of intermittent energy restriction (IER) for periods of at least six
months, and concluded that there was no difference in weight loss when compared with
CER.161 Again, because of the limited number of studies and small numbers of
participants, longer term outcomes over 12 months were unclear. This review concluded
that the effect of IER on lipids, blood glucose and insulin was not significantly superior
to those seen with CER. The overall dropout rate in this review was reported to be 31%,
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with no difference between intermittent and continuous regimens. This review included
a diverse range of dietary interventions, including variations on ADF and periods of
intermittent energy restriction lasting for many weeks.161
The effect of IER on the development of type 2 diabetes was evaluated in a 2014 review
that concluded that IER of up to 3 days each week (including ADF) was likely to be as
effective as CER for the prevention of type 2 diabetes in overweight pre-diabetic
subjects.162 Weight loss, especially visceral fat reduction, leads to improvements in
insulin sensitivity, and is the cornerstone of lifestyle management of prediabetic patients.
While the review contended that CER might still lead to a greater overall weight loss
(especially with a larger caloric deficit), interestingly IER appeared as effective as CER
for reducing insulin levels and improving insulin sensitivity. A surprising finding was
that similar reductions in fasting insulin of 20-21% were observed with both IF and ADF
studies, despite ADF requiring more frequent fasting. Changes in fasting glucose levels
were not consistently observed. Significant visceral fat reduction was noted, although it
was often assessed indirectly by waist circumference in the studies included. 162 This
review included 9 studies of IER, 7 of which were ADF regimens, however none were
longer than 24 weeks, with most being of 6-12 weeks duration. While it appears likely
that IER approaches are mechanistically effective at preventing progression to diabetes,
clearly long term effectiveness has not yet been demonstrated, particularly with respect
to the lesser studied 5:2 approach.162
Most recently, a review of IER (including ADF) concluded that it was as effective as
CER for improving body composition and clinical health markers such as total
cholesterol and triglycerides. The trials included were of up to 24 weeks duration, and
the fasting protocols of IER for one or two days/week (similar to the 5:2) produced
reductions in body weight of 3-7%, but these studies did require overall caloric
restriction.163 A further review of only ADF indicated that it was superior for preservation
of lean body mass compared with continuous restriction over time periods of up to 12
weeks.158 Overall, the literature suggests that a wide range of IER protocols can lead to
positive health outcomes, but more evidence of efficacy relating to specific protocols
such as the 5:2 is required.
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1.7.1.4 Randomised Controlled Trials of 5:2 intermittent fasting
The largest published RCT of this kind of intermittent fasting in humans examined 107
overweight or obese women who were randomised to IF undertaken on two days a week,
or to a CER group. After six months, outcomes from the IF group were largely equivalent
to those achieved with CER; both groups showed significant weight loss, and markers of
risk reduction for cardiovascular disease, diabetes and breast cancer. IF appeared to be
superior in terms of effect on insulin sensitivity and adiponectin changes, but it did not
prove easier in terms of adherence.164
Both regimens were intended to lead to an overall reduction in energy intake of 25%.
The IF group was required to reduce their intake on two consecutive days by 75% - on
these days they would consume mainly milk with four portions of vegetables, and one
serving of fruit, as well as receiving vitamin and mineral supplementation. While the trial
was performed as a free-living study, subjects were contacted by phone fortnightly and
had monthly appointments and feedback, which provided a level of support which is not
immediately applicable to the real world setting.164
A weight loss of approximately 7% was achieved in both groups, which was estimated
to be 79% fat, and 21% lean, as assessed by bioimpedance. Measures of inflammation,
such as hsCRP decreased in both groups, as well as a reduction in markers of
cardiovascular risk including LDL cholesterol, triglycerides and blood pressure. No
changes were found in levels of ghrelin, brain-derived neurotrophic factor (BDNF) or
fasting glucose with either approach. Dietary analysis showed the IF group consumed a
lower energy intake compared to the CER group, and also significantly lower amounts
of protein and carbohydrate.164
This trial did not demonstrate that IF had greater ease of adherence than CER.
Compliance to fasting was assessed by diet records; although by 6 months these were
completed by only 54% of participants. The low return of diet records was taken into
account using an intention-to-treat analysis that assumed incomplete records indicated
non-adherence, and also included dropouts similarly. The overall dropout rate for this
study was 17%, with a higher (albeit non-significant) proportion in the IER group (21%)
compared with 13% in the CER group. By 6 months, only 44% of IF participants were
reporting full compliance with two days of fasting each week, although another 13%
were completing one day weekly. By comparison, in the CER group, 32% showed full
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adherence to the 25% energy restriction. After dropouts were excluded from the analysis,
64% of participants were adhering to the two days of fasting, compared with 55%
adherence reported in the CER group.
Perhaps the most interesting finding relating to adherence was that at the cessation of the
trial, a much lower proportion of subjects reported that they planned to continue with IF
(58%) compared with CER (85%).164 It may be that the limited nature of the fasting tested
in this study, which consisted mainly of milk and vegetables, did not promote long-term
adherence. It could be that the lack of variety in the diet, chosen to be pragmatic to
deliver, proved more difficult to tolerate than the IF itself. Thus, it is feasible that a
regimen of IF that allows self-selection of food types could be more acceptable over a
longer term.
Fasting was more likely to produces adverse effects, with 8% of participants reporting
side-effects such as headaches, constipation and fatigue. Hunger was reported as an issue
by 15% of IF subjects, while none of these problems were experienced in the CER group.
Self-reported psychological side-effects such as pre-occupation with food and poor
concentration were twice as high in the IF group at 15%, who were also more likely to
state that the regimen was problematic to incorporate into normal life.164
In contrast, another study of the 5:2 approach has shown that it resulted in superior weight
loss when compared with CER.150 This study tested IER or intermittent carbohydrate
restriction (ICR) on 2 days a week in a 3-month randomised trial of 115 overweight
women at risk for breast cancer. When compared to CER of 25%, 2 days per week of
75% IER, or 2 days of less than 40g carbohydrate intake, both resulted in greater weight
loss. IER produced greater improvements in insulin sensitivity compared with CER.150
Dietary analysis showed that both of the fasting groups reduced their overall
carbohydrate intake compared to the CER group. An interesting observation was that
although fasting subjects were allowed to eat to normal energy requirements on the nonfasting days, their overall caloric intake remained reduced in both groups; 32% less in
the IER group and 23% less in the carbohydrate restriction group. Another unexpected
finding was that while the carbohydrate restriction group had a lesser degree of caloric
restriction compared with the other groups, the amount of body fat lost was still
comparable to that seen with the IER group. It was postulated that this may be due to
greater adherence, or due to the higher protein intake which could have promoted greater
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weight loss. While insulin sensitivity improved in all groups, with the largest benefit seen
in the IER group, no HbA1c change was evident in any of the groups, likely due to
normoglycemia at baseline. All groups were observed to produce similar reductions in
leptin:adiponectin ratios, IL-6, total and LDL cholesterol, triglycerides and blood
pressure. It should be noted that all groups were advised to consume a Mediterranean diet
throughout, limiting saturated fat content. Analysis of the nutrient composition of each
diet did show that fibre intake was inadequate in the fasting groups, and deficient intakes
of magnesium, zinc and selenium were marked in the carbohydrate restriction group.150
This study also included a 1-month weight maintenance period in which fasting
participants were advised to reduce energy or carbohydrate intake on one day each week,
which appeared to sustain the changes in weight and insulin resistance.150 This trial
reported a dropout rate of 23%, although adherence to the fasting days was reasonable,
recorded as 76% for IER and 74% for the carbohydrate restriction group. The significant
outcomes in this trial were no doubt due to the reasonable adherence rate, and participants
were again offered a similarly high level of support. While food was not provided, advice
regarding portions and recipes was given, and dietitians were in contact with subjects
every 2 weeks. Clinic visits occurred monthly during which participants were provided
with measurement and feedback.150
This study provides good evidence for the efficacy of fasting 2 days/week but was
relatively short term and well supported, with regular contact with dieticians and clinic
visits. Long term outcomes and unsupported adherence in the real world is still unknown,
and possible fibre and nutrient deficiencies are important to consider.
1.7.1.5 Unresolved issues with Intermittent Fasting
1.7.1.5.1 Adherence to unsupported IER
Most studies on fasting have provided participants with ongoing support from dietitians
and study staff, and in some cases supplements or food. While these trials provide useful
information to support the evidence of mechanistic efficacy of fasting regimens, the
outcomes may not be representative of IER recommendations given to subjects in freeliving environments. Unsupported adherence to a type of IER was examined in a 12
month study in which 65 overweight women were randomised to either CER, or a
previously untested regimen of IER involving one week of calorie restriction (5500kJ)
followed by a week when allowed to consume their normal diet. The women were
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supported for the first 8 weeks with regular meetings, then completed the remaining 12
months of the intervention independently. At 12 months, there was a small but significant
weight loss (4.2% in the CER group and 2.3% in the IER group), with no significant
difference between the approaches. Waist circumference was also significantly reduced
in both groups. It was concluded that both approaches had produced a significant weight
loss in the short term, and over 12 months were equivalent for maintaining weight loss.165
Perhaps not surprisingly given the lower level of support, this study experienced a large
dropout rate of 40% in the first 8 weeks, and with only 48% of participants completing
12 months of the study. On participants’ self-evaluation, only 7 subjects in the IER group
reported complete adherence over 12 months, and just 4 reported they had remained
compliant with the CER protocol.165 This meant that long-term adherence to both
approaches was very poor, as low as 10-20%, and given that these were subjects who
volunteered for a weight loss trial, real-world adherence could potentially be worse.
1.7.1.5.2 The impact of meal frequency and timing during IER
Minimal work has been undertaken evaluating the impact of meal frequency or timing
during intermittent fasting, but it is important to ascertain if changing how the IER is
implemented alters the outcomes. Allowing subjects some flexibility in how they apply
IER is likely to improve adherence, as people utilising fasting for weight loss may prefer
to have an evening meal, or to eat smaller amounts throughout the day. Enabling people
to eat dinner with their families on fasting days may well increase uptake of fasting
approaches, and the option to eat more frequently could help some manage hunger.166
However, most trials to date have been strictly protocolised, often allowing only one
daily main meal, so this remains an area of uncertainty.
A single study on the impact of meal frequency and timing during ADF found that
altering how the fasting calories were delivered had no impact on overall weight loss and
fat reduction. This was tested in an 8-week trial of ADF in 74 overweight participants,
who were randomised to three different eating groups - a single lunchtime meal, a single
evening meal, or three smaller meals over the day. Meals were provided on fasting days.
There was no difference in adherence between the groups, which was high at 89-92%.
Weight loss at the end of the trial was significant at 3.5-4.1kg, with no difference between
the groups.166
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Adherence and tolerability is essential for the real world efficacy of fasting regimens. It
seems probable that these findings could be generalisable to other intermittent energy
restriction approaches, meaning that how food is consumed on fast days is not likely to
impact on overall outcomes. This allows greater flexibility and enables fasting to be more
feasible for many people. It should be noted that this was a short trial, and the
convenience of having meals provided was likely to improve overall adherence.
1.7.1.6 Possible mechanisms of beneficial effects of IER
While it is now thought that intermittent fasting seems likely to be beneficial in humans,
the optimal length and frequency of fasts is unknown. Elucidating the mechanisms
underlying the benefits of fasting could lead to better understanding of how fasting
protocols should be implemented for optimal outcomes.
The key mechanistic concept thought to underlie the possible beneficial effects of fasting
is that of hormesis. Hormesis describes the idea that mild stress to a cell (or organism),
like that which occurs with physical exercise, provokes a protective adaptation to occur,
conditioning it to be better able to withstand further adverse conditions. 153 IER leads to
enhanced insulin sensitivity, increased parasympathetic tone, a decrease in resting heart
rate and blood pressure - changes similar to the response to physical exercise. It then
seems likely that these are a consequence of similar cellular mechanisms.151
Initial evidence suggests that IER is beneficial for the cardiovascular system. The
utilisation of ectopic triglyceride stores that occurs with IER is likely to lead to
cardioprotective effects.167 Fasting has been shown to lead to marked increases in
adiponectin151 and increased levels of this adipokine are believed to be implicated in
improved cardiovascular outcomes.53 There is also initial evidence that periodic fasting
may improve hypertension. IER and ADF have both been shown to improve other
features of metabolic syndrome, with reductions in body fat and improved glucose
handling. Of interest, metabolic and endocrine changes in response to fasting have also
been observed in non-overweight men.151 Elevated adiponectin and improved glucose
uptake are observed without any change in weight,168 indicating that the beneficial
metabolic effects of fasting may be in part independent of those from reducing
bodyweight.
Diseases such as ischaemic heart disease, diabetes, inflammatory arthritides and cancers
are all associated with systemic pro-inflammatory states. Restricting energy intake has
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been shown to decrease markers of inflammation in humans, and this could be beneficial
to manage many conditions such as rheumatoid arthritis and metabolic syndrome.153 In
humans, it has been demonstrated that two days of fasting each week leads to a reduction
in inflammation and oxidative stress.164 There are a number of studies that provide
evidence to support the use of fasting to reduce inflammation to manage rheumatoid
arthritis.169 However, the inflammatory response is highly conserved across most species
as it is an essential component required to fight infection. It is possible that fasting may
lead to reduced immune function, with implications for susceptibility to infectious
disease. Whether fasting could result in failure to fight off infection has not yet been
examined, but is an important consideration.153
While there is evidence of benefits of fasting to prevent and treat cancer in animal
models, there is little yet known about the effects of fasting on human cancers and
neurodegenerative diseases. Fasting decreases not only insulin and glucose, but IGF-1, a
growth factor that may influence ageing and cancer generation. The reduction in IGF-1
is much greater during IER, compared to prolonged caloric restriction, in which it usually
only drops if protein intake is inadequate, so it is conceivable that fasting confers an
advantage over reducing energy intake overall.151
It is possible that alterations in frequency of feeding impacts on the circadian cycle. In
humans, rhythmic changes in neuroendocrine and metabolic function occur each 24
hours. While the circadian cycle is mainly dictated by exposure to light, it is also
influenced by feeding behaviours.153 Disruption of the normal cycles of sleeping and
feeding influence factors such as blood glucose and blood pressure, even with no change
in energy intake.170
1.7.1.7 IER Issues and Concerns
1.7.1.7.1 Breakfast consumption
Conventional wisdom has contended that breakfast is beneficial for health and weight
loss, however this view has recently been challenged, with the suggestion that this idea
was driven primarily by the food industry, rather than supported by a consistent body of
research. There is evidence that associates breakfast consumption with successful dieting
and lower body weight, although the reasons for this may be complex. It does not appear
that missing breakfast increases subsequent food intake for that day, and nor does
consuming breakfast increase metabolic rate enough to compensate for the extra energy
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intake.171 A recent RCT with 309 overweight subjects assessed the impact of the
recommendation to eat breakfast on weight loss, and concluded that the advice to
consume or to skip breakfast resulted in no differences in the amount of weight reduction,
which was very modest (between 0.5-1kg) in this 16-week trial. Participants were
stratified according to normal breakfast habits and were free-living throughout. The type
and composition of the breakfast was not controlled, which is more likely to reflect the
true impact of a public health type recommendation.172
1.7.1.7.2 Safety concerns and adverse effects
Valid concerns have been raised regarding the lack of safety data available associated
with fasting in humans. Prolonged starvation in humans is associated with organ damage
and muscle catabolism. It is unclear what extent of fasting may be unsafe, and how this
relates to frequency of fasting. Prolonged starvation and refeeding is known to be
dangerous, not only due to malnutrition, but also sudden death can occur, due to
metabolic disturbance and electrolyte derangement leading to fatal arrhythmias.157 Data
from rats undergoing ADF has shown effects on the heart such as myocardial fibrosis, so
it is currently unknown whether ADF regimens pose any risk in humans.160 It is
reasonable to assume that over-fasting may lead to potential harmful reductions in
myocardial mass.167
Fasting may have implications for other systems which are affected by eating - the
gastrointestinal system, hormonal disturbances and implications for normal circadian
rhythm. Preliminary research suggests that humans take 3-6 weeks to adapt to fasting. It
is also intuitive that high quality nutrition should be consumed on non-fasting days in
order to gain any benefit other than weight loss from fasting.151 Other safety concerns
include increased susceptibility to infection and the development of disordered eating
behaviours.160 It is possible that fasting could be harmful for some populations such as
children, the elderly, and those who are significantly underweight. Fasting has not been
tested in these populations, and there is no reason to recommend fasting for these groups
at present. Prolonged fasting (greater than 24 hours) is best done under medical
supervision, so is not easily generalisable and is not recommended. Fasting protocols that
have been proposed for weight loss include a modified alternate day fasting or 5:2 IER,
both of which have been previously tested.151
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Common adverse effects noted in previous trials included headaches and constipation.173
Examination of ADF- related adverse effects was examined in a 8-week study of 59 obese
participants.174 Issues such as constipation, bad breath, problems sleeping, weakness and
dizziness were all reported, and none of these symptoms significantly changed
throughout the study. As a common criticism of fasting is that it may have the potential
to increase disordered eating behaviours, symptoms of eating disorders and body image
perception were also examined. In this study, after 8 weeks, depression and binge-eating
was significantly reduced, and restrictive eating behaviours were increased. This was
interpreted as a positive finding, indicating that the subjects were better able to control
their eating behaviours, although there was no change in the reported avoidance of
forbidden foods. Body image score improved during the study, although this could relate
to the significant weight loss achieved.174 These limited data suggest that fasting does
produce some unpleasant side-effects for some people, and may influence tolerability
and long-term adherence.
1.7.1.7.3 Sex-specific Responses to IER
There have been suggestions from the existing research that men and women may
respond differently to fasting protocols. It is possible that masculine physiology seems
to react more favourably, and men find fasting more tolerable. It has been observed that
men sometimes decrease their weight to a greater degree by fasting compared with
standard restriction, while women respond equally to fasting or standard CER.155 It has
also been theorised that fasting may have undesirable effects on hormonal control and
fertility in women, as caloric restriction is known to impact on the menstrual cycle, due
to suppression of the hypothalamic-pituitary ovarian axis.175 No studies have directly
assessed these issues to date with respect to intermittent fasting.
1.7.1.8 Summary of Intermittent Fasting Literature
It seems likely that the physiological response to some degree of fasting or energy
restriction will be of benefit to many people. However, as yet, many aspects of IER have
not yet been adequately examined. The specifics of how IER should be implemented to
lead to optimal physiological benefits has not been determined, and the outcomes of the
popular 5:2 approach are unknown when applied in free-living populations over longterm periods. Long-term adherence to any kind of IER regimen has not demonstrated.
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For IER to be an acceptable dietary intervention, the challenge appears to be in the
implementation, as there are societal norms governing regular eating, and many
industries with vested interests. Recommendations regarding IER need to consider ease
of adherence in modern society in which constant consumption is considered normal, and
in which the normal working day is structured around regular meal breaks. While fasting
for religious reasons has been practiced for centuries,153 doing so for health reasons may
not be as easy.
1.7.2 The Paleo Diet
Palaeolithic-type diets (’Paleo’) have recently become a popular eating pattern. Generally
the Paleo dietary approach excludes dairy, grain products and processed foods, on the
premise that many humans still lack full genetic adaptation to cope with these kinds of
foods, not easily acquired prior to the agricultural and industrial revolutions. The
exclusion of grains and dairy foods means that in some respects, Paleo diets are markedly
different from current recommendations. This kind of eating pattern was originally
proposed when anthropological studies of both ancient and contemporary hunter-gatherer
societies indicated an apparent absence of ‘diseases of civilisation’ such as heart disease
and diabetes. Myriad factors may have contributed to this observation; food was likely
less abundant, with supply limited by climate and geography, and regular physical
activity and prolonged breast-feeding were usual. The real incidence of diseases
associated with ageing are difficult to assess in a population with a much shorter lifespan,
on average 30-35 years. Early death in hunter-gatherer societies was primarily due to
infectious diseases, impacting mostly on child mortality. In limited studies, adults who
survive to become old appeared to age well, maintaining high fitness and low
morbidity.176-178
1.7.2.1 Rationale for rejecting grain consumption
The rationale for exclusion of grains, proposed originally by Loren Cordain, is that
humans evolved in the tropics, so have not developed a gut that can effectively process
seeds from the grass species. Cereal grains were not a major part of the human diet prior
to the adoption of agriculture less than 500 generations ago. It is known that humans are
still unable to solely subsist on grains without supplementation as they lack some
essential nutrients such as vitamins A, C and B12. Deficiency diseases of these vitamins
are common in parts of the world where grain forms the main part of the diet.179
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Wheat consumption is the recognised cause of some autoimmune diseases, such as
coeliac disease, and there have been many theories suggesting wheat consumption is
implicated in the development of other autoimmune disorders, as well as neurological
conditions including multiple sclerosis and epilepsy.179 Mechanistic studies in humans
have shown that components of wheat such as wheat-germ agglutinin (WGA) and gliadin
increase intestinal permeability and bind to immune cells, which may be implicated in
the pathogenesis of autoimmune disorders. However, it is currently uncertain whether
grain consumption contributes to systemic inflammation in non-coeliac individuals as
intervention studies have not shown an obvious effect either way.180,181
The proportion of gluten-containing cereal grains in the human diet has increased
dramatically within recent time periods, and the gluten content of wheat has also
increased due to selective breeding of more productive wheat. As obesity is primarily a
concern of societies in which bread and cereals are abundant, it has been proposed there
may some direct mechanistic effects of consuming wheat proteins. It has been recently
shown that digested wheat gluten acts to inhibit leptin binding in vitro at physiologically
significant concentrations. From this, it was hypothesised that gluten may contribute to
leptin resistance.182
Conversely, it is well-recognised that the dietary intake of whole-grains is associated
with improved health measures and mortality in many studies.183,184 However, intake of
whole-grains has been compared to consumption of refined grains, that are likely to be
related to poor outcomes.185,186 Without a direct contrast with diets that exclude grains,
there does not yet seem to be unequivocal evidence of a beneficial effect from wholegrain intake. Whole-grain consumption has been found to be correlated with other
healthy habits; whole-grain consumers are more likely to eat fruit, vegetables, coffee,
fish, and are less likely to be overweight or smoke.186 This makes it more difficult to
conclusively state that it is the whole-grains themselves that promote the beneficial
outcomes observed.
Paleo diet proponents argue that, for the above reasons, grain intake may be harmful
rather than nutritious. While grain-based food is clearly essential to provide for the food
needs of the planet, how and why they contribute to human disease is also important.179
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1.7.2.2 Evidence supporting efficacy of ‘Paleo’-type diets
1.7.2.2.1 Uncontrolled studies
Initial studies evaluating Paleo diets were uncontrolled, with small numbers of healthy
or overweight participants. Preliminary evidence of metabolic benefits from the Paleo
diet was demonstrated in a study of nine healthy sedentary adults who were provided
with a strict Paleo diet that excluded all grain, dairy and legumes for ten days.187 Energy
intake was adjusted to maintain body weight. After this short period, blood pressure,
arterial distensibility, insulin sensitivity and blood lipids all improved significantly
compared to baseline. The rapid alteration in blood pressure observed was believed to be
due to an altered sodium:potassium ratio,188 reflecting the significant changes in
electrolyte intake as a consequence of the high fruit and vegetable content of the Paleo
diet.187 Although the participants were mildly overweight (average BMI of 27), they were
otherwise healthy and still appeared to consistently benefit in this very short timeframe.
Another short trial of the Paleo diet in healthy participants was undertaken in fourteen
Swedish medical students for three weeks, and resulted in significant weight loss,
reduction in waist circumference and decrease in systolic blood pressure.189 It is
noteworthy that such significant effects were produced in such a short time on healthy
volunteers, who started the study with an average BMI of 22 kg/m2 and blood pressure
of 110/65. This occurred while consuming an ad libitum Paleo diet, excluding all grains,
dairy, legumes and processed food, with certain foods allowed but limited - such as dried
fruit, potatoes, fatty meat and honey.189
A third small, uncontrolled study demonstrated significant effects of a strict Paleo diet
on decreasing liver fat deposition.190 Following five weeks of intervention, hepatic
triglyceride levels were reduced by 49% in ten postmenopausal overweight women.
Reduction in liver fat is considered to be clinically important, as hepatic fat is predictive
of cardiovascular disease and type 2 diabetes. Other findings included a significant
reduction in weight, waist circumference, fasting glucose, and LDL cholesterol. Hepatic
insulin sensitivity improved, as assessed by reduction in urinary C-peptide levels. The
Paleo diet in this trial was designed to be consumed ad libitum, but the main meals were
provided with a set macronutrient ratio of 30% protein, 40% fat and 30% carbohydrate.
This resulted in an overall decrease in energy intake, with lower carbohydrate and greater
protein levels, compared to baseline. The total fat intake did not change but the ratios of
types of fats consumed were altered significantly, with an increased proportion of MUFA
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and PUFA intake.190 It is possible that the reduction in liver fat deposition was merely a
consequence of a decreased caloric intake or the reduction in carbohydrate content rather
than being specific to a Paleo-type intervention per se. It was also postulated that the
higher protein or proportions of different fat types may have been implicated in this
outcome.
These three small uncontrolled studies present initial evidence of mechanistic efficacy of
the Paleo diet, however it seems probable that implementation in uncontrolled settings is
likely to include greater amounts of saturated fat and carbohydrate, and likely would
produce different outcomes.
1.7.2.2.2 Randomised controlled trials of the Paleo diet
A small number of RCTS have been conducted comparing the effects of Paleo diets with
control diets.191-195 Again, these studies had small numbers of participants and with one
exception, were short in duration. These published RCTs have all shown the Paleo diets
to produce superior outcomes when compared with control diets, but have all had small
numbers and the Paleo interventions have all required restrictive diets that exclude all
grains and dairy foods, legumes, salt and sugar, with limits imposed on intake of starchy
vegetables and dried fruit as well. Importantly, lean meats were emphasized and added
fat for cooking was limited to MUFA rich olive or rapeseed (canola) oil.
This Paleo diet was compared with a standard healthy diet (containing moderate
carbohydrate and low in saturated fat) in a trial of 34 overweight participants with
features of metabolic syndrome.191 Despite both diets being designed as isocaloric,
participants in the Paleo arm were unable to maintain their weight during two-week
study. Post-hoc analyses taking the weight reduction into account showed that the Paleo
diet was superior in reducing the number of characteristics of the metabolic syndrome,
including a clinically significant decrease in systolic blood pressure (adjusted difference
of 13mmHg) and total cholesterol: HDL ratio (adjusted difference -1.1). In this study, no
change was evident in inflammatory markers.191 While these results appear promising,
this trial was extremely short, and all foods were provided along with a high level of
support from personal coaches. The full adherence reported in this trial would therefore
be unlikely to reflect that obtained in the real world. This trial does suggest that a ‘pure’
(albeit restricted) Paleo approach may improve features of metabolic syndrome
independently of weight loss, and is also likely to promote weight loss. Why the Paleo
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diet produced such marked changes in metabolic indices over such a short time frame is
not clear, but it has been speculated that diets rich in whole foods and without grain based
products may lead to rapid changes in the microbiota.196 Modern diets tend to be dense
in acellular carbohydrate, which may enhance the growth of inflammatory microbiota in
the upper gastrointestinal tract, contributing to undesirable metabolic outcomes.
Another small trial in 13 patients with type II diabetes evaluated the effects of the Paleo
diet, in comparison to a standard diabetes diet (crossover) on cardiovascular risk factors
over 3 months.192,193 The Paleo intervention resulted in significantly lower HbA1c,
triglycerides, diastolic blood pressure, bodyweight and waist circumference compared
with the control diet. This study is again obviously limited by small size, and provides
no additional data around adherence, other than noting one participant discontinued the
Paleo diet due to gastrointestinal discomfort.192 Longer-term outcomes or adherence were
not described. This study also ascertained that a Paleo diet was more satiating per calorie
than the recommended diet for diabetes, as measured by satiety quotient (subjective
change in satiety per meal), likely due to the lower energy density of the food types
allowed. Subjects also perceived the Paleo diet as effective in assisting weight loss and
improving blood sugar control.193 However, perhaps not surprisingly, participants also
reported difficulties with adherence to the Paleo arm, citing expense, monotony and
disliking restriction of cereal and dairy products as issues.
The only trial of the Paleo diet in a clinical population was undertaken in 29 male patients
with ischaemic heart disease, producing a superior improvement in glucose tolerance
compared with a Mediterranean diet over 12 weeks.194,195 This effect occurred in subjects
who had diagnosed issues with glucose homeostasis, or had pre-existing type 2 diabetes
or impaired glucose tolerance. Interestingly, this effect on glucose tolerance appeared to
occur independently of the reduction in waist circumference or bodyweight, although
these did decrease in both groups. Statistical modelling indicated that the improvement
in glucose tolerance was not associated with reduction of energy or carbohydrate in the
diet. Interestingly, the inclusion of fruit in a Paleo diet produced no adverse effects, since
participants reported variable but quite high consumption of fruit (seven times the median
for the corresponding Swedish male population.) In fact, fruit intake was associated with
greater reductions in waist circumference, suggesting that inclusion of fruit as part of a
Paleo diet is not likely to contribute to issues with blood sugar or weight control.195
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Both of the diets significantly decreased leptin levels, the Paleo diet by 31%, and the
Mediterranean by 18%. While the decreased carbohydrate intake could in theory also
account for the reduction in leptin, an interesting post-hoc analysis indicated that the
leptin reduction was significantly associated with the decrease in grain intake (excluding
rice). It was contended by the authors that some cereals may influence leptin function,
and impact on satiety.194 Adherence remains in question, as the loss of participants in the
Paleo group was around 21%, compared with no dropout in the Mediterranean group,195
which may indicate issues with tolerability of the strict version of the diet used in this
trial.
To ascertain long-term outcomes resulting from a Paleo diet intervention, a two year RCT
was then conducted in 70 obese postmenopausal women.197 This study compared the
Paleo diet with Nordic Nutrition Recommendations (NNR) - a relatively low protein
(15%), high fibre and high carbohydrate diet, with both diets having no constraints on
the amount of food consumed. In the Paleo arm, dairy, cereals, salt, refined fats and sugar
were all excluded, whereas added olive or rapeseed (canola) oils were allowed. Both
groups received twelve group sessions with a dietitian, and written educational materials.
It was reported that 77% of participants completed the full two-year study period in the
Paleo group, compared with 63% in the NNR arm, although this was not reported as
significant. The Paleo diet proved superior at six months with a greater fat loss of 6.5kg
(compared to 2.6kg in the control group), and a greater reduction in waist circumference
(11.1cm compared with 5.8cm), but this did not persist at 24 months. While both groups
still showed significant reductions in weight, fat, waist circumference and blood lipids,
blood pressure and hsCRP over 24 months, the only difference between the two groups
at the end of the study was that of lower triglycerides in the Paleo arm, with a mean
reduction of 0.23 mmol/L. This was however, considered clinically significant, as
triglycerides are implicated in metabolic syndrome and fatty liver, both of which are
common in this population. They also signify the presence of ectopic fat, implicated in
cardiovascular risk.197
Assessment of the diet undertaken using 4-day estimated records, indicated that Paleo
participants decreased their carbohydrate consumption, (34% at 24 months) with higher
intakes of protein (22%) and fat (40%). Subjects in both diets showed a similar reduction
in overall energy intake of 12-20%. Adherence to the diets was not further described.197
This two-year study provides the best evidence available that Paleo type dietary approach
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can lead to meaningful weight loss and improvements in health outcomes, although in
most respects did not appear more beneficial than a standard approach over the longer
term.
1.7.2.3 Summary of the evidence for the Paleo diet
A single meta-analysis incorporated the four available RCTs (only 159 subjects in total)
and concluded that Paleo diets did produce better outcomes compared with control diets
for components of metabolic syndrome in the short term (under 6 months), primarily on
waist circumference, triglycerides and blood pressure.177 The findings from this metaanalysis appear consistent with current nutrition knowledge; reducing the intake of
processed foods would limit most high glycaemic carbohydrates and decrease salt intake,
while increasing the intake of omega-3 to omega-6 fatty acids, as modern processing of
foods usually results in the addition of salt and often vegetable oils, which are higher in
omega-6 content.
It is difficult to conclude that exclusion of dairy or wholegrain products was essential to
contribute to this positive effect, although it is possible that wholegrain foods do provide
carbohydrate in excess of what is optimal for some people.177 While this review provides
some evidence of the efficacy of a Paleo approach, data were only utilised for study
periods of less than six months duration, so it provides no evidence of long-term
outcomes, adherence, effects on quality of life or evaluation of possible adverse effects.
1.7.2.4 Unresolved issues with the Paleo diet
1.7.2.4.1 Adherence
It remains unresolved whether long-term adherence to a Paleo diet is possible, and further
studies with better assessment of compliance is required. Clearly, the Paleo diet that has
been examined so far is a very restrictive eating pattern, usually requiring elimination of
entire food groups. It is likely this would be problematic for many people to incorporate
into everyday life over the long term. Differing versions of Paleo diets often appear in
the popular media which include dairy products, or suggest that occasional exposure to
excluded foods is unlikely to be harmful. In order to improve tolerability, it has been
suggested that such modifications could allow greater flexibility yet still promote overall
dietary improvements, while still remaining consistent to the general philosophy. These
more liberal Paleo diets have not been formally studied, but a small short study of 20
participants compared a pure Paleo approach with a modified version that allowed three
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unrestricted meals and two unrestricted snacks each week.198 Eighty percent of
participants completed the five week trial, and both groups significantly decreased
weight, body fat and BMI. While this was a very limited study, it does lend support to
the idea that less stringent approaches may still produce successful outcomes.194 The
concept of a ‘modified’ Paleo approach seems more feasible for the general population,
and is as yet untested.
1.7.2.4.2 Inadequate Calcium Intake
When Paleo diets fully exclude dairy products, calcium intake falls below recommended
levels, and this has been demonstrated in most of the studies to date.189,191,194 Decreased
calcium intake may have adverse consequences for bone health. Advocates of the Paleo
type approach have argued that calcium balance is not governed solely by overall calcium
intake, and current recommendations are not supported by good evidence for bone
protection.194,199 It has also been suggested that despite the low intakes associated with
Paleo diets, calcium balance is maintained due to a decrease in urinary excretion.177
However, it is evident that if dairy products could be included as part of a modified
approach, calcium deficiency may be less of an issue.
1.7.2.4.3 Impact of Paleo diet on blood lipids
Prescription of the Paleo diet generally involves restricting food groups and allowing
others (such as animal products) to be consumed without limitations, so concerns have
been raised that this may have an adverse impact on blood lipids. Supporting this
hypothesis were data from a study of 44 healthy Cross-Fit athletes who consumed an ad
libitum Paleo diet consisting of meat and fish, eggs, nuts, fruit and vegetables for ten
weeks.200 Participants demonstrated a significant increase in LDL and a worsening of the
ratio of TC: LDL.200 However this evidence is not overly convincing, as only eight diet
records in total were obtained from these participants, so dietary analysis was not
possible. It is difficult to draw conclusions about the dietary intervention when there is
little evidence of its implementation. The more clinically predictive measurements of
LDL size and triglycerides were also absent.
It is obvious that the majority of the studies performed evaluating the Paleo diet to date
have to some degree restricted total fat intake, even while they often allow ad libitum
consumption of (lean) meat. Popular versions of the Paleo diet in the public domain tend
not to restrict fat intake in this way, especially if full-fat dairy is included. While the
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impact of saturated fats on cardiovascular risk is again being hotly debated in the
literature,22,23 it is still of interest to evaluate the impact of a diet that is likely to contain
more fats from meat and cheese than is currently recommended. A small Danish
crossover study of 14 overweight women tested how a high-cheese compared with a
high-meat, or a high carbohydrate diet, in their effect on cardiovascular risk markers.
Surprisingly, they observed that the cheese and meat diets had positive effects on HDL
and apo A-I, and concluded that these saturated fats were likely to have less effect on
atherosclerosis than increasing carbohydrate intake.201 It was theorized that increasing
certain types of saturated fats, especially in conjunction with reduced carbohydrate, may
produce favourable effects on atherosclerosis. However, this study had a very small
number of participants, and given the mixed epidemiological literature on the impact of
saturated fats, more conclusive evidence is required.
1.7.2.4.4 Social issues relating to Paleo diets
One prominent objection to the widespread implementation of the Paleo diet as a public
health recommendation is that of the possible impact on climate change. It is very
difficult to replicate a hunter-gather type diet without relying on animal products, which
require more resources to produce than plant based foods.187
Another issue for the Paleo diet for it to be a feasible public health option is the issue of
affordability. Typically grain based foods are non-perishable and inexpensive, so
elimination of them from the diet is likely to raise the overall food expenditure. The
affordability of a Paleo diet (without grains or dairy) has been analysed using an
American modelling system and found to be achievable for those on a low income, but
would require elimination of many food types which reduces variety and could be
problematic for adherence. Moreover, it was concluded that an extra 9% of income would
be required to enable the diet to fulfil adequate levels of fibre and iron (calcium was
excluded).202
1.7.2.5 Summary of the Paleo diet literature
While the rationale for the Paleo diet is still debated by anthropologists and nutritionists
alike, the compiled evidence does suggest that a strictly implemented Paleo diet can
produce favourable outcomes in terms of weight loss and markers of health, possibly
even superior to current recommendations. It appears that the majority of the published
research has been conducted by related research groups, and the version of the Paleo diet
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tested has been very restrictive, excluding not only grains, but all dairy and legumes. To
date, there has been only one trial lasting more than a few months, and this was much
more modest in overall effect. Key questions remain unanswered - it is still unknown
what the real-world long-term adherence will be, and whether the Paleo diet can be
successfully modified (for example to include dairy products) to be more tolerable while
still maintaining positive outcomes.
1.7.3

Mediterranean Diet

A widely recommended diet for health promotion is the Mediterranean diet. This dietary
pattern is typified by a high consumption of plant-based foods such as fruits, vegetables,
legumes, and whole grains. It has a relatively high fat content from olive oil and nuts, a
lower proportion of red meat in favour of fish and poultry, and can be accompanied by
red wine. This type of diet has consistently been linked with longevity and multiple health
benefits.203-205
1.7.3.1 Efficacy of the Mediterranean diet for weight loss
The majority of meta-analyses and reviews support the effectiveness of the
Mediterranean diet for weight loss.206-209 A recent large systematic review210 including
21 observational and interventional studies, reported that the majority showed the
Mediterranean diet to be effective for weight reduction, although it should be noted that
eight studies demonstrated no effect. Part of this discrepancy may be due to research
design; interventional studies were more likely to show a positive effect than cohort or
cross-sectional data, leading to the conclusion that implementing a Mediterranean diet as
an intervention in overweight subjects was consistently effective, especially with
durations of two years or longer. Difficulties with a universal definition of a
Mediterranean diet may also have contributed to the inconsistent findings from cohort
and cross-sectional literature, particularly when assessed in non-Mediterranean countries
where inclusion of foods such as olive oil and legumes may have differed. Given that no
studies have found the Mediterranean diet to be harmful or to promote weight gain, it
seems likely that a protective effect exists.210
Consistent with the finding that the Mediterranean diet induces weight loss more
effectively in overweight or obese subjects, two large meta-analyses have concluded that
Mediterranean-type diets are effective for weight loss in type 2 diabetic patients. 207,209
These meta-analyses were of randomized controlled trials (RCTs) that compared
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Mediterranean diets with control diets. When compared with low-fat diets, another metaanalysis found that the Mediterranean diet was modestly superior for weight loss in
overweight participants after two years, with a mean difference of 2.2kg.208 Similarly, a
meta-analysis of 16 RCTs concluded that the Mediterranean diet was effective for weight
loss in participants with a range of comorbidities such as Type II diabetes, obesity and
coronary artery disease. Overall the Mediterranean diet led to an overall mean reduction
in bodyweight of 1.75kg, but produced a more clinically relevant reduction of 3.88kg if
applied with caloric restriction, or 4.01kg when combined with exercise.206
There are several aspects of the Mediterranean diet that are considered to be likely to lead
to favourable weight outcomes. For example, the high fibre content, low energy density,
low glycaemic load improve satiety, and higher proportions of monounsaturated fats
have all been shown to favourably influence glucose metabolism and fat oxidation,
leading to the weight benefits observed.206,210
1.7.3.2 Adherence to Mediterranean diets
The Mediterranean Diet, by definition, originated not as a dietary intervention, but a
pattern of eating historically utilised by the populations living in the Mediterranean
countries. Given that this way of eating has been practised by many millions of people,
it seems that adequate adherence to this diet should be feasible.
Assessment of adherence in both population and intervention studies has often been
undertaken using a Mediterranean Diet Score (MDS). This scoring system was developed
in 1995, based on inclusion of traditional foods consumed by elderly rural Greek
people.211,212 Variations on the MDS are widely used in the literature, and have been
shown to consistently correlate with health outcomes.213-215 Despite this, the MDS has
been criticized, suggesting that approximating the Mediterranean diet by merely
measuring consumption of different food types does not represent other relevant aspects
such as regional differences in olive oils, methods of food preparation, timing of meals
and alcohol consumption, proportions of refined grain consumption, vitamin D exposure
and the effect of siestas.216
Population adherence to a traditional Mediterranean diet in modern times is now likely
to be lower. It has been shown that adherence to traditional diets in Mediterranean
countries has been decreasing over time, likely due to consumer pressures and
globalisation of food availability. Estimates of current levels of adherence to the
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Mediterranean style of eating in Italy are provided by a large cross-sectional study of
13262 subjects undertaken from 2005-2010. A mean MDS of 4.4 (out of a possible 9)
was calculated, although higher education and income levels were associated with
improved scores.217 Recent estimates of adherence in rural and urban Sicilian adults were
also found to be at a similar level, with a MedDietScore (a modified semi-quantitative
FFQ) of 27.2-27.8 out of 55. Younger adults were less likely to achieve a high adherence
score, indicating a shift away from traditional diets.218 This indicates that adherence to a
Mediterranean diet in free-living populations may now be more problematic, even in the
countries of origin, due to influences of marketing and availability of fresh traditional
foods.
However, long-term adherence to a Mediterranean diet intervention can be achieved, as
demonstrated in a two year RCT of 332 overweight middle-aged participants randomized
to a Mediterranean, low-carbohydrate or low-fat diet. High overall levels of adherence
were observed in this trial, with adherence to the Mediterranean diet estimated to be
85.3% at 24 months compared with 78.0% for the low carbohydrate option, and 90.4%
for the low-fat diet. The high levels of adherence may be due to the fact that this study
was conducted in one large single workplace, which likely improved the dietary
compliance. At two years the Mediterranean diet produced a superior weight loss of
4.4kg compared with 2.9kg for the low fat group, despite the slightly lower adherence
rates. Low carbohydrate diets resulted in slightly more weight loss (4.7kg) again, albeit
with lower adherence. It should be noted that both the low-fat and Mediterranean diets
used in this study were moderately calorie restricted, although the low carbohydrate diet
was not, which possibly impacted these findings.219 Calorie restriction does not appear
to have markedly impacted tolerability in this study, but may have enhanced weight loss.
Overall, this study provides some evidence that a Mediterranean dietary intervention can
result in good adherence and be effective for weight reduction.
1.7.3.3 Health Benefits of the Mediterranean diet
Substantial evidence now exists that a high quality diet can lead to rapid and significant
changes in health outcomes, particularly with respect to cardiovascular disease. The
Mediterranean diet is rich in components that influence the processes leading to
cardiovascular disease. Omega-3 fatty acids and polyphenols reduce inflammation and
affect the pathogenesis of atherosclerosis. Consumption of fatty fish has been shown to
decrease mortality by up to 29% following myocardial infarction, with this improvement
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in survival evident within months of dietary change.220 Addition of olive oil or nuts has
been shown to have a similar impact, decreasing rates of cardiovascular events by 30%
in the PREDIMED trial.221 As is seen with fatty fish, this benefit was observed within
three months, and occurred independently of weight loss.222,223
Sub-analysis of dietary patterns of 15482 patients within the very large global
STABILITY trial (a trial of darapladib, a selective inhibitor of lipoprotein-associated
phospholipase A2 for prevention of atherosclerosis) provide further evidence of the
efficacy of the Mediterranean diet in producing favourable health outcomes. Using food
frequency questionnaires to ascertain the individual’s consumption of foods consistent
with a Mediterranean type eating pattern, it was shown that increasing intake of these
types of foods significantly reduced the likelihood of an adverse cardiovascular event.
These foods were fruits, vegetables, fish, alcohol, dairy food and tofu/soybean.215
A recent large meta-analysis of 12 studies containing in total 1574299 subjects assessed
the health effects of adherence to the Mediterranean diet. A two point increase in MDS
was associated with a 9% decrease in rates of cardiovascular mortality, 6% reduction in
cancer incidence and mortality, decreased rates of Alzheimer’s and Parkinson’s disease
by 13% and all-cause mortality by 9%. This analysis provided excellent evidence that
the Mediterranean pattern of eating is likely to promote desirable health outcomes.224
Findings from large individual trials also demonstrate improvements in metabolic
indices, such as significantly decreased inflammation (hsCRP), improved adiponectin
levels and reduced fasting glucose in diabetic participants. Some favourable changes such
as improved insulin sensitivity have been observed even after no further weight is lost,
highlighting the health promoting effects of the diet occurring separately from weight
loss.219
1.7.3.4 Summary of the evidence for the Mediterranean Diet
Overall, there is an abundance of evidence supporting the Mediterranean diet as effective
for promoting beneficial health outcomes, and reasonably strong data that suggests
weight reduction may also be achieved. These benefits persist even in clinical
populations, with this dietary pattern having been demonstrated as more effective at
reducing mortality than statins or percutaneous stenting following myocardial
infarction.223,225
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1.7.4

Overall comparison of dietary approaches

In summary, it would appear there is unlikely to be one dietary approach that provides
consistently superior health outcomes. There is evidence for beneficial effects produced
by the Mediterranean diet, the Paleo diet and intermittent fasting. Nutr Res has
extensively examined a range of different diets and found them to be effective at least in
the short-term, but in essence, there is often more commonality than points of difference.
Key features include the inclusion of many plant foods that have undergone minimal
processing, and by limiting excess caloric intake. This was famously summarised by
journalist Michael Pollan as ‘eat food, not too much, mostly plants’. There is a consensus
that high intake of sugar, refined starches and highly processed ‘foods’ are likely to be
detrimental to health.21
1.7.5

Future Directions and aims

Abundant research into exercise and nutrition has conclusively demonstrated that
increasing physical activity and improving the quality of nutrition results in numerous
benefits. However, it is obvious that adherence to change in lifestyle behaviours remains
the key issue. It is most likely that any individual will find some approaches more suitable
than others, and a range of exercise options and diets encompassing healthy eating should
be on offer. Different paradigms seem to largely achieve similar endpoints, so as well as
further mechanistic studies, now it is perhaps the impact of the advice on offer that should
be examined.
Therefore, the aims of this thesis were to:
1) evaluate the uptake and performance of HIIT, and to ascertain whether preparticipation screening and medical assessment prior to vigorous exercise was of
benefit in this population
2) assess the effect of the exercise options (high-intensity interval training or current
recommendations) on weight loss, body composition, blood pressure, blood
markers, physical activity, aerobic fitness, and behavioural and psychosocial
indices at 12 months.
3) assess the effect of the dietary options (intermittent fasting, a modified Paleo diet
or a Mediterranean diet) on weight loss, body composition, blood pressure, blood
markers, and behavioural and psychosocial indices at 12 months.
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2

SWIFT study methods

The Support strategies for Whole-food diets, Intermittent Fasting and Training (SWIFT)
study was a 12-month clinical trial examining different ways of supporting adults with
overweight and obesity to lose weight (control, regular brief consults, daily self-weighing
with feedback, use of diet apps, and hunger training). As part of the trial and in order to
reflect real life, participants were able to choose one of three dietary approaches
(intermittent fasting, a modified Paleolithic diet or a Mediterranean diet), and one of two
exercise approaches (conventional exercise recommendations or high-intensity interval
training, see Figure 2.1). The SWIFT study was approved by the University of Otago
Human Ethics Committee (H14/024). The study was registered with the Australian New
Zealand Clinical Trials Registry (ACTRN12615000010594), and informed written
consent was obtained from all participants.
Figure 2.1

Overview of the SWIFT study design
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2.1

Recruitment

Potential overweight adult participants were recruited by advertisement and word of
mouth, initially completing an online questionnaire assessing potential eligibility (Figure
2.2).
Figure 2.2

Screening and baseline assessment protocol for SWIFT participants
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2.1.1 Initial screening
The online screening questionnaire confirmed that participants were likely to meet the
study criteria. Participants were required to be healthy, with a reported BMI of greater
than 27kg/m3, aged 18 years or older, lived locally and had access to the internet or a
smartphone. Excluded were women who were planning a pregnancy, currently pregnant
or breastfeeding, as well as any people with serious health conditions.
In order to ensure safety during unsupervised HIIT, the online screening questionnaire
also excluded participants who were categorized as at high risk of experiencing a cardiac
event during intense exercise (as per ACSM guidelines in 2014).137 This included all
applicants with any cardiovascular disease other than mild hypertension, or those with
Type 1 or 2 diabetes mellitus. Exclusions were also applied to subjects with inflammatory
and endocrine conditions, malignancies, as well as musculoskeletal conditions if
sufficiently severe to prevent exercise participation (Figure 2.2). However, as this study
was intended to be representative of a real-world population, common and mild disorders
such as stage one hypertension, non-medicated dysglycaemia, hyperlipidemia,
depression, anxiety, hay fever and well-controlled asthma were permitted.
To minimize the cardiac risks theoretically associated with HIIT, the online
questionnaire identified any participants with symptoms of possible undiagnosed
cardiovascular disease, as per ACSM guidelines,137 (Figure 2.2). All potential
participants who reported symptoms, or who had potentially acceptable pre-existing
conditions were individually contacted and medically reviewed for eligibility, and
excluded if cardiovascular disease was deemed possible. If necessary, excluded
participants were directed to their general practitioner for further assessment and
management.
Medication use reported by participants was individually assessed by medically trained
staff.
Permitted medications are listed in Table 2.1. Common long-term medications such as
selective serotonin reuptake inhibitors, antihistamines, inhaled asthma medications,
paracetamol, and statins were all permitted. Participants were excluded if they were
taking any other medications, because this indicated underlying disease, or could
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influence weight outcomes or inflammatory markers, or could increase the likelihood of
an arrhythmia during HIIT performance. Non-permitted medications included tricyclic
antidepressants, long term steroid use, non-steroidal anti-inflammatory medications, and
all medications that were being used to treat hypertension or cardiac conditions.
Participants were also excluded if they required oral hypoglycaemic agents such as
metformin for glycemic control. Subjects prescribed endocrine replacement therapy such
as testosterone or thyroxine were not included due to the impact of these hormones on
body composition, however long-term hormonal medications for female participants
requiring contraception or for menopause-related issues were allowed, as long as they
reported being at a stable weight once established on the medication.
Table 2.1. Permitted Medications for Study Participants
Medication types
Hormonal contraception

Hormone Replacement
Therapy

Statins
Anti-histamines

Inhaled asthma
medication

Selective serotonin
reuptake inhibitors
Paracetamol

Classes/types permitted
Combined oral contraceptive
Progesterone only
contraceptive
Progesterone implants or IUDs
Depo Provera
Combined
oestrogen/progesterone
preparations
Any statin; e.g. atorvastatin,
simvastatin
Cetirazine, loratadine

Inhaled corticosteroids; e.g.
beclamethasone, fluticasone
Short-acting beta agonists; eg.
salbutamol
Any selective serotonin
reuptake inhibitor; e.g.
fluoxetine, paroxetine

Comments
If weight stable and for
long-term use.

If weight stable and
remaining on
medication for duration
of study
If already established
and no diagnosis of IHD
Non-sedating
antihistamines
commonly used for hayfever in New Zealand,
with minimal risk of QT
prolongation
Asthma required to be
well-controlled

If weight stable and for
long-term use
If used for intermittent
analgesia
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2.1.2 Physical screening
Once deemed eligible by the online screening questionnaire, an initial physical screening
appointment allowed research staff to confirm eligibility. Duplicate measures of height,
weight and blood pressure were obtained using standard techniques to confirm that BMI
was ≥ 27 kg/m2. Participants were asked to fast for 12 hours prior to this appointment,
and a fingerpick blood glucose test was performed using a portable glucometer to check
for undiagnosed diabetes. At this point further exclusions were applied if fasting blood
glucose was found to be in excess of 7mmol/L, if BMI was less than 27, or if systolic
blood pressure was greater than 160mmHg, or diastolic blood pressure exceeded
100mmHg, in which case the participant would likely require further medical assessment
and management. Eligible participants then proceeded to baseline measurements.

2.2

Baseline measurements

A comprehensive baseline assessment was undertaken involving height, weight, waist
circumference, body composition (DXA), blood pressure, dietary intake, aerobic fitness,
physical activity levels and questionnaires (see section 2.9).

2.3

Intervention choice and randomization to support strategy

Following baseline assessments, participants were given a brief information sheet
outlining the diet and exercise options for the study, which they were also able to discuss
with research staff. After a period of 5-7 days, participants then chose their preferred diet
and exercise approach, and were subsequently randomised to a support strategy.
Randomisation was performed using sequentially numbered opaque sealed envelopes
prepared by the statistician, and was stratified by sex and random length blocks.
Participants then received their exercise, diet and support strategy interventions, with
participants who opted for HIIT receiving further medical assessment as detailed in
section 2.5 (see Figure 2.3).
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Figure 2.3 Pre-participation safety screening for HIIT participants
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2.4

Exercise safety screening

Both exercise options consisted of unsupervised exercise programmes following a single
intervention session in order to replicate exercise recommendations in the real world.
Because the HIIT option comprised unsupervised vigorous activity, further assessment
of the medical status of participants was necessary to minimise cardiac risk. As
previously described, all participants in the study were initially screened for
cardiovascular disease, diabetes or symptoms prior to inclusion, as detailed in Figure 2.3
Participants who chose to undertake HIIT were then stratified into categories of low or
moderate risk of a cardiac event during exercise (as per ASCM guidelines in 2014)137
then underwent an individual medical assessment by medically trained staff. Those who
were classified as being at moderate risk also received a focussed examination to ensure
there were no signs of unrecognised cardiovascular disease or any other serious medical
issues (Figure 2.3). If necessary, further reviews by family physicians or cardiologists
were requested if any undiagnosed cardiovascular or ischaemic heart disease was
suspected.

2.5

Exercise Interventions

2.5.1 High Intensity Interval Training (HIIT)
Participants who opted to undertake HIIT then received an initial training session that
lasted for up to 60 minutes. HIIT is considered to be a demanding form of exercise, and
could be difficult to achieve particularly for non-athletic individuals, so the purpose of
the initial training session was to familiarise participants with the performance of exercise
at high intensity. To achieve this, maximal or near-maximal intervals were performed
under supervision on a cycle ergometer. This session required participants to attempt
three 20-30 second intervals, performed at an intensity that was perceived to be ‘very
hard’, or at a level of 8 or greater on a 10-point Rating of Perceived Exertion (RPE) scale.
Heart rate monitors (Polar RC3/RCX GPS) were also used to evaluate exercise intensity,
with participants expected to exceed at least 80% of their estimated maximum heart rate
(using the widely-accepted formula of 220-age).1 Because of the short duration of these
intervals, heart rate monitoring was used merely to provide some additional evidence of
exercise intensity; exceeding the heart rate thresholds was only expected at the latter
stages of the session. In most cases participants were encouraged to attain maximal
intervals by achieving an RPE of 10, and to exceed 90%HRmax. Maximal effort intervals
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are known to be unpalatable for most people, so the initial training session was intended
to encourage and support participants to be able to undertake this form of exercise.
However, familiarity with exercise and baseline aerobic fitness was variable and often
poor, so participants with very low aerobic fitness performed a modified version of the
supervised HIIT protocol, utilising sub-maximal intervals (with an aim of an RPE of 8);
this was necessary for safety and to improve initial tolerability.
Verbal and written instructions were provided for these participants, outlining how HIIT
could be undertaken independently (Appendix A). Various modalities were described,
including home-based circuit-type exercises, sprinting, hill or stair-walking, cycling, and
exercise machines. Participants could choose to do HIIT using any form of activity as
long as it was “exercise that uses most of your body and is very hard to do within
seconds.” A range of evidence-based protocols were suggested.84,91,93,103 A reduced
intensity option was recommended for inexperienced and unfit participants, which
required 10-20 second HIIT intervals performed at an RPE of 8-9, for up to 3-5
repetitions. Also outlined was the standard ‘Wingate’ type HIIT in which at least three
repetitions of 30 second maximal intervals were undertaken. Other HIIT protocols could
be chosen, such as a single 4-minute interval at the highest intensity that could be
maintained, or alternatively 5-10 one-minute intervals attaining an RPE of 8. For all HIIT
protocols, the rest periods between intervals were intended to allow participants to feel
sufficiently recovered to engage with further high intensity attempts. Rest periods could
involve complete rest or light activity, and it was recommended they could be up to
approximately three minutes in duration. As the trial was intended to test how HIIT could
be undertaken independently in the real world, participants could also opt for commercial
HIIT classes, app-based HIIT training, or to engage in sprint-based high-intensity sports.
Any form of exercise that led to a sufficiently intense RPE (8 or greater) and was intervalbased was considered to be a variety of ‘real-world’ HIIT. It was explained that
undertaking exercise other than HIIT was not expected, however, in keeping with the
free-living nature of the trial, it was not explicitly restricted. It was recommended that
HIIT sessions should be undertaken three times per week, and as tolerated, participants
should increase the number or intensity of intervals to progress the training over the 12
month study. Thrice weekly HIIT was considered optimal for adaptation and recovery,
and it was not advised to increase the exercise load by undertaking more frequent
sessions.
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2.5.2 Current exercise recommendations
Participants who opted for the current New Zealand (NZ) exercise guidelines option
attended a 10-20 minute intervention with research staff and were directed to perform “at
least 30 minutes of moderate intensity physical activity on most if not all days of the
week.” To do so, options such as brisk walking, cycling, exercise classes or heavy
gardening were recommended. Written guidelines were also provided to these
participants in the form of a brochure produced by the NZ Ministry of Health on healthy
activity for adults. Vigorous forms of activity or interval training was not described or
emphasised to this group.

2.6

Diet Interventions

All participants received a single education session of 30 minutes duration in which they
received information on their chosen diet from study staff. Brochures for their specific
diet were provided, with instructions on how to implement their selected eating pattern,
suggested food choices and recipes. A further resource was provided to every participant
outlining general behavioural strategies for weight loss, with advice on problem solving,
stress reduction and dealing with negative emotions and stimulus control (Appendix B).
Portion control was also discussed.
2.6.1 Intermittent fasting
For those choosing to undertake intermittent fasting, a 5:2 protocol was recommended in
which participants could choose any two days each week (not necessarily consecutive)
in which they restricted their overall energy intake to approximately 25% of their usual
requirements. For females, this was a daily limit of 2MJ of energy and for males 2.5MJ
was allowed. On fasting days, participants could choose to consume their limited energy
allowance over any number of meals, choosing the type of food desired, but it was
suggested to choose energy-sparse foods such as vegetables with protein to improve
satiety. On non-fasting days, participants were advised to consume their usual diet,
although it was recommended that participants try to eat a usual healthy diet. A pamphlet
was supplied to participants that outlined the protocol for 5:2 intermittent fasting,
provided calorie counted recipes and energy contents of common foods (Appendix C).
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2.6.2

Paleo diet

The modified Paleo diet was intended to be a flexible and pragmatic version that
encompassed the original hunter-gather philosophy while allowing greater flexibility and
choice of food types in an effort to encourage compliance. Rather than complete
elimination of all grain, dairy or legume based foods, this modified version suggested
limiting servings of grains or legumes to one or fewer each day, which in practice could
be low-glycaemic options such as a serving of wholegrain porridge or hummus. Fruit,
vegetables, nuts, eggs and animal proteins could be consumed as desired, with no limits
on red meat consumption specifically, although a moderate protein intake was
recommended. One daily serving of potatoes and or starchy tubers could be included,
and fermented full-fat dairy products were permitted. Replacement of processed
vegetable oils with olive or avocado oil was suggested, although use of coconut oil or
butter for cooking was also allowed. Processed or sugary foods were not part of this diet,
and it was recommended that dried fruit be limited. A brochure describing food choices
and with recipes was provided (Appendix D).
2.6.3

Mediterranean diet

Those who opted for the Mediterranean diet were advised to consume a diet containing
plenty of fresh vegetables, wholegrain cereals and fruit. Moderate amounts of lean
protein were recommended, with seafood suggested as a good source and red meat
consumption limited to twice weekly. Up to 30g daily of raw nuts and the use of olive
oil were encouraged, along with reduced-fat dairy products if tolerated. Legumes were
also included. Portion sizes and proportions of food types were outlined, but calorie
restriction was not necessary, although limiting highly processed or sugary foods was
recommended. Written guidelines and recipes were also provided (Appendix E).

2.7

Support strategy intervention groups

Details of the support strategy interventions are provided only briefly here to provide
context, but further details are available in the protocol1 and outcomes2 papers.
2.7.1

Control

Participants assigned to the control group received the initial diet and exercise
interventions as previously described, but received no other ongoing support throughout
the trial. Contact with research staff was for outcome assessments only.
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2.7.2 Regular brief support
These participants met with research staff monthly for a 10 minute consultation during
which participants had their bodyweight measured and the opportunity to discuss their
progress with a researcher. General advice and encouragement was given in order to
provide support for the lifestyle changes.
2.7.3 MyFitnessPal app use
In this group, participants received an initial intervention in which they were taught to
use the mobile phone or computer based-app to monitor their dietary intake. It was
requested that participants in this group recorded their intake daily for the first month,
then for one week each month for the remainder of the study.
2.7.4 Daily weighing
Participants randomised to daily weighing were supplied with bathroom scales, and
directed to weigh themselves each day at the same time, in light clothing and without
shoes. They were then asked to either text their weight to study staff or to enter it onto a
secure online database each day. In this group, participants received a monthly
personalised email providing feedback on progress and encouraging adherence.
2.7.5 Hunger training
In this group, participants received an initial 4-week intervention in which they used
portable glucometers to self-check blood glucose levels to correlate these with their
experience of hunger using a 100mm visual analogue scale. These participants were
asked to wait until blood glucose was below an individualised threshold before eating. 8
For the remainder of the study, hunger-training participants were asked to repeat the
blood glucose based monitoring of hunger for one week each month.

2.8

Outcome assessments

2.8.1 Anthropometry and Body Composition
A fixed stadiometer was used to measure height (Heightronic, QuickMedical, Issaquah,
WA), and weight was assessed using electronic scales (Tanita BC-418, Tanita Corp.,
Tokyo, Japan), with participants in light clothing and without shoes. Waist circumference
was taken at the narrowest point between the inferior costal border and iliac crest using
a non-elastic tape, and an automated sphygmomanometer (Omron HEM-907 automated
sphygmomanometer, Omron Corp., Kyoto, Japan) was used to record systolic and
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diastolic blood pressure. Duplicate measures of anthropometric outcomes (except dual
energy x-ray absorptiometry [DXA]) were taken by research assistants blinded to
intervention or diet group allocation, with an additional measure taken if a greater than
1% difference was detected, in which case a median result was used. The assessment of
body composition was undertaken using DXA (GE Lunar Prodigy, GE Healthcare,
Madison WI, USA), with visceral fat volume estimated utilising the Lunar Encore
software CoreScan (Version 16, GE Healthcare, General Electric Company, Chicago,
IL).
2.8.2

Blood tests

Participants were instructed to fast overnight for 12 hours, then collection of venous
blood samples was performed by a registered nurse. Glycated haemoglobin (HbA1c)
levels in whole blood was determined by enzymatic methods on a Cobas Mira Plus
Analyzer (Roche Diagnostics, Indianapolis, IN). Concentrations of high-sensitivity Creactive protein (hsCRP) were ascertained using a CRP Unimate kit (Roche Diagnostics,
Basel, Switzerland). To determine concentrations of acylated ghrelin, blood samples
were collected in EDTA tubes containing protease inhibitors (BD P800, BD Biosciences,
San Jose, CA), and analysed via immunoassay (Human Gut Hormone Panel LINCOplex
Kit, LINCO Research, St Charles, MO). The levels of plasma total cholesterol (TC), HDL
cholesterol (HDL-C) and triglyceride (TG) concentrations were measured by enzymatic
methods using a Cobas Mira Plus Analyser (Roche Diagnostics, Basel, Switzerland), and
LDL cholesterol (LDL-C) levels were derived using the Friedewald formula.9
2.8.3

Dietary intake

Participants completed a weighed 3-day diet record. Participants were asked to choose
non-consecutive days, including one weekend day. Records where checked upon return
and any missing or unclear data clarified by telephone. Nutrient and energy intakes were
calculated using Kai-calculator (University of Otago, 2011).
2.8.4

Physical fitness and activity

Physical activity levels were evaluated by accelerometry. Participants were required to
wear Actigraph accelerometers (GT3X, ActiGraph, Pensacola, FL) around the waist for
24 hours per day for seven days to collect sleep and activity data. Data were analysed
using an automated programme226 developed in MATLAB (MathWorks, Natick, MA),
which used epochs of 15 seconds (to capture short durations of intense exercise such as
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HIIT) or 60 seconds (consistent with that used in international literature) to calculate time
spent performing moderate to vigorous physical activity (MVPA), as well as recording
total activity (counts per minute). Data on sleep for each participant for each day are
individually removed before calculation of moderate-to-vigorous physical activity
(awake hours only), defined as all activity 505 counts per 15 seconds.227
A modified YMCA sub-maximal exercise test on a cycle ergometer (Monark ergometer,
model 828E, Monark Exercise, Vansbro, Sweden) was undertaken to estimate aerobic
fitness (VO2peak).228 This submaximal protocol involved extrapolation using heart rates
at set workloads in order to predict the workload at the estimated maximal heart rate,
from which an estimated VO2peak could be calculated. A sub-maximal was chosen as most
suitable for an overweight population with generally low aerobic fitness. Maximal tests
of VO2max were not pragmatic in a trial of this size, and were unlikely to result in accurate
results due to fatigue, inexperience, and inadequate musculoskeletal conditioning.137,229
2.8.5 Questionnaires
Participants completed questionnaires on demographics, using the New Zealand census
questions (http://www.stats.govt.nz/Census) regarding age, sex, education level and
employment status, ethnicity, income and household structure. Other baseline data
collected included evaluation of personality using the ‘Big-Five’ ten-item inventory - this
provides scores for the widely accepted dimensions of personality of extraversion,
openness, conscientiousness, neuroticism and agreeableness.230 To assess resilience, the
ability to recover from stress, a brief resilience scale was employed,231 as well as a dieting
and weight history questionnaire to provide information on previous dieting and weight
loss experiences.232
At all time points, a validated measure of disordered eating, the Disordered Eating
Questionnaire (EDE-Q) was included to assess eating restraint and concerns about food
and body weight.233 Eating behaviour was evaluated using two well-established
questionnaires. The 21-item Intuitive Eating Scale (IES-2)234 provides an overall score
of the ability to eat in response to internal cues (Intuitive eating total score), and subscores relating to Unconditional permission to eat (willingness to eat when hungry and
refusal to label foods as forbidden), Eating for physical reasons (rather than emotional or
other reasons), Hunger and Satiety Cues (trust in their body’s cues), and Body-food
choice congruence (eat foods that are good for my body). The 33-item Dutch Eating
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Behaviour questionnaire (DEBQ)235 was used to provide measures of restrained (e.g. Do
you try to eat less at mealtimes than you would like to eat?), external (e.g. If food smells
and looks good do you eat more than usual?) and emotional (e.g. Do you have a desire
to eat when you are irritated?) eating. Psychological health was evaluated using the
Depression Anxiety Stress Scale (DASS21), which provides individual scores for
depression, anxiety and stress.236 Questions were also included on self-monitoring habits,
including whether participants opted to weigh themselves regularly or track their food
intake or physical activity, as well as questions on perceived enjoyment, benefits and
self-efficacy for healthy eating and physical activity.33
At 6 and 12 months, participants were asked to rate satisfaction with their chosen diet
approaches, adapted from a proposed Total Diet Score (http: //www.weightymatters.
ca/2015/03/the-diet-score-what-every-weight-loss.html). Participants rated the diet they
were following on a 10-point scale with regard to hunger, cravings, overall satisfaction,
easy of incorporation into their life, flexibility, affordability, and simplicity.
2.8.6

Assessment of Adherence

Accelerometery was used to assess whether those in both exercise groups were achieving
sufficient levels of moderate to vigorous physical activity (MVPA). Adherence to the
HIIT exercise protocols was evaluated more often, with heart-rate monitoring undertaken
in all HIIT participants at 0, 3, 6, 9 and 12 month time points. To assess adherence to
HIIT, participants were asked to record all HIIT sessions within a one-week period, so
the heart rate recordings provided evidence that the exercise was performed at an
adequately high intensity (>80%HRmax).
Measures of adherence to the diet and support strategies were also taken, further details
are outlined in the protocol paper.1

2.9

Statistical Analyses and Power Calculations

Relevant statistical information is outlined in the subsequent chapters. However, for the
primary analysis (the RCT of support strategies), the SWIFT study had 90% power using
a two-sided 5% level of significance to detect a 4kg weight change between any pairs of
groups containing 42 participants. This was based on a standard deviation at baseline of
15kg for weight, a correlation between repeat measures of r=0.90 from similar studies.
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With an estimated 15% attrition rate, recruitment of 250 participants was required with
50 per intervention group.
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3

High-intensity interval training in the real
world: a safe and popular exercise option for
overweight adults?

This chapter has been written as a complete paper. Therefore, there may be some
repetition between the introduction and methods sections in this chapter and the
literature review and methods chapters of the thesis.

3.1

Introduction

Although irrefutable evidence shows exercise improves health for almost all patients,62
adherence to physical activity guidelines remains poor. Emerging evidence demonstrates
that brief spurts of high-intensity exercise can produce comparable (and possibly greater)
health benefits as moderate exercise of longer duration.75,76,84,85,90,237 Thus, it has been
proposed that high intensity interval training (HIIT) – brief bursts of vigorous activity
interspersed with rest periods – could be recommended as a time-efficient and effective
alternative to standard exercise recommendations.82,86,238
However, prescribing high intensity exercise presents complex challenges for exercise
professionals who must encourage patients to exercise safely to obtain maximum health
benefits. Unaccustomed vigorous physical activity is associated with a small and
transient, yet significantly increased, risk of a cardiac event.239 To mitigate this risk,
current American College of Sports Medicine (ACSM) guidelines recommend that
unless healthy or habitually active, vigorous exercise should not be undertaken without
medical assessment.240 Consequently, in an increasingly obese, sedentary population, it
is likely that many people will require medical evaluation before starting HIIT. Although
some have argued that HIIT is not a suitable form of exercise for most people due to the
intensity of activity required,88 it is possible that the time-efficient nature of brief, but
intense exercise may make HIIT an attractive option. Similarly, infrequent vigorous
exercise is often performed by people who engage in occasional sporting activities, the
‘weekend warriors’.237 However, it has been argued that advising medical assessment
prior to exercise promotes unnecessary fear, provides a barrier to participation, and may
be ineffective at preventing adverse outcomes.241 As the overall risks of exercise are
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small and potential benefits great, a balanced approach to risk and benefit must be
considered.
It is clear that physicians have a responsibility to provide patients with advice from
evidence-based best practice. While a reasonable body of literature indicates HIIT could
produce considerable health benefits,89,90,104,242 virtually all studies have involved
supervised HIIT programmes in laboratory settings. As Gray et al.243 recently
highlighted, several issues remain in order to bridge the translational gap from the
laboratory to public health policy. Real-world effectiveness studies are required that trial
low-cost, accessible HIIT protocols over the long-term, including safety monitoring.243
We recently undertook a randomised controlled trial investigating the effectiveness of
different monitoring strategies on weight loss over 12 months (SWIFT).1 As part of the
intervention, overweight and obese participants could choose to undertake HIIT in a
‘real-world’

unsupervised

environment,

or

follow

conventional

exercise

recommendations, (moderate intensity exercise such as brisk walking). The aims of this
chapter were to i) assess whether overweight adults would choose to try HIIT, ii) evaluate
whether

HIIT

participants

differed

to

those

choosing

standard

exercise

recommendations, iii) evaluate cardiovascular risk status to illustrate how likely safety
concerns may be for participants choosing to undertake unsupervised HIIT and iv)
ascertain whether HIIT could be performed adequately by overweight adults in order to
be an effective exercise alternative.

3.2

Methods

The Support strategies for Whole-food diets, Intermittent Fasting and Training (SWIFT)
study was a 12-month randomised controlled trial (RCT) investigating whether the
addition of monitoring strategies (face-to-face contact, self-weighing, dietary monitoring
using an app, or monitoring of hunger) to dietary and exercise advice increased weight
loss over 12 months compared with the provision of advice alone.1,2 To simulate what
happens in the real world, participants were able to choose which dietary approach
(Mediterranean, Paleolithic, or Intermittent Fasting) or exercise option (unsupervised
HIIT or current exercise recommendations) they wished to undertake. SWIFT is
registered

with

the

Australian

New

Zealand

Clinical

Trials

Registry

(ACTRN12615000010594) and ethical approval was obtained from the University of
Otago Human Ethics Committee (H14/024). All participants provided written informed
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consent. As a protocol paper

1

and main outcome findings2 have been published, only

relevant details are provided briefly here.
3.2.1

Recruitment and initial screening

Healthy overweight adults were recruited by advertisement, with interested parties
directed to an online screening questionnaire. The questionnaire outlined eligibility
criteria (age 18+ years, self-reported body mass index (BMI) of ≥27 kg/m2, living locally
for the next two years) including a modified version of the American Heart
Association/American College of Sports Medicine (AHA/ACSM) health/fitness facility
pre-participation screening questionnaire137 to exclude those at high risk of a
cardiovascular event. Exclusion criteria were: type 1 or 2 diabetes, inflammatory
disorders, or any respiratory or musculoskeletal condition impeding ability to exercise,
and for women, being pregnant (or intending to be in the next year) or breastfeeding.
Participants with impaired glucose tolerance, unmedicated stage one hypertension,
hyperlipidaemia and controlled asthma were eligible. The screening questionnaire
identified major medical problems and medication use, which were reviewed
individually by medically trained researchers. Participants prescribed common
medications such as oral contraception, selective serotonin reuptake inhibitors, inhaled
asthma medications and statins were included, as the trial was intended to test the
intervention on a real-world population. For safety reasons, patients on medications for
hypertension or cardiac medications were automatically excluded, as were those on any
medications that could potentiate arrhythmias. Also excluded were those on medications
that would influence inflammatory markers or affect weight change.
3.2.2

Physical screening

Those deemed potentially eligible by questionnaire were invited to attend a physical
screening following an overnight fast. Duplicate measures of height (Heightronic,
QuickMedical, Issaquah, WA), weight (Tanita BC-418, Tanita Corp., Tokyo, Japan),
waist (non-elastic tape), and blood pressure (Omron HEM-907 automated
sphygmomanometer, Omron Corp., Kyoto, Japan) were obtained using standard
procedures by research assistants blinded to intervention or exercise group status. Fingerprick blood glucose was measured using portable glucometers. Participants were
excluded if measured BMI was less than 27, fasting blood glucose was greater than 7
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mmol/L (indicating possible type 2 diabetes), or systolic blood pressure was greater than
160 mmHg or diastolic blood pressure greater than 100 mmHg.
3.2.3 Exercise group and medical examination
Eligible participants who confirmed interest in participating then completed baseline
assessments (see section 3.2.4) before being randomised to an intervention group (see
protocol1 and main outcomes2 papers for further details). Participants chose to follow
current exercise recommendations or HIIT. Those selecting the current recommendations
option were instructed to perform “at least 30 minutes of moderate intensity physical
activity on most if not all days of the week.” Researchers spent 10-20 minutes discussing
with each individual how they could best meet this goal, typically using options such as
brisk walking, cycling and exercise classes.
For those opting to try HIIT, further medical assessment was undertaken to identify any
participants at higher risk of a cardiac event during exercise, in order to improve their
safety during unsupervised training. HIIT participants were stratified into low and
medium risk categories, as per ACSM/AHA guidelines in 2014.137 Medical examination
of moderate-risk subjects was undertaken by medical staff, and specialist cardiology
reviews were sought when required to ensure that participants did not have any
undiagnosed ischaemic heart disease.
HIIT participants then attended an initial 60-minute training session to demonstrate how
to perform HIIT independently. This session was performed on a cycle ergometer so that
subjects could experience near-maximal intervals. Participants performed three intervals
of up to 30 seconds in duration, and were encouraged to attain a Rating of Perceived
Exertion (RPE) of 8 or greater (10-point scale). Heart rate monitoring (Polar RC3/RCX
GPS, Polar Electro Oy, Kempele, Finland) ensured subjects achieved at least 80-90% of
their estimated maximum heart rate (using the widely-accepted formula of 220-age).137
Rest periods between HIIT intervals were up to approximately three minutes in duration,
and consisted of light activity.
3.2.4 Baseline assessments
Participants completed a baseline questionnaire assessing demographics (age, sex,
ethnicity, education, employment status using the New Zealand census questions),
personality using the ten-item personality inventory,230 which gives broad scores for the
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‘Big Five’ personality dimensions, resilience by the Brief Resilience scale,231 which
assesses the ability to bounce back and recover from stress, and perceived self-efficacy
and enjoyment of physical activity.33 Body composition was measured by dual energy xray absorptiometry (DXA, GE Lunar Prodigy, GE Healthcare, Madison, WI), with
visceral fat volume estimated using the Lunar Encore software CoreScan (Version 16,
GE Healthcare, General Electric Company, Chicago, IL). Total activity (counts per
minute) and time spent performing moderate to vigorous physical activity (MVPA) were
measured using Actigraph accelerometers (GT3X, ActiGraph, Pensacola, FL) worn 24hours a day for 7 days. Data were analysed using both 15 second (capture shorter bouts
of intense exercise) and 60 second (enable comparison with the international literature)
epochs. Data were analysed using an automated programme developed in MATLAB
(MathWorks, Natick, MA) which “removes” all sleep data, specific to each day and each
individual.226 Physical fitness was ascertained using a modified YMCA sub-maximal
cycle ergometer (Monark ergometer, model 828E, Monark Exercise, Vansbro, Sweden)
to estimate VO2peak.228 A submaximal test was chosen to be tolerable and safe for an
overweight and largely unfit population, as maximal testing in a trial of this size was not
pragmatic, nor likely to result in true peak values.137,229
3.2.5

Statistics

Independent t-tests or a chi squared test, as appropriate, were used to compare the
baseline characteristics for the HIIT and the current guideline groups.

3.3

Results

3.3.1

The importance of medical evaluation prior to HIIT

Of the 705 people who completed the online screening questionnaire, 217 (31%) were
automatically excluded because of pre-existing health conditions, symptoms or
unsuitable medications (Figure 3.1). A further 163 did not meet other study criteria
including BMI < 27 kg/m2 (n=116), lived outside locality (n=23), were pregnant or
intending to be (n=13), did not have internet access (n=4), or another person in the
household was already enrolled in the study (n=7).
There were 279 participants who met all study criteria, and were assessed at low or
moderate cardiovascular risk by the screening questionnaire. However, further physical
screening detected five participants with hypertension (stage two or greater), and six with
elevated fasting blood glucose in the diabetic range (>7.0mmol/L). Thus, screening by
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questionnaires alone missed 4% (95% CI: 2 to 7%) of people with evidence of chronic
disease in a group of apparently healthy overweight individuals.
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Figure 3.1

Flow of participants through the study
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Out of the 250 participants who chose to continue in the study (Figure 3.1), 104 (41.6%)
opted to try HIIT. A medical evaluation of these HIIT participants identified important
issues not detected by self-screening. Three participants were excluded from HIIT
participation due to concerns regarding their cardiovascular safety. Clinical examination
identified signs of likely cardiovascular disorders in two of these participants (a carotid
bruit and an aortic murmur), and one participant disclosed a significant family history of
early cardiac deaths, which led to her exclusion following the initial intervention. Three
participants required further medical investigation to evaluate their cardiovascular status
prior to undertaking HIIT. Although screening was designed to detect pre-existing
conditions, a history taken in person revealed that two of these participants had known
arrhythmias, and another participant had a resting tachycardia of unknown aetiology, all
requiring further assessment. Five other participants required medical attention from their
primary care physician for unrelated issues; these comprised an atypical pneumonia that
required treatment prior to commencing HIIT, and issues such as possible
hypothyroidism and alcohol misuse disorder.
Thus, of the 104 participants who chose to undertake HIIT, 6/104 (5.8%) had potentially
undiagnosed cardiovascular disorders, and 11/104 (10.6%) required further medical
assessment or management. However, considering that a further 11 of the participants
who were excluded by physical screening would have been eligible to choose HIIT, up
to 22/115 (19.1%) of potential HIIT participants had medical issues that required
evaluation, representing almost one in five overweight but ‘apparently healthy’
individuals.
Throughout the SWIFT study, participants were asked to report any new medical issues
or injuries that could influence their exercise programmes. Nine participants developed
emergent medical issues that required management and influenced their safety while
performing HIIT. These included a new diagnosis of angina, a brainstem cerebrovascular
accident, breast cancer, a head tumour requiring surgery, chronic pain syndrome,
hypothyroidism, Bell’s Palsy, burns, and an unexpected pregnancy. Another participant
required an exercise stress test during the trial. Injury data was not specifically collected
but measures of HIIT adherence were taken at three-monthly intervals throughout the
trial, and at these times, 11 participants spontaneously reported being unable to complete
HIIT due to new musculoskeletal problems including knee, ankle or back injuries,
injuries to quadriceps, plantar fasciitis, tibiofibular joint damage, non-specific hip pain,
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and patellofemoral syndrome. Further questioning clarified that none of these injuries
were sustained during HIIT activity, but three of these participants (plantar fasciitis, ankle
injury and hip pain) noted that the HIIT exacerbated the problem. A foot fracture was the
only medical issue reported as a direct consequence of HIIT performance.
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Table 3.1 Baseline characteristics of participants choosing HIIT or current
recommendations
HIIT

Current

Pa

recommendations
n (%)

n (%)

Mean (SD)b

Mean (SD)b

n

104 (41.6%)

146 (58.4%)

Female n (%)

59 (56.7%)

96 (65.8%)

0.15

Age (years)

43.5 (10.2)

43.9 (11.5)

0.76

School only

19 (18.3%)

30 (20.6%)

0.06

Post secondary

19 (18.3%)

44 (30.1%)

University

66 (63.5%)

72 (49.3%)

NZEOc

92 (88.5%)

128 (87.7%)

Maori

7 (6.7%)

11 (7.5%)

Pacific

4 (3.9%)

3 (2.1%)

Asian

1 (1.0%)

4 (2.7%)

Full-time

76 (73.1%)

101 (69.2%)

Part-time

21 (20.2%)

30 (20.6%)

Not employed

6 (5.8%)

7 (4.8%)

Not stated

1 (1.0%)

8 (5.5%)

Weight (kg)

96.2 (15.5)

95.7 (16.7)

0.84

Height (cm)

170.9 (9.9)

169.8 (9.2)

0.35

Body

32.9 (4.2)

33.1 (4.5)

0.67

Waist (cm)

101.4 (12.7)

101.5 (12.4)

0.96

Percentage

39.2 (7.3)

40.6 (7.5)

0.15

1495 (1009)

1434 (903)

0.62

Systolic blood pressure (mm Hg)

124.1 (15.6)

123.9 (15.4)

0.90

Diastolic blood pressure (mm Hg)

78.8 (10.1)

78.4 (9.9)

0.72

Estimated VO2max (ml/kg/min)

28.6 (6.1)

28.5 (6.9)

0.88

Education

Ethnicity

Employment

mass

0.63

0.30

index (kg/m2)

body fat (%)
Visceral

fat

(cm3)
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Physical

(counts per minute)

327 (96)

333 (120)

0.70

Sedentary

600 (77)

584 (90)

0.17

MVPA (mins/day)e

51 (32)

50 (33)

0.72

MVPA (mins/day)d

36 (31)

36 (32)

0.94

77.9

68.4

0.11

Perceived benefits of physical activityf

12.3 (2.1)

12.7 (2.1)

0.09

Enjoyment of physical activityg

19.8 (6.3)

19.6 (6.1)

0.80

Self-efficacy for physical activityh

15.5 (4.7)

15.1 (4.6)

0.51

Encouragement of physical activityi

5.2 (2.0)

5.6 (2.2)

0.10

Personalityj

Extraversion

4.9 (0.9)

4.7 (0.9)

0.02

Agreeableness

5.2 (1.1)

4.9 (1.1)

0.03

Conscientiousness

5.2 (1.2)

5.1 (1.1)

0.54

Emotional stability

5.0 (1.4)

4.8 (1.3)

0.19

Open to experiences

5.3 (1.0)

5.1 (1.0)

0.06

3.5 (0.8)

3.5 (0.8)

0.86

activity
minutes/dayd

% meeting MVPA guidelinesd

Resilience
scorek
a

Comparison between HIIT and current recommendations group analysed using chisquared (categorical variables) or independent t-test (continuous variables) analyses as
appropriate.
b
Data presented as mean (SD) unless otherwise indicated.
c
New Zealand European and Others.
d
Using 60 second epochs
e
Using 15 second epochs
From total possible scores of f16, g42, h25, and i10.
Using a j7-point or k5-point scale.
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Table 3.2
n

HIIT participants achieving adequate1 intensity during baseline supervised session
Participants who did

Participants with

Participants not

Participants achieving

Participants

not receive HIIT

invalid data

achieving adequate

80%HRmax

achieving

intervention
104
1

2 (1.9%)

intensity
2 (1.9%)

12 (11.5%)

Adequate defined as attaining heart rates of or above 80% of estimated HRmax during HIIT session

90%HRmax
88 (84.6%)

41 (39.4%)

84

3.3.2 The popularity of HIIT as an alternative to standard exercise
recommendations
Table 3.1 shows that the 104 participants (41.6%) who chose to try HIIT did not differ
from those choosing the more conventional exercise recommendations in terms of
demographics, BMI, body composition, aerobic fitness or physical activity levels at
baseline. Similarly, the differences in attitudes to physical activity including perceived
benefits, reported enjoyment, or self-efficacy for participation were not statistically
different. Both groups viewed exercise as beneficial (mean scores of 12.3-12.7 out of a
possible score of 16), although ratings of enjoyment were somewhat lower (scores of
19.6-19.8 out of 42). The only significant differences observed between participants at
baseline were in terms of two personality indices, with the HIIT cohort showing
significantly higher scores for agreeableness (p=0.02) and extraversion (p=0.03) than the
current recommendations group.
3.3.3

Feasibility of HIIT for untrained overweight participants

All 102 eligible HIIT participants completed the initial supervised HIIT training session
after medical assessment. Sufficiently intense intervals (with heart rates exceeding 80%
HRmax) were achieved by 88 participants (86.2%) with 41 (40.2%) exceeding 90% HRmax
(Table 3.2). Most participants who were unable to attain adequate intensity were
primarily limited by leg fatigue specific to the cycling modality. There were no serious
adverse events during initial training, although light-headedness and mild nausea were
occasionally reported.

3.4

Discussion

Our study shows that HIIT has moderate uptake by overweight adults attempting to lose
weight, and should be considered a fairly safe and well-accepted intervention. However,
our results also indicate that medical evaluation prior to undertaking high intensity
exercise is advisable.87 While a large proportion of potential participants were excluded
by the screening questionnaire, which reflects the reality of exercise prescription in an
increasingly obese demographic, it was clear that screening questionnaires alone were
not sufficient to identify those requiring further assessment. In our study, up to 19.1% of
participants who were classified as eligible by the screening questionnaire required
medical assessment prior to commencing HIIT training.
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Within this group of predominantly untrained, overweight adults with relatively low
aerobic fitness, 42% of participants opted for HIIT rather than the more conventional
daily moderate intensity exercise. It has previously been contended that HIIT cannot be
considered a viable public health strategy, partly because the adoption of challenging
forms of exercise by a wide range of people seemed unlikely.88 Our results would seem
to challenge this view; we observed that HIIT was popular, at least initially within this
overweight population. Interestingly, those who chose to try HIIT were not more
physically active or aerobically fit at baseline, nor did they differ in demographic
characteristics from participants who did not choose HIIT. In fact, the only observable
difference at baseline were higher personality scores for agreeableness and extraversion
in HIIT compared with standard exercise participants. We speculate that these differences
reflect a greater willingness to try more novel interventions in our HIIT participants.
While it appears that no other studies have allowed self-selection of HIIT compared with
conventional exercise to assess the potential acceptability of this alternative approach,
previous work has shown that non-athletes can both enjoy and would opt for HIIT as a
potential exercise choice.244,245 Our findings suggest that HIIT is perceived as an equally
acceptable exercise option for overweight adults.
HIIT has also been criticised as being unlikely to be useful for non-athletic individuals,
who would be unable to tolerate the intense nature of HIIT, and thus could not perform
it adequately.246 However, our findings demonstrate that the majority of participants
proved able to perform HIIT at an adequate intensity (greater than 80%HR max) under
supervision. In this study, the performance of adequately intense HIIT was limited for
those participants who were unfamiliar with cycling, who were affected by leg symptoms
rather than by cardiovascular capacity, indicating that HIIT can be undertaken
successfully regardless of physical activity status. How such participants perform HIIT
when not supervised, and their long-term adherence to unsupervised HIIT prescription is
presented in the next chapter.
Strengths of this study include the large sample size compared to most HIIT
trials.80,81,84,85 All HIIT participants underwent an individualised medical evaluation,
which provided a consistent and realistic representation of the health status of potential
HIIT participants in the real-world setting. A limitation of this study is that participants
were not randomized to exercise interventions, however this was intended to more
closely represent the free-living environment. Because differences were not evident
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between exercise groups at baseline, it seems reasonable to compare outcomes between
exercise groups. However, because our participants were not randomized, it is possible
that some unmeasured characteristics influenced participants to choose HIIT, and could
impact on outcomes. It could also be argued that 80%HRmax is not a sufficiently high
threshold for physiological adaptions, as much of the HIIT literature has utilised higher
targets. This threshold was chosen as most feasible for the overweight and unfit
population, and reflects current ACSM guidelines.247

3.5

Conclusion

Given the levels of obesity and physical inactivity in the general population, exercise
recommendations are of utmost importance to improve health for almost all people.
Outcomes from SWIFT have provided evidence that HIIT is likely to be undertaken by
a large proportion of overweight people who are representative of much of the
population. However, increasing rates of diabetes, cardiovascular and other obesityrelated diseases mean that risk assessment prior to vigorous exercise has become more
important. Medical evaluation prior to HIIT appears essential to minimize the possibility
of harm, and for most overweight but otherwise healthy people this can be done by
excluding the possibility of occult cardiovascular disease or other serious conditions. The
brief medical evaluation utilized in this study proved valuable and garnered important
information, allowing HIIT participation to be undertaken safely.
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4

High-intensity interval training in the real
world: outcomes from a 12 month
intervention in overweight adults

This chapter has been written as a complete paper. Therefore, there may be some
repetition between the introduction and methods sections in this chapter and the
literature review and methods chapters of this thesis.

4.1

Introduction

Current public health guidelines recommend at least 30 minutes of daily exercise of
moderate intensity (such as walking, cycling, or gardening).248 However, studies
consistently show poor adherence to guidelines,71 with lack of time often cited as a major
barrier.67 An alternative approach is high intensity interval training (HIIT), defined as
“brief, intermittent bursts of vigorous activity, interspersed by periods of rest or lowintensity exercise”.77 A proposed major advantage of HIIT is that it takes considerably
less time than more conventional moderate-intensity exercise options to obtain
comparable health benefits.89 Even very small amounts of intense exercise (as little as 510 minutes per day or 30 minutes undertaken once weekly) improve health outcomes 75
and reduce mortality risk.76,237 A number of meta-analyses have now demonstrated that
laboratory–based HIIT is at least as effective as standard continuous training for
improving aerobic fitness (VO2max)80,81,84,85,90 and important clinical indicators such as
blood pressure, glucose handling and visceral fat.77,104,109
However, whether HIIT works in the real world is currently unknown88,246 as virtually
all trials to date have been conducted in laboratory settings over less than 6 months.80,84,85
Although concerns have been raised regarding the safety of unsupervised HIIT in terms
of cardiovascular events and injury risk,87 others argue that such concerns are unfounded,
indicating that HIIT can be more enjoyable than conventional exercise, 127 promote
greater adherence,131 and be safe even in clinical populations.134 Certainly, longer-term
outcomes from unsupervised HIIT have been evaluated in cardiac patients, who show
improvements in aerobic fitness for periods up to 12 months.140,141 However, given their
motivation to adhere should theoretically be higher than the general population, it
remains important to examine the feasibility of unsupervised HIIT in non-clinical
88

groups.3 If proven to work, such evidence will contribute to public health
recommendations indicating that HIIT is a viable alternative to conventional moderateintensity exercise. Therefore, the aims of this chapter were to i) determine whether
overweight individuals would participate in unsupervised HIIT on a regular basis over a
12-month period, ii) assess whether an unsupervised HIIT programme influences body
composition, physical activity and health more than conventional moderate-intensity
exercise recommendations.

4.2

Methods

The Support strategies for Whole-food diets, Intermittent Fasting and Training (SWIFT)
study was a 12-month randomised controlled trial (RCT) investigating whether the
addition of monitoring strategies (face to face contact, self-weighing, dietary monitoring
using an app, or monitoring of hunger) to dietary and exercise advice increased weight
loss over 12 months compared with the provision of advice alone.1,2 SWIFT is registered
with the Australian New Zealand Clinical Trials Registry (ACTRN12615000010594)
and ethical approval was obtained from the University of Otago Human Ethics
Committee (H14/024). All participants provided written informed consent. As a protocol
paper1 and main outcome findings2 have been published, only relevant details are
provided briefly here.
4.2.1

Participants

Participants were recruited by advertisement and screened using an online questionnaire
followed by an initial face-to-face screening visit. Eligible participants were aged 18+
years, had a body mass index (BMI) of ≥27 kg/m2, and no history or symptoms of
cardiovascular disease or ongoing serious medical issues. Exclusion criteria were; type 1
or 2 diabetes, inflammatory disorders, or any respiratory or musculoskeletal condition
impeding ability to exercise. Women who were pregnant or breastfeeding were also
excluded.
4.2.2

Intervention

Following baseline assessments (see section 4.3), eligible participants were able to
choose whether to follow current exercise recommendations or HIIT. Both were
unsupervised exercise programmes following a single intervention/training session.
Those selecting the current New Zealand (NZ) guidelines option were instructed to
perform “at least 30 minutes of moderate intensity physical activity on most if not all
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days of the week.” Researchers spent approximately 10-20 minutes discussing with each
individual how they could best meet this goal, typically using options such as brisk
walking, cycling and exercise classes. A widely available brochure produced by the NZ
Ministry of Health was provided and high intensity exercise was not emphasised. Those
choosing to try HIIT attended an initial 60-minute training session, performed on a cycle
ergometer so that participants could experience near-maximal intervals. Participants
performed three intervals of up to 30 seconds in duration, and were encouraged to attain
a Rating of Perceived Exertion (RPE) of 8 or greater (10-point scale). Heart rate
monitoring (Polar RC3/RCX GPS, Polar Electro Oy, Kempele, Finland) was used to
ensure participants achieved at least 80-90% of their estimated maximum heart rate
(using the widely-accepted formula of 220-age).137 While most participants attempted
maximal intervals, fitness levels varied greatly, so modification of this protocol to use
sub-maximal but still high intensity intervals was occasionally necessary for tolerability
and safety reasons for participants who were severely deconditioned. HIIT participants
were provided with verbal and written instructions describing HIIT options for ongoing
unsupervised training, including home-based exercises, sprinting, hill-walking, cycling,
and exercise machines. Subjects were instructed that HIIT activities should be “exercise
that uses most of your body and is very hard to do within seconds” and could choose
from a variety of evidence-based protocols.81,83,89,91,93,94,103 For unfit and inexperienced
participants, we recommended 10-20 second HIIT intervals performed at an RPE of 8-9,
with 3-5 repetitions. Once adapted, subjects were encouraged to progress to more
difficult options such as a standard ‘Wingate’ type HIIT protocol of 3 repetitions of 30
second maximal intervals, 5-10 one-minute intervals at a RPE of 8, or a single 4-minute
interval at the highest intensity that could be maintained. For all HIIT protocols, the rest
periods between intervals could involve complete rest or light activity, and it was
recommended they were up to approximately three minutes in duration. Participants were
instructed to perform 3 HIIT sessions per week and in order to be consistent with the
‘real-world’ nature of the trial, subjects could attend commercial HIIT classes or engage
in sprint-based sports. Essentially, any exercise activity that was interval-based and led
participants to experience a RPE of 8 or greater could be included. In order to capture a
realistic measure of exercise habits, HIIT participants were not explicitly restricted from
other forms of exercise, however it was emphasised that HIIT training alone was
considered sufficient. Participants were advised to increase the number or intensity of
intervals performed over the 12 month period.
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4.2.3

Outcome assessments

All outcome measurements were obtained at 0, 6 and 12 months (unless noted differently)
by trained assessors blinded to support intervention and exercise group. Height, weight
(primary outcome), waist circumference, and blood pressure were obtained in duplicate
using standard protocols.1 Body composition was measured by dual energy x-ray
absorptiometry (DXA) at 0 and 12 months only (GE Lunar Prodigy, GE Healthcare,
Madison WI, USA). Visceral fat volume was estimated using the Lunar Encore software
CoreScan (Version 16, GE Healthcare). A fasted venous blood sample was obtained by
a registered nurse; plasma total cholesterol (TC), HDL cholesterol (HDL-C) and
triglyceride (TG) levels were measured by enzymatic methods using a Cobas Mira Plus
Analyser, and LDL cholesterol (LDL-C) concentrations were derived using the Frielwald
formula.249 High-sensitivity CRP was measured using a CRP Unimate kit (Roche
Diagnostics) and glycated haemoglobin (HbA1c) by enzymatic methods on a Cobas Mira
Plus Analyzer (Roche Diagnostics, Indianapolis, Indiana). Active ghrelin levels were
assessed via immunoassay (Human Gut Hormone Panel LINCOplex Kit, LINCO
Research, St Charles, MO). Total activity (counts per minute) and time spent performing
moderate to vigorous physical activity (MVPA) were measured with all participants
wearing an Actigraph accelerometer (GT3X, ActiGraph, Pensacola, FL) for 7 days. Data
were analysed using both 15 second (to capture shorter bouts of intense exercise) and 60
second (to enable comparison with the international literature) epochs. Data were
analysed using an automated programme developed in MATLAB (MathWorks, Natick,
MA, USA) which “removes” all sleep data, specific to each day and each
individual.226MVPA was measured using unweighted minutes for vigorous activity.
Physical fitness was ascertained using a modified YMCA sub-maximal cycle ergometer
(Monark ergometer, model 828E, Sweden) to estimate VO2peak.228 A submaximal test was
used for this overweight and largely unfit population, as maximal testing in a trial of this
size was not pragmatic, nor likely to result in true peak values.137,229 Information on
demographics (age, sex, ethnicity, education, employment status) and personality (tenitem personality inventory)230 was obtained at baseline. At each time point, participants
completed questionnaires assessing perceived self-efficacy and enjoyment of physical
activity.33
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4.2.4 Adherence to HIIT
Additional measures of adherence to HIIT were recorded using Polar RC3/RCX GPS
heart rate monitors (Polar Electro Oy, Kempele, Finland) worn during all unsupervised
HIIT sessions over one week at 0, 3, 6, 9 and 12 months. Within each HIIT session, heart
rate was recorded continuously, providing measures of maximum heart rate, and the
duration of time exceeding pre-defined thresholds of 80% and 90% of the predicted
maximum heart rate (HRmax), (calculated from 220-age). Heart rate data were
subsequently

uploaded

and

analysed

using

Polar

online

software

(polarpersonaltrainer.com).
4.2.5 Statistical analysis
Mixed models, with a random effect for participant, adjusting for age, sex, the support
group to which the participants were randomised, and the relevant baseline variables
were used to analyse the data. No adjustments were made for multiple comparisons. For
those outcomes that were not collected at 6 months, linear regression was used, adjusting
for age, sex and baseline to estimate differences between the exercise groups. The
adjustment for age and sex was to correct for any confounding due to these variables.
The results are presented as differences (95% confidence intervals) between groups.
A subsequent analysis, limited to those choosing HIIT, used similar methods to compare
participants with different levels of adherence to HIIT. Full adherence was defined a
priori as providing at least two recordings of adequate HIIT sessions at three or more of
the three-monthly reviews. Partial adherence was defined as providing only one
recording of an adequate HIIT session at three or more of the review periods, and nonadherence was defined as less HIIT data than these amounts. All analyses were performed
using Stata 13.1 or a later version (StataCorp, College Station, TX, USA).

4.3

Results

All 102 eligible HIIT participants completed the initial supervised HIIT training session
where sufficiently intense intervals (heart rates exceeded 80% HRmax) were achieved by
88 participants (86.2%) with 41 (40.2%) exceeding 90% HRmax (see section 3.3.3 and
Table 3.2).
Table 4.1 shows the number of unsupervised HIIT sessions achieved using heart rate
monitoring at 0, 3, 6, 9 and 12 months. The Polar heart rate monitors utilised were simple
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to operate and participants were given written instructions and fully trained in their use.
If any heart rate monitor malfunction was reported, participants were given additional
opportunities to record their sessions. It was deemed unlikely that participants would
have undertaken additional unplanned HIIT sessions (without the heart rate monitors), so
the participants who did not provide data were presumed unable to have successfully
achieved independent HIIT sessions. The proportion of these participants providing no
HIIT data increased from 18 (17.6%) at baseline to 73 (71.6%) at 12 months. Those
undertaking HIIT completed 1-3 sessions per week, with up to 9 participants completing
4 or more sessions a week at each time-point. HIIT participants spent 21-24 minutes a
week in total exceeding 80% HRmax, of which approximately 9 minutes was above the
90% HRmax threshold (Table 4.2). Participants recorded a variety of HIIT modalities,
including using hills, stairs, running, exercise equipment such as bikes, elliptical trainers,
and rowing machines, as well as home-based circuit type exercises such as burpees and
star jumps. A few participants recorded taking part in commercial gym, online or appbased HIIT workouts, as well as some high-intensity sport-based training such as futsal
or squash (data not shown). All of these activities produced exercise of adequate (≥80%
HRmax) intensity as indicated by Table 4.2
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Table 4.1

Unsupervised adherence to HIIT over 12 monthsa

Time point

a

Did not provide HIIT data

Did not achieve HIIT

Number of adequateb HIIT sessions achieved/week

n (%)

n (%)

n (%)
1

2

3

4

5+

Baseline unsupervised

18 (17.6)

1 (1)

21 (20.6)

21 (20.6)

32 (30.8)

4 (3.9)

5 (4.9)

3 months

45 (44.1)

1 (1)

15 (14.7)

14 (13.7)

22 (21.6)

5 (4.9)

0

6 months

61 (59.8)

1 (1)

10 (9.8)

13 (12.7)

10 (9.8)

5 (4.9)

2 (2.0)

9 months

65 (63.7)

2 (2.0)

12 (11.8)

10 (9.8)

10 (9.8)

2 (2.0)

1 (1)

12 months

73 (71.6)

0

9 (8.8)

9 (8.8)

10 (9.8)

1 (1)

0

Assessed out of 102 participants who received the initial HIIT intervention
Adequate defined as attaining heart rates at or above 80% of estimated HRmax during HIIT session

b
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Table 4.2

Duration of exercise above threshold recorded during HIIT sessions by participants providing recordingsa
Time spent above threshold during HIIT

Timepoint

a

n

Time above 80%

Time above 90%

Total time above 80%

Total time above 90%

HRmax/session (min)

HRmax/session (min)

HRmax /week (min)

HRmax /week (min)

Baseline unsupervised

83

8.5 (9.9)

3.4 (6.4)

22.7 (31.3)

9.2 (19.0)

3 months

56

10.9 (11.1)

4.3 (6.3)

24.7 (27.9)

9.6 (14.3)

6 months

40

10.8 (11.6)

4.0 (6.9)

24.7 (25.0)

9.2 (15.9)

9 months

35

13.3 (25.5)

5.7 (19.7)

23.8 (33.0)

8.8 (23.8)

12 months

29

10.6 (10.9)

4.6 (7.5)

21.3 (25.4)

9.5 (18.4)

Average times (standard deviations), calculated excluding exercise sessions that did not attain required intensity for HIIT
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Table 4.3 illustrates the differences in outcomes according to exercise programme for all
the participants who remained in the trial, regardless of adherence to either exercise
protocol. Retention was 70% in the HIIT cohort and 67% in the current recommendations
group at 12 months. No significant group differences were observed in weight, body fat
or blood pressure at 6 or 12 months. Despite recommendations for duration and intensity
of exercise being markedly different between the groups, estimated VO2peak and physical
activity were similar at 12 months. Both groups achieved 32-52 minutes of MVPA/day
and self-efficacy for exercise remained unchanged throughout the trial in both groups.
However, at both 6 and 12 months, enjoyment of physical activity was approximately 1
SD higher in HIIT compared with the current recommendations group (difference in
scores, 95% CI: 2.5, 0.6 to 4.3).
Given the relatively poor adherence to HIIT long-term, a further analysis was undertaken
to ascertain how adherence affected outcomes. Based on the a priori adherence
categories, 24 participants (23.1%) were considered fully adherent, 17 (16.3%) were
partially adherent, with the majority (n=63, 60.6%) not meeting adherence criteria. Table
4.4 shows that fully adherent participants were more likely to be male (p=0.03) and leaner
(p= 0.03), but they did not differ in terms of age, BMI, physical activity or aerobic fitness
at baseline from non-adherent participants.
However, differences in outcomes were apparent (Table 4.5). At 12 months, weight (2.7kg, 95% CI: -5.2, -0.2), waist circumference (-2.4cm, -4.7, -0.2), visceral fat volume
(-292cm3, -483, -101) and HbA1c (-0.9mmol/mol, -1.7, 0.0) were significantly lower in
fully adherent compared with non-adherent participants. Interestingly, while self-efficacy
for physical activity was also higher (2.5, 0.7 to 4.3), enjoyment of physical activity was
lower in fully adherent participants (-2.2, -4.4 to 0.0). By contrast, adherence was not
associated with differences in blood pressure, total body fat, or aerobic fitness, although
partially adherent participants were less physically active than non-adherent participants
(Table 4.5).
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Table 4.3 Body composition, exercise, and fitness outcomes for those choosing HIIT compared with current recommendations
Variable

HIITa

Month

Current

Difference (95% CI)c

p

Recommendationsb

Weight (kg)

Body fat (%)
Visceral fat volume (cm3)

Waist circumference (cm)

Systolic blood pressure (mm Hg)

Diastolic blood pressure (mm Hg)

97

n

Mean (SD)

n

Mean (SD)

0

88

96.2 (15.7)

121

95.5 (16.1)

6

85

92.1 (14.5)

119

93.0 (16.5)

-0.56 (-2.2 to 1.1)

0.50

12

73

92.7 (14.7)

98

92.9 (18.0)

-0.44 (-2.5 to 1.6)

0.68

0

68

38.1 (7.0)

96

40.0 (7.7)

12

68

36.1 (8.2)

96

38.6 (8.6)

-0.3 (-1.5 to 0.8)

0.57

0

69

1579 (1045)

94

1473 (917)

12

69

1308 (910)

94

1311 (904)

-103 (-256 to 49)

0.18

0

88

101.3 (13.1)

121

101.6 (12.0)

6

85

97.2 (11.5)

119

98.4 (11.1)

-0.3 (-1.9 to 1.2)

0.67

12

73

98.2 (12.2)

98

98.6 (12.1)

0.3 (-1.4 to 2.0)

0.71

0

88

123.6 (15.6)

120

125.2 (15.0)

6

85

121.9 (13.8)

118

123.4 (14.9)

-0.5 (-3.4 to 2.5)

0.76

12

73

119.8 (13.8)

98

120.8 (13.9)

-0.3 (-3.0 to 2.4)

0.81

0

88

78.4 (10.1)

120

79.0 (9.9)

6

85

76.8 (9.7)

118

77.0 (10.2)

0.2 (-1.8 to 2.2)

0.84

12

73

75.6 (9.4)

98

76.2 (10.2)

-0.4 (-2.5 to 1.7)

0.71

Estimated VO2peak (ml/kg/min)

Counts per minute

Sedentary time (minutes/day)d

MVPA(minutes/day)e

MVPA (minutes/day)d

Self-efficacy for physical activityf

Enjoyment of physical activityg

98

0

76

29.1 (6.6)

106

28.9 (7.3)

6

70

30.1 (6.4)

97

29.7 (6.5)

0.2 (-1.1 to 1.5)

0.76

12

63

28.9 (5.4)

90

28.6 (6.5)

0.0 (-1.3 to 1.2)

0.95

0

71

331 (93)

108

343 (124)

6

68

319 (102)

102

327 (124)

-1 (-27 to 24)

0.91

12

56

360 (136)

78

348 (126)

12 (-26 to 49)

0.54

0

68

594 (80)

105

587 (90)

6

65

589 (69)

99

574 (78)

12 (-7 to 31)

0.21

12

54

543 (82)

77

556 (78)

-14 (-41 to 12)

0.29

0

71

50 (19)

108

50 (23)

6

68

44 (20)

102

46 (23)

-1 (-6 to 3)

0.57

12

56

52 (27)

78

50 (23)

1 (-6 to 8)

0.86

0

68

35 (18)

105

36 (21)

6

65

32 (18)

99

34 (20)

-1 (-6 to 3)

0.58

12

54

37 (24)

77

38 (22)

0 (-6 to 6)

0.98

0

87

15.5 (4.3)

121

15.2 (4.6)

6

84

14.2 (4.9)

119

14.8 (4.5)

-0.8 (-1.9 to 0.3)

0.16

12

72

14.8 (5.1)

98

15.3 (4.7)

-0.5 (-1.9 to 0.8)

0.45

0

87

19.3 (5.7)

121

19.5 (6.2)

6

84

20.7 (6.3)

118

19.0 (5.9)

2.1 (0.6 to 3.6)

0.01

HbA1c (mmol/mol)

hs-CRP (mg/L)

Total cholesterol (mmol/L)

LDL cholesterol (mmol/L)

Triglycerides (mmol/L)

HDL cholesterol (mmol/L)

Ghrelin (pg/mL)
a

12

72

20.6 (6.3)

98

18.4 (5.3)

0

66

33.5 (3.1)

96

33.6 (2.6)

12

66

33.0 (3.0)

96

33.2 (2.7)

0

66

2.4 (3.3)

96

2.6 (2.9)

12

66

2.5 (4.1)

96

2.4 (2.7)

0

66

5.5 (1.0)

96

5.4 (0.9)

12

66

5.2 (1.0)

96

5.3 (1.0)

0

66

3.6 (1.0)

96

3.4 (0.8)

12

66

3.4 (0.9)

96

3.4 (0.9)

0

66

1.4 (0.5)

96

1.3 (0.6)

12

66

1.2 (0.5)

96

1.3 (0.6)

0

66

1.3 (0.3)

96

1.3 (0.4)

12

66

1.3 (0.3)

96

1.4 (0.4)

0

66

49.1 (20.4)

95

45.8 (13.8)

12

66

49.0 (19.3)

95

49.7 (16.7)

2.5 (0.6 to 4.3)

0.01

-0.2 (-0.6 to 0.3)

0.48

0.6 (-0.1 to 1.2)

0.11

-0.2 (-0.4 to 0.0)

0.03

-0.1 (-0.3 to 0.1)

0.19

-0.1 (-0.3 to 0.0)

0.13

0.0 (-0.1 to 0.0)

0.11

-0.5 (-6.3 to 5.3)

0.87

99

HIIT participants advised to complete 3 sessions each week of high intensity intervals, resulting in RPE of 8 or greater, with overall exercise
durations of 5-25 minutes per session.
b
Participants choosing current recommendations advised to undertake at least 30 minutes per day of moderate intensity exercise on 5 or more
days of the week.
c
Difference (95% CI) between HIIT relative to current recommendations analysed by mixed effects regression analysis and adjusted for age, sex
and intervention group
d
Using 60 second epochs

e

Using 15 second epochs
From a possible score of 25
g
From a possible score of 42
f
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Table 4.4

Baseline characteristics of adherent, partially adherent and non-adherent HIIT participants

Variable

a

N

24 (23%)

17 (16%)

63 (61%)

Female Sex n (%)

8 (33%)

11 (65%)

40 (64%)

0.03

Age (years)

46.4 (10.9)

42.1 (7.6)

42.8 (10.5)

0.27

BMI (kg/m2)

32.9 (4.5)

34.0 (4.9)

32.5 (3.9)

0.44

Estimated VO2peak (ml/kg/min)

29.3 (7.6)

28.0 (4.7)

28.6 (5.9)

0.10

Body fat DXA (%)d

37.3 (7.5)

42.3 (6.4)

39.1 (7.2)

0.03

Visceral fat (cm3) d

1790 (1263)

1419 (761)

1403 (953)

0.94

MVPA (minutes/day)e

39.3 (21.4)

30.0 (11.1)

34.0 (19.3)

0.30

Personality: extraversionf

4.9 (1.0)

4.8 (0.8)

5.0 (0.9)

0.72

Personality: conscientiousnessf

5.5 (1.3)

4.8 (1.1)

5.2 (1.2)

0.14

Adherent

b

Partially adherent

c

Non-adherent

Pg

Data expressed as n (%) or mean (SD) as appropriate.
Adherence categories defined as aat least 2 adequate HIIT sessions were recorded at 3+/5 of the 3-monthly reviews, bat least 1 adequate HIIT
session recorded at 3/5 of the 3-monthly reviews, cless than these amounts, includes 2 participants who did not receive intervention at baseline
d
Adjusted for age and sex
e
Using 60 second epochs, data missing for 1, 2, and 6 participants respectively
f
using a 7-point scale
g
Differences analysed using linear regression
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Table 4.5

Effect of HIIT adherence over 12 months

Variable

Weight (kg)

Waist circumference (cm)

Body fat (%)

Visceral fat (cm3)

Systolic blood pressure
(mm Hg)

Diastolic blood pressure
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(mm Hg)

Adherencea

Month 0

Month 12

Difference (95% CI)b

P

n

Mean (SD)

n

Mean (SD)

Non

47

95.2 (16.3)

33

93.1 (16.0)

Partial

17

95.0 (14.5)

16

90.6 (12.7)

-1.2 (-3.8 to 1.5)

0.38

Full

24

99.1 (15.4)

24

93.6 (14.4)

-2.7 (-5.2 to -0.2)

0.04

Non

47

100.0 (13.4)

33

98.0 (13.0)

Partial

17

102.8 (11.7)

16

98.5 (8.2)

-1.0 (-3.9 to 1.9)

0.51

Full

24

102.9 (13.7)

24

98.3 (13.5)

-2.4 (-4.7 to -0.2)

0.04

Non

28

36.7 (6.6)

28

34.9 (8.0)

Partial

16

41.8 (6.2)

16

40.7 (7.4)

0.5 (-1.8 to 2.7)

0.67

Full

24

37.3 (7.5)

24

34.3 (8.2)

-1.3 (-3.2 to 0.6)

0.16

Non

29

1506 (976)

29

1352 (998)

Partial

16

1393 (778)

16

1235 (590)

-22 (-244 to 200)

0.85

Full

24

1790 (1263)

24

1305 (1001)

-292 (-483 to -101)

0.01

Non

47

124.3 (16.8)

33

121.8 (14.4)

Partial

17

119.1 (12.0)

16

115.0 (13.9)

1.0 (-3.8 to 5.8)

0.68

Full

24

125.3 (15.5)

24

120.1 (12.8)

-1.7 (-5.8 to 2.3)

0.40

Non

47

78.7 (11.4)

33

77.1 (9.1)

Partial

17

75.6 (8.4)

16

73.8 (7.2)

-1.2 (-5.1 to 2.8)

0.57

Estimated VO2peak
(ml/kg/min)

Counts per minute

MVPA (minutes/day)c

MVPA (minutes/day)d

Sedentary time

Full

24

79.7 (8.3)

24

74.8 (11.1)

-2.0 (-5.5 to 1.5)

0.27

Non

35

29.5 (6.7)

25

28.8 (5.0)

Partial

17

28.0 (4.7)

15

26.5 (3.2)

-1.6 (-3.5 to 0.3)

0.10

Full

24

29.2 (7.6)

23

30.5 (6.5)

1.3 (-0.3 to 2.9)

0.11

Non

33

328 (82)

20

368 (138)

Partial

15

302 (64)

14

330 (101)

-40 (-75 to -5)

0.03

Full

23

355 (119)

22

373 (156)

-26 (-63 to 10)

0.16

Non

30

34 (18)

18

39 (24)

Partial

15

30 (11)

14

31 (17)

-9 (-15 to -3)

0.01

Full

23

39 (21)

22

40 (28)

-5 (-11 to 1)

0.09

Non

33

50 (18)

20

54 (28)

Partial

15

42 (13)

14

46 (21)

-7 (-14 to -0.1)

0.05

Full

23

54 (22)

22

54 (29)

-6 (-13 to 1)

0.10

Non

30

599 (71)

18

555 (83)

Partial

15

586 (99)

14

540 (78)

1 (-32 to 34)

0.97

Full

23

594 (80)

22

536 (87)

-5 (-35 to 25)

0.74

Non

46

15.3 (4.3)

32

14.4 (5.1)

Partial

17

14.5 (4.7)

16

12.9 (4.5)

-0.3 (-2.5 to 1.9)

0.82

(minutes/day)c

Self-efficacy for physical
activitye
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Enjoyment of physical
activityf

HbA1c (mmol/mol)

hs-CRP (mg/L)

Total cholesterol (mmol/L)

LDL cholesterol (mmol/L)

Triglycerides (mmol/L)

Full

24

16.7 (3.7)

24

16.5 (5.2)
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2.5 (0.7 to 4.3)

0.01

Non

46

19.6 (6.3)

32

20.8 (6.8)

Partial

17

20.1 (4.2)

16

22.3 (6.4)

2.1 (-0.2 to 4.4)

0.07

Full

24

18.3 (5.4)

24

19.3 (5.6)

-2.2 (-4.4 to 0.0)

0.05

Non

27

32.3 (2.1)

27

32.4 (2.6)

Partial

16

33.7 (4.0)

16

32.9 (3.5)

-0.8 (-1.7 to 0.1)

0.08

Full

23

34.8 (2.9)

23

33.9 (3.0)

-0.9 (-1.7 to 0.0)

0.04

Non

27

1.7 (1.8)

27

1.7 (1.6)

Partial

16

4.3 (5.7)

16

4.6 (7.7)

0.1 (-1.2 to 1.3)

0.91

Full

23

1.7 (1.5)

23

2.1 (1.7)

0.3 (-0.7 to 1.4)

0.51

Non

27

5.7 (1.1)

27

5.2 (1.0)

Partial

16

5.4 (0.8)

16

5.2 (0.7)

0.2 (-0.2 to 0.6)

0.29

Full

23

5.4 (1.0)

23

5.3 (1.1)

0.3 (0.0 to 0.7)

0.08

Non

27

3.7 (1.0)

27

3.4 (1.0)

Partial

16

3.5 (0.8)

16

3.4 (0.7)

0.2 (-0.1 to 0.5)

0.24

Full

23

3.5 (1.0)

23

3.4 (1.0)

0.2 (-0.1 to 0.5)

0.27

Non

27

1.5 (0.6)

27

1.3 (0.5)

Partial

16

1.4 (0.5)

16

1.2 (0.4)

-0.1 (-0.3 to 0.2)

0.70

Full

23

1.3 (0.5)

23

1.2 (0.5)

0.0 (0.2 to 0.3)

0.94

HDL cholesterol (mmol/L)

Acylated ghrelin (pg/mL)

a

Non

27

1.3 (0.3)

27

1.3 (0.4)

Partial

16

1.2 (0.4)

16

1.2 (0.4)

0.0 (-0.1 to 0.2)

0.38

Full

23

1.3 (0.3)

23

1.3 (0.3)

0.1 (0.0 to 0.2)

0.05

Non

27

49.5 (18.7)

27

51.4 (19.7)

Partial

16

47.0 (25.2)

16

43.4 (11.0)

-9.2 (-21.9 to 3.4)

0.15

Full

23

50.2 (19.6)

23

49.9 (23.0)

-1.2 (-12.3 to 9.9)

0.83

Adherence categories defined as full adherence (at least 2 adequate HIIT sessions were recorded at 3+/5 of the 3-monthly reviews), partial
adherence (at least 1 adequate HIIT session recorded at 3/5 of the 3-monthly reviews), or non-adherence (less than these amounts)
b
Difference (95% CI) between adherence groups (partial or full relative to non-adherent) analysed by mixed effects regression analysis and
adjusted for age, sex, and intervention group using both 6 and 12 month data
c
Using 60 second epochs
d
Using 15 second epochs
e
From a possible score of 25
f
From a possible score of 42
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4.4 Discussion
Our study illustrates that HIIT was chosen by a large number of overweight individuals,
who were able to perform it effectively and independently using a variety of modalities.
However, without supervision, adherence declined rapidly over 12 months, although
participants maintained similar levels of physical activity overall compared with those
following standard exercise guidelines. Opting for three-weekly HIIT as an alternative to
30 minutes of daily moderate intensity exercise did not result in meaningful differences
in any health outcomes at 12 months, probably due to poor adherence in the real world
setting by the majority of participants. However, significant decreases in weight and
visceral fat were achieved by a relatively small group of participants who were adherent
to the HIIT protocol.
Although it has been argued that overweight non-athletic individuals would be unlikely
to try HIIT,71,88 42% of participants in this study opted to perform HIIT as an alternative
to daily moderate intensity exercise, as detailed in chapter 3. It has been contended that
overweight or obese people would be unable to successfully perform high intensity
exercise without support.71 The results of this study suggest this may be partially true.
While the majority of HIIT participants (81%) completed at least one unsupervised and
adequately intense HIIT session at baseline, much smaller numbers met our participation
targets of at least twice per week, particularly over the longer term. Thus, it appears that
HIIT can be effectively undertaken by most overweight and obese people with minimal
training, but that long-term adherence remains a significant challenge.
In this study, the adherence of the participants choosing to undertake daily moderate
intensity continuous exercise could not be directly compared to the adherence of the HIIT
group, as it was necessary to measure exercise performance using different methods.
Adequate execution of HIIT was best established using heart-rate monitoring to ascertain
that sufficient intensity was achieved, because accelerometery may not effectively
capture non-ambulatory intense activity, such as stationary cycling. In contrast, for
participants opting for usual forms of exercise, accelerometery provided the best means
of evaluating physical activity levels. However, it is well established that adherence to
any structured exercise programme is poor, especially for those with obesity.68,70,134 This
study has demonstrated that if HIIT is advised but not supported, the majority of
overweight participants will not remain adherent at 12 months. While previous studies
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have suggested that HIIT is considered enjoyable and even preferred in supervised
environments,127 our findings support other work indicating that in free-living
environments, poor adherence leads to more modest health benefits.139 It is important to
note that our HIIT participants did not become not less physically active than those
choosing to follow more traditional exercise regimes. A number of existing trials have
concluded that supervised HIIT can lead to improvements in fitness, body composition
and blood indices.80,81,84,85,90 In contrast, this study demonstrates that a single HIIT
intervention without ongoing support did not lead to clinically significant changes in
these outcomes over 12 months, most likely due to inadequate adherence. Only those
who were adherent to the protocol (23%) showed the meaningful improvements in weight
and visceral fat that have typically been shown in the laboratory setting.82,109
The strengths of our study include its ‘real-world’ design, in a large number of
participants, and over a longer time frame than has typically occurred in HIIT research.
We also used DXA to measure body composition, and collected habitual physical activity
data by accelerometery, with objective assessment of HIIT participation by heart rate
monitoring. Our study also has some limitations. In order to best represent free-living
conditions, participants were allowed to choose their exercise programme. While we
observed very few differences in our exercise groups at baseline, it is possible that
differences existed in variables we did not measure. Attrition was relatively high at
31.6%,2 although this is not unusual for lifestyle interventions. Small changes in aerobic
fitness may not have been detected due to the use of submaximal estimation of VO2peak,
which was the safest and most pragmatic test for this population, but inherently less
accurate than maximal oxygen uptake testing.228,250 It is possible that adherence to HIIT
was overestimated by our use of one week of HIIT recordings every 3 months, as some
participants may have undertaken a HIIT session only when provided with a heart rate
monitor. However, alternative options such as daily records over the full 12-month in a
sample of this size were not feasible. Allowing our participants to undertake a wide
variety of HIIT protocols is important for real world utilisation, but does not allow any
mechanistic interpretations or delineation of more “successful” protocols.

4.5

Conclusion

Our study indicates that HIIT may be a tolerable and safe alternative to daily moderate
intensity exercise for people who are overweight or obese, although it is unlikely to lead
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to differences in important health outcomes for all who attempt it. However, those
participants who do adhere to a HIIT regime experience important health benefits,
indicating that HIIT can be included as a suitable exercise option. Further work to
determine how best to improve long-term adherence in the real world may lead to HIIT
being a viable public health strategy to improve health outcomes.
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5 Alternative dietary approaches for weight
loss and health
This chapter has been written as a complete paper. Therefore, there may be some
repetition between the introduction and methods sections in this chapter and the
literature review and methods chapters of this thesis.

5.1

Introduction

With obesity and metabolic dysfunction driving many of the leading causes of modern
disease, there is a need for simple, sustainable and safe dietary approaches that are
effective for weight control and promote favourable metabolic outcomes. Current
nutrition recommendations generally emphasise reduced consumption of energy dense
and heavily processed food (particularly sugar); these guidelines are well supported by
evidence and should lead to weight loss and improved health outcomes. 21,26 One such
well-accepted approach to healthy eating is the Mediterranean diet, which is typically a
plant-based, whole-grain diet rich in olive oil, nuts and fish, and has been consistently
shown to be beneficial for health205,224 and weight loss.206,209
However, with obesity and diabetes rates still rising in many countries, it is clear that
adherence to dietary guidelines remains an issue. In modern food environments,
adherence to traditional fresh food diets has become more difficult,218 so it has been
suggested that offering alternative approaches may be of benefit. Novel dietary
interventions such as intermittent fasting and Paleolithic or ‘Paleo’-type diets are
increasingly popular, but currently there is limited evidence of their efficacy.
Intermittent fasting, which is defined as periodic and temporary restriction of energy
intake, has been shown in controlled trials to lead to similar weight loss and metabolic
improvements as continuous energy restriction.160-163 It has been suggested that longterm adherence to intermittent fasting may be easier than daily restriction of energy
intake, as there is not a requirement to constantly alter existing eating patterns.
Intermittent fasting can be implemented in a variety of ways; these include time-restricted
feeding, alternate day fasting, or a 5:2 approach when people limit energy intake on two
days a week. It has been demonstrated that all of these forms of fasting can be effective
for weight loss, body fat reduction and improvements in metabolic markers,160-163 but the
majority of studies have been short-term with small numbers of participants. Long-term
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studies have been rare, and outcomes appear more modest.164 Questions remain over the
acceptability and adherence to fasting, as trials typically report high attrition rates,165 with
participants reporting adverse effects174 and often opting not to continue with fasting
long-term.164
Paleo diets, popular in mainstream media, are based on the premise that humans have not
yet fully genetically adapted to foods resulting from modern agriculture and industry,
and that humans experience better health outcomes on diets that are closer to those eaten
by hunter-gatherer societies. In practice, Paleo diets generally exclude grain-based foods,
dairy products and legumes, with an emphasis on whole-foods and animal proteins.
Research into the efficacy of these diets in the modern environment has been very
limited.177 A small number of randomised trials demonstrate superior outcomes from
Paleo diets in terms of weight and fat loss and metabolic improvements,191,192,195,197 but
these have required very restricted diets, eliminating whole food groups and often also
limiting starchy vegetables. Again, most trials have been short-term, limited by small
numbers of participants.
There is likely to be more than one pattern of healthy eating, and it is known that that a
variety of diets can be effective for weight loss. However, to successfully maintain
weight loss long-term, it is adherence to dietary change rather than the type of diet that
appears to be most important.24,25 Dietary approaches have typically been evaluated using
randomised controlled trials which provide the most accurate comparison of diets while
minimising for potential confounding factors. However, they do not accurately reflect
real-world outcomes in which people will choose an eating pattern that they prefer, and
hence may adhere more successfully because of this. There is limited literature outlining
the impact of choice on adherence. While it seems intuitive that adherence would be
improved by allowing autonomy over dietary choices, there is conflicting evidence for
this.31,32,251 Regardless, it is obvious that implementation of dietary recommendations by
the general population does involve choices made by individuals. If alternative dietary
recommendations are to be made, then the evidence must demonstrate that these diets
would be voluntarily selected by a meaningful proportion of the population, and that it is
possible for people to adhere to them long-term without ongoing supervision.
It is currently unknown if recommending intermittent fasting and Paleo diets results in
meaningful changes in body composition, visceral fat reduction, or improved metabolic
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markers in overweight adults who are responsible for choosing and independently
controlling their own diets. While studies from controlled trials suggest favourable
effects on glycemic control, lipid profile and inflammatory markers are possible,160163,191,192,195,197

there is not yet convincing evidence they lead to improved health

outcomes after 12 months, especially when implemented without ongoing dietary
support. In addition, it is important to examine whether diets that involve severe energy
restriction or exclusion of food groups may contribute to disordered eating behaviours,
or have an impact on mental health, a currently understudied area.
The aims of this chapter were to i) ascertain whether overweight adults would choose to
undertake intermittent fasting or Paleo diets in preference to a Mediterranean diet, ii)
determine whether these alternative approaches, delivered as a single dietary
intervention, could influence weight loss, body composition and metabolic outcomes
after 12 months, and iii) outline any impact of these dietary recommendations on eating
behaviours and attitudes.

5.2

Methods

This analysis forms part of the Support strategies for Whole-food diets, Intermittent
Fasting and Training (SWIFT) trial. Further details of the study protocol are described in
chapter 2 and the published protocol paper,1 so only relevant aspects are outlined below.
SWIFT is registered with the Australian New Zealand Clinical Trials Registry
(ACTRN12615000010594) and ethical approval was obtained from the University of
Otago Human Ethics Committee (H14/024). All participants provided written informed
consent.
The SWIFT study was a 12-month randomised controlled trial in which the primary
outcome was to examine the effect of different monitoring strategies (brief support
meetings, daily weighing, app-based dietary monitoring, or blood glucose hungertraining) in conjunction with dietary and exercise recommendations on weight loss over
12 months. The brief support intervention involved participants meeting with research
staff for short monthly meetings to discuss general strategies to assist with lifestyle
change. Participants randomised to daily weighing were asked to record their weight each
day, while app-based monitoring required subjects to use MyFitnessPal to measure their
food intake. The hunger-training intervention involved learning to self-monitor hunger
by checking blood glucose levels.
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As this study was intended to represent a real-world environment, participants then chose
a Mediterranean, modified Paleolithic, or intermittent fasting dietary approach in their
attempt to lose weight. Participants could also choose whether to try regular daily
moderate intensity exercise (30 minutes a day at least 5 days a week) or high-intensity
interval training (HIIT, brief but intense exercise) three times per week (see Figure 2.1).
5.2.1 Recruitment and initial screening
Overweight but otherwise healthy adults were recruited by advertisement, with interested
subjects undertaking online screening to ensure eligibility (age 18+ years, self-reported
body mass index (BMI) of ≥27 kg/m2 and residing in the locality). Exclusion criteria
were: type 1 or 2 diabetes, any significant systemic disease or disorder including
malignancy, inflammatory or endocrine conditions, as well as women who were pregnant
or breastfeeding. In order to be representative of the target population, participants with
impaired glucose tolerance, unmedicated stage one hypertension, hyperlipidaemia and
controlled asthma were included. People requiring cardiovascular or anti-inflammatory
medications were excluded, as were those on endocrine replacement, but common and
long-term medications such as anti-histamines, inhaled asthma medications, oral
contraception, selective serotonin re-uptake inhibitors and statins were allowed, as these
medications are commonly used by the target population and were unlikely to influence
the primary outcomes. Any participants that reported having a medical condition,
symptoms or medication use were individually reviewed by a medically trained
researcher prior to inclusion.
Following the initial eligibility assessment by online questionnaire, potential participants
then attended a physical screening appointment to check their fasting blood glucose with
portable glucometers, and to measure their BMI and blood pressure, as detailed below.
Exclusions were then applied if any participant’s BMI was less than 27kg/m2, if blood
glucose levels were greater than 7mmol/L (indicating possible undiagnosed diabetes), or
if systolic blood pressure was above 160mmHg or diastolic blood pressure above
100mmHg.
5.2.2 Dietary interventions
Following baseline assessments, participants chose which dietary approach they wanted
to follow before being randomised to a support strategy (see protocol1 and main
outcomes2). Participants attended a single education session of 30 minutes, in which they
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received specific advice for their chosen diet, and a brochure containing guidelines and
recommended food choices with recipes provided. Advice regarding general behavioural
strategies for weight loss was given to all participants, including recommendations to
assist with stimulus control, problem solving, stress reduction and dealing with negative
thinking. Portion control was also discussed with participants in all diet groups.
The recommended Mediterranean diet included predominantly fruit, vegetables and
wholegrain cereals, with moderate amounts of lean protein, emphasising seafood and
limiting red meat. Olive oil was recommended as the primary fat source, along with up
to 30g of nuts daily. Moderate amounts of reduced-fat dairy products and legumes were
also included. Energy restriction with calorie counting was not required.
The Paleolithic diet in this study was modified to be a more flexible and feasible longterm option than a pure Paleo approach, which would require complete restriction of any
grain-based foods, legumes or dairy. In this study, the intent was to utilise the Paleo
philosophy by reducing these food groups to one serving a day or less. Also consistent
with the Paleo ideology, restriction of processed vegetable oils was also recommended,
in favour of olive or avocado oil as a primary fat source, although saturated fats such as
butter or coconut oil could also be used in moderation. Fruit and vegetables were to be
consumed ad libitum. Carbohydrate rich tubers such as potato were restricted to one
serving per day, and it was recommended that dried fruit was also limited. In this
modified Paleo diet, a moderate protein intake was suggested, however without any
restriction on the source, with no limits on red meat consumption. Fermented full fat
dairy products could be included as desired.
To undertake intermittent fasting, participants were instructed to restrict their energy
intake on two days each week to approximately 25% of a normal intake. In order to be
flexible and improve adherence, any day of the week could be chosen, which could vary,
and the days were not required to be consecutive. The daily energy intake on fasting days
was recommended to be 500kcal (2090 kJ) for female subjects, and 600kcal (2508 kJ)
for males. Participants could choose how to implement their fasting days; as long as the
energy restriction was attained, participants could choose the number and composition
of the meals within the fasting period. However, meals rich in protein and low
carbohydrate vegetables were recommended for satiety. The diet on the non-fasting days
was not dictated, other than a general recommendation to eat a normal healthy diet.
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5.2.3 Outcome Measures
Anthropometric measures, blood pressure, physical activity, diet records and
questionnaire data were collected at 0, 6 and 12 months. Measures of body composition
and blood markers were taken at 0 and 12 months only.
Duplicate measures of height (Heightronic, QuickMedical, WA), weight (Tanita BC-418,
Tanita Corp., Tokyo, Japan), waist (non-elastic tape), and blood pressure (Omron HEM907 automated sphygmomanometer, Omron Corp., Kyoto, Japan) were assessed using
standard procedures. All measures were taken by research assistants blinded to
intervention or diet group allocation.
Venous blood samples were collected by a registered nurse following a 12 hour fast.
Glycated haemoglobin (HbA1c) was measured by enzymatic methods on a Cobas Mira
Plus Analyzer (Roche Diagnostics, Indianapolis, IN). High-sensitivity C-reactive protein
(CRP) was measured using a CRP Unimate kit (Roche Diagnostics, Basel, Switzerland)
and acylated ghrelin was assessed via immunoassay (Human Gut Hormone Panel
LINCOplex Kit, LINCO Research, St Charles, MO). Plasma total cholesterol (TC), HDL
cholesterol (HDL-C) and triglyceride (TG) concentrations were ascertained by enzymatic
methods using a Cobas Mira Plus Analyser, and LDL cholesterol (LDL-C) levels were
derived using the Friedewald formula.249
Dual energy x-ray absorptiometry (DXA, GE Lunar Prodigy, GE Healthcare, Madison,
WI) was used to measure body composition, with visceral fat volume estimated using the
Lunar Encore software CoreScan (Version 16, GE Healthcare, Madison, WI). Physical
activity levels were assessed by Actigraph accelerometers (GT3X, ActiGraph, Pensacola,
FL) which were worn for 7 days, with data analysed using an automated programme
developed in MATLAB (MathWorks, Natick, MA).226 To evaluate energy intake,
participants completed a weighed 3-day diet record. Participants were asked to choose
non-consecutive days, including one weekend day. Records where checked upon return
and any missing or unclear data clarified by telephone. Nutrient and energy intakes were
calculated using Kai-calculator (University of Otago, 2011).
Questionnaires were completed by all participants to assess demographic characteristics
(age, sex, ethnicity, education, employment status using the New Zealand census
questions), personality (utilising the ten-item inventory for the ‘Big Five’ personality
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dimensions),230 a brief resilience scale,231 a diet and weight history questionnaire,232 and
questions regarding self-efficacy for healthy eating.33 To gauge psychological health,
short measures of depression and anxiety were recorded using the DASS21,236 as well as
validated measures of disordered eating (EDE-Q),233 and measures of eating behaviour,
(DEBQ),235 and intuitive eating (IES-2).234 An overall diet score was also calculated to
reflect overall satisfaction with each dietary approach. This was evaluated by scoring ten
questions in which participants rated their diets on a ten-point scale for aspects such as
tolerability, hunger, flexibility, simplicity and expense (see section 2.9.5).
5.2.4

Statistics

Analysis of variance or a chi squared test, as appropriate, were used to compare the
baseline characteristics for the diet groups. Outcome data were analysed using mixed
models, with a random effect for participant, adjusting for age, sex, support strategy and
exercise group (if relevant), and the relevant baseline variables. No adjustments were
made for multiple comparisons. For those outcomes that were not collected at 6 months,
linear regression was used, adjusting for age, sex and baseline to estimate differences
between the exercise groups. The results are presented as differences (95% confidence
intervals) between groups. All analyses were performed using Stata 13.1 or a later version
(StataCorp, College Station, TX).

5.3

Results

Table 5.1 illustrates that intermittent fasting proved to be the most popular diet amongst
the available options in the study, with 54% of participants opting for this approach in
preference to a Mediterranean (27%) or modified Paleo-type (18%) diet. Choice of diet
differed by sex; men were more likely to choose intermittent fasting, whereas more of
the Paleo participants were women (p=0.04). Dietary choice was not associated with age
or any other demographic or physical characteristic. At baseline, participants in each diet
group had similar body composition, anthropometry and physical activity levels.
Measures of personality and resilience did not indicate that there were any intrinsic
psychological differences associated with the choice of diet (Table 5.1). However, diet
choice was associated with some differences in eating behaviours and attitudes.
Intermittent fasting participants appeared more likely to eat for physical and less likely
to eat for emotional reasons than the other two groups. They were also more likely to be
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responsible for household food preparation (p=0.02) and reported lower self-efficacy for
healthy eating (p=0.01) (Table 5.1).
Table 5.2 demonstrates that dietary choice did not influence weight or body composition
at 12 months, but systolic blood pressure was observed to be significantly higher in the
Paleo group when compared to the Mediterranean option (4.3mmHg, 95% CI: 0.2 to 8.3).
Those who opted for intermittent fasting also appeared to increase their physical activity
levels by a small amount (46 counts per minute, 8 to 84) relative to participants following
the Mediterranean diet (p=0.02) (Table 5.2).
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Table 5.1

Baseline characteristics of participants choosing different diets

Variable

n

Fasting

n

Paleo

n

Mediterranean

Pa

Choice of diet (%)

136 (54.4%)

46 (18.4%)

68 (27.2%)

Female n (%)

75 (55.2%)

34 (73.9%)

46 (67.7%)

0.04

44.2 (11.7)

0.72
0.34

Age (years)
Education

136

43.9 (11.1)

46

42.6 (9.6)

68

School only

26 (19.1%)

12 (26.1%)

11 (16.2%)

Post secondary

38 (27.9%)

12 (26.1%)

13 (19.1%)

University

72 (52.9%)

22 (47.8%)

44 (64.7%)

NZEOb

121 (89.0%)

37 (80.4%)

62 (91.2%)

Maori

7 (5.2%)

6 (13.0%)

5 (7.4%)

Pacific

5 (3.7%)

2 (4.4%)

0 (0%)

Asian

3 (2.2%)

1 (2.2%)

1 (1.5%)

Full-time

100 (73.5%)

33 (71.7%)

44 (64.7%)

Part-time

28 (20.6%)

9 (19.6%)

14 (20.6%)

Not employed

6 (4.4%)

2 (4.4%)

5 (7.4%)

Not stated

2 (1.5%)

2 (4.4%)

5 (7.4%)

Weight (kg)

96.5 (15.0)

97.6 (19.1)

93.6 (16.4)

0.37

Height (cm)

171.2 (9.9)

168.9 (8.7)

169.3 (9.2)

0.22

Body mass index (kg/m2)

32.9 (4.2)

34.1 (5.3)

32.5 (4.1)

0.16

100.1 (13.0)

0.53

Ethnicity

Employment
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Waist (cm)

136

102.1 (11.4)

46

101.6 (14.7)

68

0.40

0.45

Percentage body fat (%)

136

39.4 (7.6)

46

41.0 (6.6)

68

40.4 (7.5)

0.41

Visceral fat (cm3)

136

1534 (930)

46

1281 (979)

67

1429 (957)

0.28

Systolic blood pressure (mm Hg)

136

126 (16)

46

121 (14)

67

122 (14)

0.17

Diastolic blood pressure (mm Hg)

136

79 (10)

46

79 (11)

67

78 (10)

0.69

Estimated VO2max (ml/kg/min)

134

28.7 (6.3)

44

28.6 (6.5)

68

28.3 (7.2)

0.91

Physical activity

Counts per minute

133

324 (101)

45

325 (99)

67

348 (133)

0.31

Personalityc

Extraversion

136

4.8 (0.9)

46

4.9 (0.9)

68

4.6 (0.9)

0.17

Agreeableness

136

5.1 (1.1)

46

5.2 (1.0)

68

4.9 (1.1)

0.32

Conscientiousness

136

5.1 (1.1)

46

5.3 (1.2)

68

5.1 (1.2)

0.64

Emotional stability

136

5.0 (1.3)

46

4.9 (1.3)

68

4.7 (1.4)

0.18

Open to experiences

136

5.2 (1.0)

46

5.4 (1.0)

68

5.1 (1.1)

0.41

Resilience scored

136

3.5 (0.7)

46

3.5 (0.8)

68

3.5 (0.8)

0.79

EDE-Q global scoree

136

2.1 (0.9)

46

2.4 (1.0)

68

2.1 (1.0)

0.14

Total score

136

3.1(0.4)

46

2.9 (0.5)

68

3.0 (0.5)

0.03

Unconditional permission to eat

136

3.4 (0.4)

46

3.3 (0.5)

68

3.3 (0.5)

0.09

Eating for physical reasons

136

3.0 (0.9)

46

2.6 (0.7)

68

2.7 (0.8)

0.02

Hunger and satiety cues score

136

2.9 (0.6)

46

2.8 (0.7)

68

2.8 (0.8)

0.32

Body-food choice congruence

136

3.1 (0.6)

46

3.2 (0.9)

68

3.4 (0.7)

0.09

Dutch Eating Behaviourg Restrained eating

136

2.7 (0.6)

46

2.8 (0.5)

68

2.6 (0.6)

0.34

Emotional eating

136

2.4 (0.9)

46

2.7 (0.7)

68

2.6 (0.9)

0.03

Intuitive Eating Scoref
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External eating

a

136

3.3 (0.6)

46

3.4 (0.5)

68

3.2 (0.6)

0.32

Self-efficacy for healthy eatingh

136

22.1 (5.2)

46

24.6 (5.6)

68

23.9 (5.9)

0.01

Encouragement of healthy eatingi

136

5.0 (1.9)

46

5.6 (2.4)

68

5.0 (2.0)

0.21

Discouragement of unhealthy eatingi

136

4.3 (1.9)

46

4.2 (2.0)

68

4.0 (1.9)

0.64

Children in household

136

1.2 (1.4)

46

1 (1.3)

67

0.9 (1.2)

0.19

Meal preparationj

135

2.3 (0.9)

46

2.1 (0.9)

68

2.0 (0.8)

0.02

Comparison between diet groups analysed using chi-squared (categorical variables) or independent t-test (continuous variables) analyses as
appropriate.
b
New Zealand European and Others.
From total possible scores of c7, d5, e6, f5, g5, h5, i10, j4
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Table 5.2

Body composition and physical outcomes for those choosing different dietary recommendations

Variable

Month

Fasting

n

Mean (SD)

Modified Paleo

n

Mean (SD)

Mediterranean

n

Mean (SD)

Fasting vs

Paleo vs

Mediterranean

Mediterranean

Difference

p

(95%CI)
Weight (kg)

Body Fat (%)

Visceral Fat (cm3)

Waist circumference
(cm)

Systolic blood pressure
(mm Hg)

Diastolic blood pressure
(mm Hg)

Difference

p

(95%CI)

120

0

120

96.8 (14.9)

35

94.4 (18.2)

54

94.6 (16.7)

6

116

92.7 (14.4)

35

91.9 (17.7)

53

92.9 (17.2)

-1.9 (-3.8 to 0.1)

0.06

-1.2 (- 3.8 to 1.4)

0.36

12

99

92.5 (15.5)

25

95.2 (20.9)

47

92.2 (16.6)

-1.5 (-3.7 to 0.8)

0.21

1.0 (-1.9 to 3.9)

0.50

0

93

39.1 (7.2)

24

39.0 (6.9)

47

39.6 (8.3)

12

93

37.1 (8.5)

24

38.0 (8.3)

47

38.2 (8.9)

-0.5 (-1.7 to 0.8)

0.44

0.5 (-1.2 to 2.2)

0.58

0

93

1643 (984)

24

1185 (920)

46

1438 (942)

12

93

1379 (951)

24

1102 (838)

46

1280 (837)

-69 (-237 to 98)

0.42

30 (-193 to 254)

0.79

0

120

102.3 (11.6)

35

99.2 (14.6)

54

101.2 (12.9)

6

116

98.3 (10.4)

35

96.0 (13.2)

53

98.3 (11.7)

-0.5 (-2.4 to 1.4)

0.61

-0.8 (-3.3 to 1.6)

0.50

12

99

98.7 (11.1)

25

98.4 (16.1)

47

97.7 (11.9)

0.0 (-2.0 to 2.0)

0.99

1.1 (-1.7 to 3.9)

0.46

0

120

126 (16)

35

122 (14)

53

123 (13)

6

115

125 (15)

35

120 (10)

53

121 (15)

1.8 (-1.5 to 5.1)

0.28

0 (-3.8 to 3.9)

0.99

12

99

122 (14)

25

122 (12)

47

117 (13)

0.9 (-1.9 to 3.6)

0.54

4.3 (0.2 to 8.3)

0.04

0

120

79 (10)

35

79 (11)

53

78 (9)

6

115

77 (9)

35

77 (10)

53

76 (11)

1.1 (-1.3 to 3.5)

0.35

0.1 (-3.0 to 3.2)

0.94

12

99

76 (10)

25

77 (11)

47

75 (9)

0.95

0.74

Physical activity (cpm)

0

102

338 (100)

28

307 (81)

49

357 (146)

6

101

325 (114)

28

318 (108)

46

324 (121)

21 (-8 to 50)

0.16

35 (1 to 71)

0.06

12

78

368 (142)

20

323 (93)

41

335 (111)

46 (8 to 84)

0.02

30 (-19 to 80)

0.23

For variables collected at 0, 6, and 12 months, outcomes at 6 and 12 months analysed using mixed models, with a random effect for participant,
adjusting for age, sex, support strategy and exercise group (if relevant), and the relevant baseline variables.
For outcomes not collected at 6 months, linear regression was used, adjusting for age, sex and baseline to estimate differences between the
exercise groups.
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Several metabolic outcomes were different between groups at 12 months (Table 5.3).
Compared to those in the Mediterranean group, those who tried intermittent fasting had
higher glycated haemoglobin values (difference, 95% CI: 0.5mmol/mol, 0 to 0.9), and
elevated total cholesterol, (0.2mmol/L, 0 to 0.4), LDL cholesterol, (0.2mmol/L, 0 to 0.4)
and HDL cholesterol (0.1mmol/L, 0 to 0.1) concentrations. Interestingly, acylated
ghrelin concentrations were also significantly higher in IF participants (6.8 pg/mL, 2.0
to 11.5) whereas there was no significant difference between diet groups in levels of
systemic inflammation (indicated by high-sensitivity C-reactive protein) or triglycerides
at 12 months.
At 12 months, the overall diet acceptability scores indicated that all of the diet options
were considered similarly and moderately tolerable, with overall diet scores of 64.2 69.1 out of a possible 100 (Table 5.4). Little effect was observed regarding measures of
disordered eating (represented by EDE-Q score) and overall intuitive eating (intuitive
eating total score) were not different between groups at 12 months. However, some
differences were apparent in several subscores. Intermittent fasting participants reported
higher unconditional permission to eat (0.2, 0 to 0.4) and lower body-food choice
congruence (-0.3, -0.5 to -0.0) compared with participants on the Mediterranean diet.
Conversely, participants following the modified Paleo approach reported less restrained
eating (-0.4, -0.6 to -0.1) and lower levels of anxiety (-1.6, -3.0 to -1.3) when compared
with Mediterranean participants. No other comparisons were statistically significant
(Table 5.4).
Intermittent fasting and the Paleo diet were compared to the Mediterranean diet because
it is an approach that is well-supported by evidence for beneficial health outcomes and
likely to lead to weight loss, and can be considered to represent best practice. However,
there were no significant differences between intermittent fasting and the Paleo diet for
physical outcomes or blood indices at 6 or 12 months (data not shown).
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Table 5.3
Variable

Blood outcomes for those choosing different dietary recommendations
Month Fasting

n

Modified Paleo

Mean (SD)

n

Mean (SD)

Mediterranean

n

Mean (SD)

Fasting vs

Paleo vs

Mediterranean

Mediterranean

Difference (95%

p

CI)
HbA1c

hsCRP

Total
cholesterol
LDL
cholesterol
HDL
cholesterol
TAG

Ghrelin

0

92

33.4 (2.8)

24

33.4 (2.6)

46

34.0 (3.0)

12

92

33.1 (2.7)

24

33.1 (2.8)

46

33.2 (3.2)

0

92

2.7 (3.5)

24

1.7 (1.7)

46

2.5 (2.7)

12

92

2.6 (3.8)

24

1.8 (1.7)

46

2.6 (3.2)

0

92

5.5 (1.0)

24

5.5 (0.9)

46

5.3 (0.9)

12

92

5.4 (1.0)

24

5.3 (0.8)

46

5.1 (0.8)

0

92

3.5 (0.9)

24

3.5 (0.9)

46

3.4 (0.8)

12

92

3.5 (1.0)

24

3.3 (0.8)

46

3.2 (0.7)

0

92

1.3 (0.3)

24

1.4 (0.4)

46

1.3 (0.3)

12

92

1.4 (0.3)

24

1.4 (0.5)

46

1.3 (0.3)

0

92

1.4 (0.5)

24

1.3 (0.6)

46

1.4 (0.5)

12

92

1.2 (0.5)

24

1.2 (0.7)

46

1.3 (0.5)

0

92

47.1 (18.4)

24

50.4 (16.6)

46

51.4 (41.1)

12

92

50.6 (19.2)

24

51.6 (21.7)

46

45.7 (10.8)

Difference (95%

p

CI)

0.5 (0 to 0.9)

0.05

0.5 (-0.2 to 1.1)

0.15

-0.2 (-0.9 to 0.4)

0.44

0 (-0.8 to 0.8)

0.94

0.2 (0 to 0.4)

0.02

0 (-0.2 to 0.3)

0.73

0.2 (0 to 0.4)

0.05

0 (-0.2 to 0.2)

0.88

0.1 (0 to 0.1)

0.01

0.1 (0 to 0.2)

0.18

-0.1 (-0.2 to 0.1)

0.41

-0.1 (-0.3 to 0.2)

0.59

6.8 (2.0-11.5)

0.01

6.8 (-2.6 to 16.3)

0.16

Data were analysed using linear regression, adjusting for age, sex and baseline to estimate differences between the exercise groups.
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Table 5.4

Psychological Outcomes for those choosing different dietary recommendations

Variable

Month

Fasting

n

Overall Diet Score1

EDEQ-global

Mean (SD)

Modified Paleo

n

Mean (SD)

Mediterranean

n

Mean (SD)

6

94

66.3 (14.2)

25

66.0 (14.0)

45

67.7 (12.9)

12

99

66.3 (14.7)

25

64.2 (15.6)

46

69.1 (14.0)

0

99

2.0 (0.9)

24

2.2 (1.0)

46

1.9 (1.0)

12

99

1.9 (0.9)

24

1.8 (1.1)

46

2.0 (1.0)

0

120

3.1 (0.4)

34

2.9 (0.5)

54

3.0 (0.5)

6

116

3.1 (0.4)

34

3.0 (0.6)

53

12

99

3.1 (0.5)

25

3.1 (0.5)

0

120

3.4 (0.5)

34

6

116

3.2 (0.6)

12

99

0

Fasting vs

p

Paleo vs

Mediterranean

Mediterranean

Difference

Difference

(95% CI)

(95% CI)

p

-1.1 (-5.6 to 3.4)

0.64

-3.7 (-9.3 to 1.8)

0.19

-0.1 (-0.3 to 0.1)

0.39

-0.4 (-0.7 to 0)

0.07

3.1 (0.4)

0 (-0.1 to 0.1)

0.84

0 (-0.2 to 0.1)

0.77

46

3.1 (0.4)

0 (-0.1 to 0.2)

0.66

0.2 (0 to 0.4)

0.09

3.3 (0.5)

54

3.3 (0.5)

34

2.8 (0.6)

53

2.9 (0.6)

0.2 (0 to 0.4)

0.01

-0.1 (-0.4 to 0.1)

0.31

3.2 (0.6)

25

3.3 (0.6)

46

2.9 (0.7)

0.2 (0 to 0.4)

0.02

0.3 (0.1 to 0.6)

0.01

120

3.0 (0.9)

34

2.6 (0.7)

54

2.8 (0.8)

6

116

3.2 (0.8)

34

2.9 (1.0)

53

3.2 (0.8)

-0.1 (-0.3 to 0.1)

0.25

-0.1 (-0.4 to 0.2)

0.67

12

99

3.2 (0.9)

25

2.9 (0.9)

46

3.2 (0.8)

-0.1 (-0.3 to 0.1)

0.30

-0.1 (-0.4 to 0.2)

0.59

0

120

2.9 (0.6)

34

2.7 (0.8)

54

2.8 (0.8)

6

116

2.9 (0.7)

34

2.8 (0.9)

53

2.9 (0.7)

0 (-0.2 to 0.2)

0.93

0 (-0.3 to 0.3)

0.99

12

99

2.9 (0.7)

25

3.0 (0.9)

46

2.8 (0.8)

0.1 (-0.2 to 0.7)

0.69

0.3 (0 to 0.6)

0.06

score2

Intuitive eating total
score

3

Unconditional
permission to eat3

Eating for physical
reason3

Hunger and satiety
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cues score3

Body-food choice
congruence3

DEB-Q restrained
4

eating

DEB-Q emotional
eating4

DEB-Q external
eating4
DASS Depression5
DASS Anxiety5
DASS Stress5

0

120

3.2 (0.6)

34

3.2 (0.9)

54

3.5 (0.6)

6

116

3.3 (0.7)

34

3.6 (0.9)

53

3.6 (0.6)

-0.3 (-0.5 to -0.1)

<0.01

0.1 (-0.3 to 0.4)

0.69

12

99

3.3 (0.7)

25

3.5 (0.9)

46

3.6 (0.6)

-0.3 (-0.5 to 0)

0.03

0 (-0.4 to 0.4)

0.98

0

120

2.7 (0.6)

34

2.8 (0.4)

54

2.6 (0.6)

6

116

2.9 (0.5)

34

2.8 (0.7)

53

2.8 (0.7)

0 (-0.1 to 0.2)

0.83

-0.1 (-0.4 to 0.1)

0.26

12

99

2.9 (0.6)

25

2.5 (0.7)

46

2.8 (0.6)

0 (-0.1 to 0.2)

0.65

-0.4 (-0.6 to -0.1)

0.01

0

120

2.3 (0.9)

34

2.8 (0.7)

54

2.5 (0.8)

6

116

2.2 (0.9)

34

2.6 (1.0)

53

2.3 (0.9)

0.1 (-0.1 to 0.3)

0.52

0.1 (-0.2 to 0.4)

0.60

12

99

2.2 (0.9)

25

2.6 (1.0)

46

2.1 (0.8)

0.2 (-0.1 to 0.4)

0.18

0.3 (0 to 0.6)

0.06

0

120

3.3 (0.5)

34

3.4 (0.5)

54

3.2 (0.5)

6

116

3.1 (0.6)

34

3.1 (0.6)

53

3.0 (0.6)

0.1 (0 to 0.3)

0.08

0 (-0.2 to 0.2)

0.78

12

99

3.1 (0.6)

25

3.1 (0.6)

46

2.9 (0.6)

0 (-0.1 to 0.2)

0.59

0 (-0.2 to 0.2)

0.98

0

99

5.2 (5.4)

24

5.7 (5.6)

46

5.4 (5.7)

12

99

5.4 (5.8)

24

6.2 (5.4)

46

6.7 (8.2)

-1.3 (-3.7 to 1.0)

0.27

-1.1 (-4.0 to 1.9)

0

99

3.3 (3.9)

24

3.9 (4.3)

46

3.9 (4.2)

12

99

3.5 (4.2)

24

2.4 (2.3)

46

3.8 (3.6)

-0.1 (-1.4 to 1.2)

0.88

-1.6 (-3.0 to 1.2)

0.03

0

99

10.0 (6.6)

24

9.2 (6.7)

46

9.8 (6.7)

12

99

9.6 (6.2)

24

8.5 (5.7)

46

10.1 (7.0)

-0.3 (-2.5 to 1.9)

0.78

-1.4 (-4.1 to 1.4)

0.33
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Difference (95% CI) between groups analysed by linear regression analysis and adjusted for age, sex and intervention group.
1
From a possible score of 100 (Diet score)
2
From a possible score of 6 (EDEQ)
3
From a possible score out of 5 (IES)
4
From a possible score of 5 (DEB-Q)

5

From a possible score of 42 (DASS)
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5.4

Discussion

Intermittent fasting was the most popular dietary option in this study of overweight
adults, and was preferred by the male participants, but when implemented following a
single dietary education session, did not lead to superior weight loss or reduction in body
fat compared to the Mediterranean diet. However, intermittent fasting was associated
with slightly worse metabolic outcomes at 12 months, with higher HbA1c and blood lipid
concentrations. Those opting for the Paleo diet also did not exhibit any differences in
weight loss, fat reduction or significant changes in blood markers compared to the
Mediterranean diet, but a higher systolic blood pressure and a lower anxiety score were
observed at 12 months. All diets were considered equally tolerable and resulted in little
difference across eating behaviour and measures of psychosocial health.
If alternative dietary approaches are to be recommended, it needs to be demonstrated that
they are considered acceptable and will be undertaken by the general population. While
both intermittent fasting and Paleo diets are anecdotally popular, it is not known whether
these diets would be chosen instead of more conventional diets. In this study, intermittent
fasting was clearly the most popular option, chosen by 54% of participants, but all diets
were relatively well subscribed. Other than the male preference for fasting, there were no
obvious physical or personal differences between those opting for different diets at
baseline, indicating that all of these diets can appeal to a cross-section of the population,
regardless of demographic details, physical status and personality type. It is feasible that
the small differences between diet groups at baseline in measures of intuitive eating, selfefficacy and responsibility for meal preparation, reflect the sex differences apparent in
dietary choice.
Despite some evidence from controlled trials indicating that intermittent fasting150 and
Paleo diets191,192,197 can produce superior weight loss, fat reduction and metabolic
improvements, this was not observed in our study. This discrepancy most likely reflects
the difficulties of adhering to dietary guidelines in the real world, in which ongoing
education and support for dietary change is not usually easily accessible. The lack of
superiority of any specific dietary approach is consistent with other work that suggests
that the nature of the dietary recommendation is largely irrelevant over the longer
term,24,252,253 and that long term adherence is primarily associated with sustained change
in weight.254 Although in this study all diets were considered equally tolerable
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(represented by the similar diet scores), the small changes in weight and body
composition suggest that adherence was poor.
It is interesting to note that intermittent fasting resulted in slightly worse metabolic
outcomes compared to the Mediterranean approach. While it is well documented that the
Mediterranean diet has a favorable impact on glycaemic control,207,209 recent work has
indicated that intermittent fasting could be superior, leading to decreases in fasting
insulin and improved insulin sensitivity.150,162,164 In this study, with the dietary
recommendations only delivered as a single education session, it is probable that longterm adherence to the energy restriction required for fasting was inadequate. This is
perhaps reflected by the higher levels of ghrelin observed in fasting participants,
indicating greater potential hunger. Certainly, anecdotally, many of our fasting
participants indicated that they found it very difficult to manage the fasting days. While
it was considered beyond the scope of this thesis to analyse the diet records for glycaemic
content, we speculate that these participants may have chosen foods with high glycemic
load on non-fasting days, reducing the impact of fasting on glycated haemoglobin. It may
be that Mediterranean type diets, which recommend selecting lower glycaemic foods may
be a more realistic intervention to improve blood glucose levels if fasting cannot be
sustained long-term.
In this study, choosing intermittent fasting was also associated with a less favorable lipid
profile than the Mediterranean diet, which could again reflect poor adherence or food
choices within the fasting cohort. Improvements in blood cholesterol are well
documented in diets rich in olive oil and nuts,209 and this study provides further evidence
that a single intervention recommending a Mediterranean pattern of eating is likely to
lead to better cardiovascular outcomes. In contrast to what was observed with intermittent
fasting, choosing a Paleo diet was not associated with any differences in blood markers
of metabolic health when compared to the Mediterranean diet. As both Paleo and
Mediterranean diets emphasise consistent choices of unprocessed whole foods, this may
account for the similar metabolic outcomes.
However, an adverse effect of the Paleo diet was observed in that a clinically relevant
difference in systolic blood pressure was observed at 12 months (4.3mmHg) compared
to participants following the Mediterranean diet. Increasing the dietary intake of fruit and
vegetables can lead to meaningful reductions in blood pressure due to a greater intake of
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potassium and reduction in sodium levels.188 Perhaps our Paleo participants consumed
high intakes of meat and lower intakes of potassium rich plant-based foods, such as
legumes given the latter in particular are restricted in the Paleo approach. This finding is
consistent with other work confirming Mediterranean and plant-based diets may lead to
improvements in blood pressure.221,253 Although exercise can have an impact on blood
pressure, this is unlikely to have been a factor given physical activity levels were not
significantly different between these groups.
The impact of alternative eating patterns like intermittent fasting and Paleo diets on
eating behaviours and mental health is largely unknown. A small 8-week study of
alternate day fasting has demonstrated that fasting led to a decrease in binge eating
behaviour, with a greater ability to restrict eating, and lower depression scores. 174 In
contrast, the present study did not show that intermittent fasting was associated with any
improvements in depression or anxiety levels, and led to only small changes in some
measures of intuitive eating. Explanations for these differences could include the much
longer time frame in the SWIFT study (12 months versus 8 weeks), the lack of support
we provided (to specifically mimic what might be expected in the real world) and perhaps
less frequent fasting (2 versus 3-4 days per week). Those opting for the Paleo diet showed
changes in some measures of eating behaviour, recording less restraint and more
unconditional permission to eat compared with those choosing the Mediterranean diet.
As no diet choice lead to a significant change in the scores for disordered eating, we
believe these alterations in sub-scores are unlikely to be clinically meaningful. However,
as it is unknown if the participants who did not complete the study were more adversely
affected, these issues remain a consideration for individuals prone to eating disorders.
While the reduction in anxiety score seen in the Paleo diet group is an isolated finding, it
is consistent with evidence that higher diet quality is linked to improved mental health
outcomes,255,256 although the underlying mechanisms for this remain poorly understood.
It is possible that whole-foods diets with a greater variety of fruit and vegetables may
contribute higher levels of micronutrients such as magnesium and zinc,257 or alter the gut
microbiome.258 It has also been proposed that red meat consumption could be protective
against the development of mood disorders,259 so it is possible that the reduction in
anxiety scores seen in the Paleo diet group in this study could be related to a diet richer
in both meat and plant foods. Without examination of the diet records, we cannot
conclude whether our Paleo participants ate relatively few fruit and vegetables (which
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might explain their higher systolic blood pressure), or high amounts which helped to
reduce their anxiety relative to other groups.
The strengths of this study include the large number of participants, and the relatively
long duration for a diet intervention, as well as the study design in which participants
were able to choose their diet, thus more realistically representing real-world
implementation. Accurate assessment of body composition was undertaken using DXA,
and a comprehensive range of validated questionnaire data were collected. However, our
study also has some limitations. We observed a high attrition rate of 31.6%, although this
is common in interventions of this kind. While intentional, participants were not
randomised to diet groups, so despite minimal differences observed between the diet
groups at baseline, it is possible that unknown variables influenced outcomes. As is
common with diet studies, not all participants completed questionnaires and diet records
fully, and this may have influenced findings.
Further work is needed to ascertain whether outcomes from intermittent fasting could be
improved by implementing fasting in conjunction with diets with known metabolic
benefits. Possible associations of whole-food diets with improvements in mental health
warrants further investigation.

5.5

Conclusion

Overweight adults who chose to undertake intermittent fasting or Paleo diets experienced
similar but modest weight loss and body fat reduction after 12 months as those who opted
for a more conventional Mediterranean approach. Choosing intermittent fasting was
associated with mildly worse metabolic outcomes when compared to the Mediterranean
diet, which supports current evidence that regular consumption of whole plant-based
foods is most likely to promote health benefits. All diets were considered equally
tolerable, but had mildly different psychological impacts. While any of these dietary
approaches may be appropriate interventions for weight loss, this study provides some
evidence that a single dietary intervention that recommends intermittent fasting may be
less effective for improving overall health than choosing diets rich in unprocessed wholefoods.
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6

Discussion

Although evidence exists regarding the efficacy of current exercise and nutrition
recommendations,26,62 they are clearly having insufficient impact on the increasing rates
of obesity and related complications. It thus seems feasible that the effectiveness of
alternative exercise or dietary options should be explored. However, while novel and
popular interventions such as HIIT,80,81,84,85,90 IF,160-163 and Paleo diets177,197 have been
shown to be beneficial in the laboratory setting, their effectiveness in the real world is
unclear.
A large body of mainly small, short-term laboratory evidence shows that HIIT appears
to be a safe, effective and time-efficient form of exercise.80,81,84,85,89,90 However, it is not
known whether it would be chosen by overweight but healthy adults in preference to
standard exercise guidelines, if they can perform HIIT effectively, and whether this
population would benefit from medical evaluation prior to participation. For HIIT to be
a feasible addition to public health exercise guidelines, evidence is required to show that
people can adhere to HIIT without supervision over the long term, and that it leads to
improved outcomes in terms of weight loss, changes in body composition or markers of
cardiovascular disease. Because it is unlikely that one form of exercise will benefit all
individuals, describing who may best be able to adhere to HIIT to obtain benefits would
be valuable information to aid exercise prescription.
Likewise, while limited evidence suggests alternative dietary approaches such as
intermittent fasting,160-165 and Paleo diets177,191,192,197 can be effective for weight loss and
metabolic improvements in controlled trials, it has not been shown that these observed
benefits persist when the diets are implemented independently in the real world.
Demonstrating long-term adherence and evidence of improved health outcomes from
these alternative approaches is essential before they can be considered suitable to include
as options within current nutrition guidelines.

6.1

Methodological considerations

While randomised controlled trials are considered the gold-standard for evaluating
interventions, the outcomes from RCTs represent mechanistic effects of the interventions
while controlling for confounding variables. This does not necessarily reflect an accurate
depiction of real-world outcomes in which people choose their preferred approaches,
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which of course may influence adherence. It is relevant to consider how outcomes may
be different when the interventions are delivered in a free-living environment, and this is
especially important if they are considered as feasible options to be included as part of
public health recommendations. This study was intended to test whether approaches such
as HIIT, IF and Paleo diets could be effective if implemented following a single
education session, representing how current exercise and nutrition guidelines are often
delivered in primary care.
While study participants were free to choose the exercise and diet approach of their
choice, there were very few differences detected between the groups at baseline, which
enabled valid comparisons of outcomes to be made between intervention groups. While
the lack of randomisation does mean there could have been unknown variables
influencing both choice and outcomes, extensive baseline testing would have identified
any likely confounding variables. With the exception of the sex difference in terms of
diet preference (which does not influence outcome measures, which were adjusted for
sex), baseline characteristics showed only minor inconsistent differences in some
psychological variables. While the intent was to describe the effect of the interventions
on self-chosen cohorts, the groups were sufficiently similar that the outcomes could be
compared to each other in an appropriate manner.
It is possible that there was complex interplay present between exercise and nutrition
choices, and while statistical modelling intended to account for this, residual confounding
may have existed, as altering exercise and nutrition habits simultaneously could have
unexpected effects on adherence and outcomes.

6.2

Key findings and implications

In this study, there was moderate uptake of HIIT by overweight but otherwise healthy
adults in preference to conventional exercise recommendations, demonstrating that HIIT
was perceived as a feasible alternative by non-athletic people with generally low levels
of cardiovascular fitness. The medical evaluation prior to the exercise interventions
indicated that pre-participation screening did not identify up to one in five participants
who required further medical assessment before performing high intensity exercise. This
is important, given that HIIT appears to be a popular option, so it is increasingly likely
that it will be attempted by individuals who are overweight or obese. Our finding supports
current ACSM guidelines that unless healthy and habitually active, medical evaluation is
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recommended.240 It was shown that almost all of our overweight and obese participants
could perform sufficiently intense HIIT during the initial supervised intervention session,
suggesting that the vigorous nature of HIIT is not a barrier to its effective performance,
even by those unaccustomed to exercise. However, without ongoing supervision,
adherence to regular HIIT sessions declined rapidly, with only a small proportion of
participants still showing evidence of HIIT performed at least twice weekly at 12 months.
Poor adherence is usual for unsupervised exercise programmes,71 but it had been
suggested that the small time-commitment required for HIIT would improve adherence
rates.89 However, in this study, less than one in four participants met the criteria for full
adherence throughout the trial, so for the majority, HIIT could not be successfully
sustained. Regardless of adherence, the recommendation to undertake HIIT three times
per week did not lead to any overall differences in weight, body composition, physical
activity, aerobic fitness or blood indices after 12 months, when compared to those who
opted for 30 minutes of daily moderate intensity continuous exercise. This may suggest
that the majority of HIIT participants did not alter their physical activity habits
sufficiently to lead to measurable changes. It should be noted that recommending HIIT
also did not lead to a reduction in overall physical activity levels or any worse outcomes
compared with standard recommendations. In combination, these findings suggest that
HIIT is a potential alternative exercise option, that does not appear to be harmful. Those
who remained adherent to HIIT were more likely to be leaner males, and these
participants did show significant reductions in weight, visceral fat and glycemic control
in contrast with those who did not continue with HIIT. While only a minority successfully
maintained regular HIIT over 12 months, this provides valuable evidence that the
physiological benefits seen in laboratory studies can be translated into real-world
improvements, at least for some people.
Intermittent fasting was the preferred dietary option in this study, with the majority of
male participants selecting this dietary approach. Despite the initial popularity of this
diet, it did not lead to any greater weight or fat loss and even had small adverse effects
in terms of lipid profile and glycaemic control when compared with the Mediterranean
diet after 12 months. Our use of a single education session to explain how intermittent
fasting worked and provision of a detailed resource reflects the real world application of
intermittent fasting. Given the modest outcomes, it seems likely that adherence to energy
restriction was variable, and that the inferior metabolic outcomes may represent poorer
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food choices. While intermittent fasting has been touted as an effective alternative for
those unwilling to make consistent changes to the diet, in practice it may be that energy
restriction without a focus on selection of healthy foods may enable weight control but
not metabolic benefits. No differences were observed between the Paleo and
Mediterranean approaches in terms of weight loss or metabolic measures after 12 months.
This is perhaps not surprising given there are many similarities between these diets, both
emphasising unprocessed whole foods. While adherence was likely to be quite variable,
recommending the reduction of grain-based foods and vegetable oils in the Paleo diet did
not lead to any obvious differences in outcomes.

It seems likely that any diet

recommending selecting minimally processed foods is likely to have a similar impact,
with the food group selection being of less importance. A higher systolic blood pressure
was seen at 12 months in the Paleo group. While this may be an isolated finding, in theory
it is possible that those opting for Paleo consumed more protein in favour of plant-based
foods, or reduced foods such as legumes. This is consistent with existing evidence that
inclusion of plant-based foods is important for control of blood pressure,188,221,253 and
those choosing to undertake Paleo diets could consider including potassium rich plant
foods such as beans. The reduction in anxiety scores experienced by the Paleo group at
12 months was unexpected but of significant magnitude. While again only a single
finding, diet is known to impact on mood and psychological well-being, and the Paleo
diet does encourage red meat and whole plant food selection - early evidence suggests
these are factors that could have a positive influence.255,257,259
It has been argued that alternative diets such as fasting and Paleo would be difficult to
tolerate over the long term. The small observed changes in outcomes reflects that this is
most likely true, but perhaps not more so than conventional approaches. Participants did
not rate the diets differently in terms of ease, simplicity or expense after 12 months,
however it is possible that those who did not complete the study experienced more
difficulties with tolerating the diets. While it seems intuitive that different diets will suit
different people, choice of dietary approach did not obviously lead to any large
improvements. There was no convincing evidence in this study that recommending
intermittent fasting or restricting certain food groups led to any consistent changes in
eating behaviour or disordered eating. While some changes in sub-scores of intuitive
eating behaviour and eating restraint were observed, overall scores were not significantly
different between the groups. This finding provides some evidence for the safety of these
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approaches, indicating that for most people, intermittent fasting and Paleo diets do not
obviously promote disordered eating patterns.

6.3

Recommendations for future research

It is apparent that these novel approaches to exercise and diet can be effective for some
people, but when chosen under free-living conditions, long-term adherence remains an
issue for the majority of people.
6.3.1

HIIT

Given that a proportion of participants in this study did show benefits from HIIT, future
work should focus on strategies that will enable people to adhere to this form of exercise.
The use of RPE as a guide to achieving sufficient intensity proved simple and effective
for those participants who chose to maintain HIIT participation. However, for most
people, a single intervention without any ongoing supervision was not sufficient for them
to maintain their exercise programme. As good adherence is apparent in well supervised
programmes,131 we need to ascertain what minimum pragmatic level of support that will
lead to meaningful levels of long-term adherence that results in health benefits. Potential
strategies to improve HIIT adherence could include periodic supervision of HIIT
performance or incentivising regular participation. It is well recognised that social
aspects of exercising are important for adherence, so testing the effectiveness of HIIT
when undertaken in group programmes or social sports seems appropriate and pragmatic.
Taking a wider perspective, it could be considered whether short bursts of regular
exercise could be better implemented as a necessary daily activity for people, for example
by altering infrastructure so brief periods of high intensity exercise become largely
unavoidable. Possible ways to do this could be by altering work and school environments,
reducing car parking and making lifts less accessible, so people would need to regularly
climb stairs.
Undertaking HIIT safely remains an issue for an increasingly inactive and obese
population. The risks of HIIT are minimised when people are habitually active,240 so any
further work to effectively increased physical activity levels will be of benefit to improve
overall safety during exercise. The cardiovascular risks associated with HIIT are still not
fully described, as current risk evaluation is based on continuous vigorous exercise rather
than intervals,133 so it is possible that HIIT may actually be a lower risk activity. Future
work that measures cardiovascular events in large groups of people undertaking interval
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training is necessary to better represent the actual safety of HIIT, and this should be done
in clinical populations who are most likely at the highest risk, and could benefit the most.
6.3.2 Dietary approaches
Again, a single dietary intervention recommending intermittent fasting did not result in
many of the benefits seen in controlled trials, so further research is needed to determine
how best to assist people to adhere to fasting over the long term. Fasting may conceivably
be easier to maintain once greater metabolic flexibility (the ability to adapt fuel oxidation
to availability) is achieved. If people are initially adapted to a lower carbohydrate intake,
it is possible that fasting would lead to a rapid switch to fat oxidation, with less subjective
feelings of hunger and be better tolerated. Further work could examine whether
intermittent fasting proves more effective in conjunction with a lower carbohydrate and
higher fat diet. Given that fasting appeared equivalent to the mediterranean diet in terms
of weight control, fasting could still be a viable option for those wishing to reduce body
fat, but future studies of fasting should also be undertaken with an emphasis on selection
of nutritious foods during non-fasting periods.
The possible effect of the Paleo dietary approach on anxiety is of interest and warrants
further investigation. Further studies of diets could be undertaken to delineate whether
selection of certain food groups alters mental health outcomes. More extensive
psychological measures should be utilised to gain a greater understanding of any possible
effects.
In summary, HIIT is a suitable addition to current exercise guidelines, although for most
overweight inactive people, prior medical evaluation should be undertaken for safety
screening. While many people will not adhere to HIIT without ongoing supervision, those
who do choose to regularly perform HIIT are likely to benefit in terms of fat loss and
metabolic improvements. There is not yet good evidence that intermittent fasting and
Paleo diets lead to better outcomes in the real world, but if implemented with a focus on
overall selection of nutritious minimally processed foods, they may still be useful
alternative approaches for healthy eating and weight control.
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High Intensity Interval Training (HIIT) is a different way of exercising than what you might be used to – when you go for a walk 30 minutes a day, 5 times a week for
example.
With HIIT, you exercise at a very hard level – but only for a few seconds or minutes at a time. In total, most HIIT sessions will take less than 10 minutes to
complete from start to finish!
HIIT is a form of exercising that might suit people who would like to get
the benefi ts of exercise but in the shortest possible time. You can do HIIT
in your house, outside, or at a gym.

What sort of exercise can I do for HIIT?
HIIT is short but very hard! This means it has to be a type of exercise that
quickly gets your heart pumping very hard. Usually this means you have
move large muscle groups quickly or against gravity (i.e. up a hill).
You can choose how to HIIT from:
• Walking as fast as you can, or running, up stairs or a very steep hill
• Sprinting – you can do this anywhere, like a park, grass verge, around the back yard
• Exercise equipment if you have access to it: a stationary bike, cross trainer or rowing machine are all good
• Swimming
• Exercises that can be done at home:
• step up onto a box (make sure that it is really stable)
• jump two feet together onto a box
• star jumps
• burpees
• high knee running
• any exercise that uses most of your body and is very hard to do within seconds: look online for inspiration
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You do not have to stick to the same type of exercise for every session,
choose what you feel like.

Questions:
Q: Does it work?
A: Yes – all forms of HIIT have been shown in the laboratory to improve fitness. In
addition, the harder you work, the larger your gains in fitness.
Q: Is HIIT good for me?
A: HIIT has been shown to improve fitness, maybe even more than conventional
exercise. It may also improve other markers of health, like your blood sugar control.
Some people believe it may also help with controlling your appetite and there may
be other benefi ts we don’t know about yet.
Q: Is HIIT safe?
A: We have made sure that you are suitable for HIIT training with the measurements
we took at baseline. All of the research on HIIT has indicated that it is safe for
healthy people. However, if you should experience any chest pain, persistent
shortness of breath or lightheadedness while exercising, stop and seek urgent
medical attention. With all forms of exercise, musculoskeletal injury is possible,
especially if you are not used to it. Take it easy for a start and don’t forget a gentle
warm up and cool down.
Q: What if I’m not well?
A: Don’t do a HIIT session if you are unwell.
Q: Do I need to change my eating behaviour for this kind of training? A: We
recommend not doing HIIT on a full stomach! You don’t need to eat or drink
anything extra afterwards, unless you’re thirsty. Water is fine.
Q: Do I need to stretch?
A: We don’t recommend stretching before you are warmed up as it can actually
cause problems if your body is not warm. You can stretch after your HIIT session,
but only if you want to.
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Q: How much of a warm-up and cool-down do I need to do?
A: The purpose of the warm up is to get the heart pumping blood to the muscles, and
to make the body warmer. Normally a few minutes of brisk activity should do this
– just use the type of exercise you’ve chosen for your intervals or a brisk walk. If
you completely stop exercising straight after a hard interval, some people feel a bit
light headed, so another few gentle minutes at the end is also recommended.

How often should I do it?
You should aim to do 3 HIIT sessions a week.

Extra for those who need a challenge:
Add another 2 interval/rest cycles so you do 5 x 30 seconds of high intensity
intervals. Remember each interval should be as hard as possible!

Tell me how I do a HIIT session?

Option 3: Reduced Intensity HIIT

Option 1: HIIT for beginners

This is a slightly gentler option for those who fi nd they don’t like exercising to
their absolute maximum. It takes slightly longer.

(for those who are very unfit or not used to exercise)
Total time: 6-8 minutes (up to 60 seconds hard exercise)
• Warm up for a couple of minutes of gentle exercise e.g., walking
• Go as hard as you can for 10 seconds
• Recover for a few minutes
• Repeat the 10 second burst
• Recover with a couple of minutes gentle activity
Increase the high intensity intervals up to 15 seconds in the 2nd week.
Increase the high intensity intervals up to 20 seconds in the 3rd week.
When you feel okay with this, add an extra interval so you are doing 3 x 20
seconds of high intensity bursts in each session.
When you are comfortable with this, you can try one of the more challenging
options!
Remember that you are going as hard as you can during the HIIT part of the
exercise.

Option 2: Classic HIIT
Total time: 11-15 minutes (1.5 minutes hard exercise)
• Warm up for a few minutes
• Exercise as hard as you possibly can for 30 seconds
• Spend the next 3.5 minutes recovering
• Repeat the 30 second interval twice more, so you do 3 x 30 second intervals
in total
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• Warm down with a few minutes of gentle activity

Total time: about 10-15 minutes (3-5 minutes hard exercise)
Target Heart Rate =
To do the intervals in this kind of HIIT, you still need to go hard, to what you feel
is about 90% of your hardest effort - this is about 80% of your maximum heart
rate, but we will show you how to work this out. At this level you are still
working at high intensity, but not quite at the “as hard as possible” level.
• Warm up for a minute or two
• Increase your activity to a hard level that you feel you can maintain for 60
seconds
• Rest for 90 seconds
• Repeat this so you do 5 x 60 second intervals.
Option for beginners: start with 3 intervals
Extra challenge for experts: go all the way up to 10 intervals

Option 4: All at once HIIT
Total time: 5-6 minutes (4 minutes hard exercise)
Target Heart Rate =
• Warm up for a minute or two
• Exercise at about 90% of your absolute hardest for 4 minutes without
stopping - this is at about 80% of your maximum heart rate, but we will
show you how to check this
• Recover at a lower rate for a few minutes
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Background
Overweight and obesity affect almost two-thirds of
New Zealand adults and rates continue to climb in
some ethnic and demographic groups [1]. The
inability of many individuals to lose significant
weight by themselves or for most to keep it off is
due to a myriad of factors including making
changes to lifestyle that are too drastic and
therefore not sustainable, the widespread
availability of energy-dense foods and sedentary
past-times, changes to work and leisure-time
energy expenditure, and insufficient support
structures [2, 3]. However, considerable debate
and confusion also exists in both lay and scientific
literature regarding whether there is an “optimal”
dietary composition for weight loss [4]. Lowcarbohydrate diets in particular have long been
purported to have metabolic and clinical
advantages over other dietary patterns [5–7]. It
makes mechanistic sense that lower carbohydrate
diets could promote greater weight loss, principally
because of a reduction in insulin levels reducing the
storage of body fat [8]. However, at the practical
level, recent meta-analyses suggest little
difference in weight and health outcomes between
diets differing quite markedly in macronutrient
composition, particularly over time frames longer
than 6 months [9–13]. Instead, a far more relevant
factor appears to be the degree of adherence to
the prescribed diet [11, 14, 15], an aspect that is
insufficiently measured [16].
Such findings have led expert groups to
recommend that the most suitable diets are not
those that include a specific nutrient composition
per se, but rather ones that entail moderate energy
restriction which participants are willing and able
to follow long-term [17]. It is becoming clear that
several acceptable dietary patterns that differ
quite markedly in terms of macronutrient
composition are suitable for weight loss. The more
important question then becomes how best to
encourage and support long-term compliance with
one, or more, of these patterns [18]. However,
while adherence to dietary change is viewed as a
cornerstone of non-communicable disease
prevention and management [19], little practical
guidance is available identifying which specific
factors enhance adherence to dietary advice [3].
The short-term nature of most studies, marked
differences in terms of how adherence is assessed,
and overall low trial quality limits firm conclusions
being drawn about the most efficacious factors [3].
Strong social support is considered an important
adjunct to successful weight loss or maintenance

[20]. The use of personalised support with nutrition
and activity specialists is known to be effective
[21], however it is expensive and rarely accessed.
Alternative forms of low-intensity but regular
support, delivered by nonspecialists can result in
similar benefits, at a fraction of the cost [22]. Brief
monthly support, such as is found in many
commercial weight loss programmes, also appears
to maintain weight loss better over 2–3 years than
other forms of support including interactive
websites and self-directed control [23]. However,
because such support cannot continue indefinitely,
and ongoing development of innovative
technology, determining the efficacy of other, lowcost strategies is currently of great interest [24].
Self-monitoring of weight, food intake and/or
activity levels has been shown to be one of the
most effective strategies employed for successful
weight management [25]. However, monitoring of
food and activity is timeconsuming and adherence
dramatically declines over time [26]. The advent of
mobile “apps” may offer a more effective way of
monitoring food/ activity patterns due to instant
feedback of a wealth of information [27]. While
self-monitoring strategies are a common
component of the myriad of commercially
available apps [24], whether they are effective at
encouraging behaviour change has rarely been
examined, despite their widespread use [28].
Although the top five self-monitoring apps each
have a user base of more than 10 million people
[28], only one appears to have been tested in a
clinical trial [29]. Laing et al. [29] recently
demonstrated that use of MyFitnessPal alone, with
no accompanying dietary or exercise advice, did
not produce significant weight change over 6
months in comparison with usual care. The
apparent lack of effect may be due in part to the
sharp declines in adherence to app use after the
first month [29]. Perhaps this is not surprising given
that the response of individuals to self-monitoring
can vary considerably, ranging from the “welldisciplined” who endorse this approach, to those
that have “diminished support”, where other coexisting factors take precedence [30].
Compared with monitoring of diet or activity,
monitoring of body weight is both straightforward
and quick. Although weekly or monthly weighing
has
traditionally
been
recommended,
observational studies suggest that daily weighing
may promote weight loss better than less frequent
weighing [31–33]. However, few studies have
examined the efficacy of daily self-weighing in
comparison to less frequent weighing via
randomised controlled trials. Steinberg et al. [34]
reported a weight loss of 6.6 % over a 6-month
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period in the daily weighing group compared with
only 0.4 % in wait-list controls. It may be that more
frequent weighing offers further advantages;
Oshima et al. [35] demonstrated that twice-daily
weighing resulted in greater weight loss than oncedaily weighing in a small group of overweight
adults. How these changes related to changes in
actual body composition is unknown, but
important given that it is widely acknowledged that
fat loss, rather than weight loss, provides the key
health benefits [36]. Whether such frequent
weighing produces adverse psychosocial effects is
a matter of concern. However, the limited data to
date suggest that no adverse effects, and
potentially even some benefits, have been
observed, at least over 6–18 months [37–39].
One of the major barriers to effective weight
management is that we eat for a variety of complex
and interrelated reasons other than hunger,
including taste, social interaction and emotional
cues. Observational studies demonstrate that
many environmental and situational cues influence
our eating [40], but those who eat in response to
hunger, recognise satiety signals, and give
themselves unconditional permission to eat foods
of their choosing (intuitive eaters), are more likely
to be a healthy weight than those who do not [41,
42]. While people can be trained to eat more
intuitively (in response to hunger and satiety),
whether this increases weight loss relative to other
techniques remains uncertain [43, 44]. An
alternative type of hunger training has been
suggested, where subjects are trained over a few
weeks to identify actual (physiological) hunger by
connecting the physical feelings of hunger with
blood glucose levels [45]. This training has been
shown in one small study to produce significant
weight loss compared with a conventional
approach which required constant dietary restraint
[46]. Whether this approach is a viable way of
training individuals to eat to their appetites
requires further examination, particularly in terms
of its ability to work over longer time frames.
Testing the effectiveness of different support
strategies should theoretically occur with all
participants following the same diet. However, we
know that one of the major difficulties in trials
which randomise people to follow specific dietary
patterns is that any particular diet cannot possibly
suit every individual, which undoubtedly influences
adherence. Behavioural choice theory posits that
outcomes are improved when participants receive
the treatment they prefer [47]. It thus seems
feasible that tailoring a diet on the basis of
individual personal and cultural preferences (i.e.
choice) may therefore have the best chance for

long-term success [48], perhaps through
enthusiasm, a better fit with their overall lifestyle,
or supporting personal autonomy. However,
whether choice of intervention group versus
randomisation affects adherence and outcomes in
weight loss studies has been examined
infrequently, and the findings do not generally
support the theory [49]. There was no evidence of
a difference in outcomes from having a preference
for a certain intervention in terms of group versus
individual treatment [50], low fat versus low
carbohydrate diets [51], or choice of commercial
diet programme [52]. The remaining study found
significantly greater weight loss in those
randomised to a diet than in those who were
allowed to choose a diet, although clinically
important weight losses were observed in both
groups [53]. However, many of these studies were
relatively small and were unable to provide precise
estimates of effects [50, 52, 53], or lasted less than
one year [50]. Thus further examination of the
impact of being able to choose which diet or
activity plan to follow is warranted, particularly
given the high drop-out rates typically observed in
randomised controlled trials of dietary
interventions. This is particularly true given under
real-world conditions, people seeking to lose
weight select their own dietary and/or physical
activity approach(es). Moreover, in reality,
switching between weight loss strategies will occur
even when a particular approach has been
suggested by a health professional or within
randomised trials.
Two promising and popular dietary approaches,
despite relatively little research around their use in
humans, include paleolithic diets and intermittent
fasting. Paleolithic diets are based on evolutionary
principles and include meat, fruit, vegetables and
nuts/seeds while eschewing grains, dairy, and
processed foods. Early small studies have provided
encouraging results [54–56]. However, whether
overweight adults can adhere to paleolithic-type
diets in the longer-term requires study.
Intermittent fasting is usually defined as normal
food intake 3–5 days a week and dramatically
reduced intake (down to 2 MJ from typical intake
of 8–10 MJ) for 2–4 days. Anecdotally this is
believed to be much easier than reducing energy
intake by a smaller amount (usually 2 MJ/day)
every day, which forms part of the current
guidelines. While a wealth of animal data supports
the effectiveness of intermittent fasting for weight
control [57], research in humans is less certain [58].
However, the small amount of data available does
show modest evidence of effectiveness for
treatment of obesity and cardioprotection [59, 60].
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Exercise produces more successful weight loss
than dietary change alone [61, 62], seems
particularly important for weight maintenance [63]
and has many additional health benefits, over and
above that relating to energy balance. Regular
physical exercise is associated with an approximate
halving in the risk of cardiovascular disease [64],
can decrease the incidence of diabetes by up to 50
% as part of lifestyle counselling [65], and even
decrease insulin resistance in those with
established metabolic syndrome [66]. However, a
major public health challenge is how best to
encourage people to be physically active on a
regular basis. Although evidence that regular
physical exercise is beneficial is overwhelming [67],
adherence remains a major issue [68], with lack of
time often cited as a major barrier [69]. Thus there
has been increasing interest in ascertaining the
minimum amount of exercise required that might
produce effective health benefits. An alternative to
meeting moderate to vigorous physical activity
(MVPA) guidelines may be the promotion of high
intensity interval training (HIIT). In HIIT, brief
periods of high-intensity exercise are interposed
with recovery periods at a much lower intensity
[70]. Although HIIT regimes typically include 10
minutes or so of intense exercise performed three
times per week, as little as 3 minutes of intense
exercise per week has been shown to produce
cardiovascular and metabolic improvements [71,
72], although effects on body composition are less
certain [73]. Although HIIT holds promise, virtually
all research to date has been conducted in the
laboratory and it is uncertain whether these
findings will translate into community settings. If
people cannot complete HIIT by themselves, its
efficacy as a public health approach is very limited.
Whether participants can adhere to a HIIT training
regime longterm is also not currently known.

Aims and objectives
The goal of our study is to determine whether
allowing participants to choose from a selection of
appropriate diet and exercise plans, within the
context of a randomised controlled trial evaluating
four different support strategies, enhances
adherence and promotes greater weight loss and
positive health outcomes. Giving people the choice
of which diet and exercise regime is best
incorporated into their particular lifestyle is
expected to improve adherence, reflects realworld conditions, and is consistent with the lack of
evidence for meaningful differences between diet
modalities. Acknowledging this concept in
conjunction with testing different support

strategies offers a unique opportunity to
determine how best to support individuals to make
dietary and exercise changes under real-world
conditions.
The primary aim of our study is to determine the
effectiveness of different support strategies
(control condition, brief support, daily selfweighing, app use, hunger training) on weight loss
at 12 and 24 months. Secondary aims are to
determine:
(i) the effect of different support strategies on
body composition, dietary intake, exercise,
inflammatory markers, blood lipids and
lipoproteins, adiponectin, ghrelin, and
psychosocial indices at 12 and
24 months
(ii) the degree of adherence to each of the
supportstrategies over the 24 months
(iii) the degree of adherence to each of the diet
(Mediterranean, intermittent fasting, modified
Paleo)
and
exercise
(current
recommendations, HIIT) plans that are
selected over the 24 months and the
outcomes within these self-selected
groups.

Methods/Design
Study design
The Support strategies for Whole food diets,
Intermittent Fasting and Training (SWIFT) study is
a 5-arm randomised controlled trial testing the
effectiveness of different support strategies for
encouraging appropriate behaviour change for
effective weight management. Participants will be
randomised to one of the five groups for a 12month intervention, with further follow-up at 24
months (Fig. 1) to determine whether any changes
have been sustained. The primary analysis will be
modified intention to treat (using all available
data) and will focus on the outcomes resulting
from the different support strategies (RCT
analysis).
The trial has been approved by the University of
Otago Human Ethics Committee (H14/024) and is
registered with the Australian New Zealand Clinical
Trials Registry ACTRN12615000010594. Written
informed consent will be obtained from all
participants before randomisation.

Participants and recruitment
Recruitment will occur by advertisement (flyers,
newspapers, email distribution lists) and word of
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mouth and interested people will be directed to
complete an online screening questionnaire. They
will be deemed eligible to attend a screening
appointment if they indicate that they are at least
18 years of age, their self-reported body mass
index (BMI) is greater than 27, they have internet
access, they intend to remain in the local area for
the duration of the 2-year intervention, and if
female, they are not planning to become pregnant
in next two years nor are currently breastfeeding,
and have no history of cardiovascular or other
serious medical conditions. Presence of symptoms
suggesting undiagnosed heart disease and current
medication use will be reviewed by medical staff.
Further exclusions will occur for diabetes mellitus
type 1 and 2, endocrine disorders, systemic
inflammatory diseases and musculoskeletal
disorders preventing exercise. People with stage
one hypertension, dysglycaemia and mild
controlled asthma will be potentially eligible.

Screening appointment
Potentially eligible participants will attend a
screening session following a 12-hour overnight
fast. Duplicate measurements of height, weight,
and systolic/diastolic blood pressure will be
undertaken using standard techniques and
venepuncture blood samples will be collected by a
registered nurse. Participants will complete a
comprehensive baseline questionnaire, and be

instructed on how to complete a 3-day weighed
diet record over the next week. Participants will
also wear an Actigraph accelerometer for 7 days

and nights to assess physical activity and sleep
during the same time period. Further exclusion
criteria will be applied at this point: measured BMI
less than 27, fasting blood glucose greater than 7
mmol/L (if randomised to hunger training, fasting
blood sugars consistently above 7 mmol/L would
result in difficulties for the participant to adhere to
hunger training guidelines), systolic BP greater
than 160 mmHg or diastolic BP greater than 100
mmHg
(because
they
require
medical
management for their hypertension). All
participants will also undergo a dual-energy x-ray
absorptiometry (DXA) scan at baseline (see
outcome measures).
Exercise safety screening

All participants will undergo medical screening by
questionnaire to allow identification of those at
higher risk of an adverse event during exercise.
High-risk participants with known or likely occult
heart disease will be excluded. Participants who
choose high intensity regimes will be individually
medically assessed and be stratified into
categories of risk for cardiovascular events as per
American College of Sports Medicine/American
Heart Association (ACSM/AHA) guidelines [74].
Participants who are considered to be in a
moderate-risk category who wish to participate in
high-intensity exercise programmes will have a
focussed medical examination, as per current
ACSM guidelines.

Choice of diet and exercise plan

If a participant is eligible and has completed all
baseline assessments, they will be provided with
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information on each of the possible three dietary
and two exercise approaches, and allowed to
choose which might suit them best.
Their choice of dietary approaches will be:
1) Mediterranean – High amounts of fruit,
vegetables and wholegrain cereals, moderate
amounts of protein (particularly from fish),
nuts (up to 30 g per day), olive oil and dairy
foods, and limited amounts of processed and
sugary foods. Calorie counting will not be
required
(unless
randomised
to
MyFitnessPal), but energy intake should be
reduced by appropriate levels through
promotion of appropriate foods and serving
sizes.
2) Modified paleolithic – Strict paleolithic diets
remove all processed and cereal-based foods,
legumes and dairy products which we believe
is not sustainable for most overweight people
long-term. Participants who choose this diet
can decide to remove these foods; but we will
also suggest they follow an 80:20 rule where
up to one serving of dairy products, legumes
and appropriate low glycaemic index,
wholegrain carbohydrates are allowed each
day.
We believe this still fits the paleolithic
philosophy while promoting greater longterm adherence through flexibility. Calorie
counting will not be required (unless
randomised to MyFitnessPal), but energy
intake should be reduced by appropriate
levels through promotion of appropriate
foods and serving sizes.
3) Intermittent fasting (5:2 plan) – Participants
choose two days per week (any days, not
consecutive, can vary from week to week to
fit lifestyle) where energy intake cannot
exceed 2 (females) – 2.5 (males) MJ. In
practice, this usually means a small breakfast
(e.g. plain porridge), no or limited food during
the day, and non-starchy vegetables only for
the evening meal, although other variations
are possible.
Participants can eat ad libitum on the
remaining

days.

The

choice

of

exercise

approaches will be from:
1) Current New Zealand guidelines –
recommend that participants engage in “at
least 30 minutes of moderate intensity
physical activity on most if not all days of the
week. If possible, add some vigorous exercise

for extra health benefit and fitness”
(http://www.health.govt.nz/ourwork/preventativehealth-wellness/physicalactivity). Standard printed resources available
from the Ministry of Health will be used for
counselling with this group. Typical
recommended activities include walking
briskly, exercise classes, and gardening but no
mention is made of HIIT type activities (brief
sessions of very high intensity exercise).
2) Home-based high-intensity interval training
(HIIT) – Those choosing HIIT attend a private
1-hour training session which includes
focused medical evaluation and HIIT training
(cycle ergometer) using rating of perceived
exertion in combination with heart rate
monitoring. This typically includes 3 intervals
of durations of up to 30 seconds, including
two maximal sprint intervals. Fitness is likely
to vary amongst participants at baseline, so
clinical judgment is required to adapt the
initial training of participants who have low
baseline cardiorespiratory fitness or other
significant issues influencing exercise
tolerance. However, it is intended that all
participants
experience at least one observed interval that
achieves 80-90 % of their estimated
maximum heart rate which allows the
participant to recognise the required
intensity, and for further identification of any
undisclosed cardiac symptoms. Participants
then use heart rate monitors to record
unsupervised HIIT sessions for another week,
ensuring further confirmation that the
required intensity is being achieved. Training
and resources are then provided outlining
how HIIT can be achieved at home.
Four different protocols are provided
including a “beginners” HIIT protocol (e.g. 10
second intervals at 90 % intensity repeated
3–5 times), and then three harder options.
These include maximal
(90 % maximum heart rate) and submaximal
(80 %) options, involve a variety of interval
lengths
(e.g. 30 seconds to 4 minutes), and number
of repeats (3–10 times) [70, 72, 75, 76]. In
general, participants will be encouraged to
gradually increase their HIIT from a
beginners level to ultimately being able to
complete three approximately 15-minute
(allowing for warm-up and cool-down)
sessions of HIIT each week following one of
the submaximal or maximal options. A
variety of possible exercises are suggested
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including sprinting, stair climbing, exercise
equipment such as exercycles or rowing
machines, and activities such as star jumps,
burpees and the like, as long as it is “exercise
that uses most of your body and is very hard
to do within seconds”. Partictipants could
also choose to do high intensity sports
sessions that involved sprint intervals, or use
commercial gym-based HIIT classes as
acceptable alternatives.
An additional resource will be provided to all
participants which focuses on evidence-based
behavioural weight loss strategies known to be
successful, including stimulus control, problem
solving, stress reduction and dealing with negative
thinking [77].
Randomisation

Once participants have chosen their diet and
exercise approach, randomisation will occur using
sequentially numbered opaque sealed envelopes
prepared by the statistician. The participants will
be stratified by sex and random length blocks will
be used to allocate the treatment. Participants will
then be booked into their first intervention
session.
Intervention groups and sessions

1) Control – those randomised to the control
condition will meet with research staff to
discuss which diet and exercise options would
suit them best. They will also receive the
resource detailing the evidence-based
behavioural weight loss strategies noted
above. They will then be left to their own
devices for the remainder of the study (except
for attending all outcome assessments).
2) Regular brief support – Participants in this
group will attend an appointment at the study
clinic once a month to be weighed. During this
time they will have the opportunity for a 5–10
minute conversation with research staff to
assess progress, review and brainstorm
solutions to problems if any exist, and
encourage adherence. These sessions are
modelled on our successful HEAT study and
provide an opportunity for support and
ongoing assistance with strategies [22].
3) App – Participants in the app group will attend
an appointment to learn how to use
MyFitnessPal to monitor their energy and
macronutrient intakes. They will be provided
with assistance in setting up their
MyFitnessPal account to be compatible with
their chosen diet, and will be shown how to

use the app on their smartphone and/or
computer. Participants will be asked to
monitor their dietary intake every day for the
first month, and for one week of every month
for months 2–12.
4) Daily self-weighing – Individuals randomised
to this group will receive instruction and
support about weighing themselves every day
(same time of day and degree of clothing).
Participants will text their weight or enter it
online using a web page connected to our
secure database each day which will have a
graphical display. Progress and adherence to
entering/ sending weight data will be checked
every week and reminder texts sent where
necessary. Every month, research staff will
provide personalised progress feedback and
support by email.
5) Biochemical hunger training – This group will
follow a 4-week protocol that trains them to
recognise “real” (biochemical) hunger by
associating feelings of hunger with blood
glucose levels following fingerprick testing
with portable glucometers. Our protocol is
based on that of Ciampolini et al. [45] but
adapted slightly
following piloting. In the original method,
participants are only able to eat if blood
glucose is less than 4.7 mmol/L [45]. Our pilot
testing showed that use of an individualised
blood glucose cut-off (average of fasting
blood glucose over two days) rather than 4.7
mmol/L improved adherence to testing and
reduced eating when blood glucose was not
below the cut-off [78]. Before every desired
eating occasion, participants will be
instructed to note their intensity of hunger on
a 100mm visual analogue scale and their
measured blood glucose. If their blood
glucose is higher than their personal cut-off,
they are advised to engage in some other
activity as a distraction and wait at least one
hour. At this time, they assess their feelings of
hunger again and repeat the measurement if
they still want to eat, until their blood glucose
is under their individualised cut-off. Over
time, participants learn to relate physical
feelings of hunger with their blood glucose
and to eat only when physically hungry.
Participants will be advised to follow this
procedure for two weeks. In weeks 3 and 4,
the blood glucose testing is optional, but all
other recording (intensity and type of hunger,
and resulting food intake) continues.
Participants will be in regular contact with
support staff, who will advise them how to
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proceed, answer any queries and provide
encouragement. In months 2–12, participants
will be advised to repeat the recording
process (with or without fingerprick blood
glucose testing) for one week of every month.
Outcome assessments

Outcome assessments will occur at 0 (baseline), 6
(midpoint of intervention), 12 (end of intervention)
and 24 (end of follow-up) months as shown in
Table 1. Adherence measures are more frequent as
outlined elsewhere.
Anthropometry and body composition

All measures (except DXA) will be obtained in
duplicate by trained assessors blinded to support
group allocation. If duplicate measures differ by
more than 1 %, a third measurement is obtained
and the median is used as the final value. Height
will be measured by fixed stadiometer
Table 1 Timing of outcome assessments in the SWIFT
study*
Outcome

Month
0†

6

12

Height

x

Weight§

x

x

x

Bioimpedance

x

x

x

DXA scan

x

Blood pressure

x

Blood samples

x

3-day diet record

x

x

x

Accelerometry

x

x

x

Aerobic fitness

x

x

x

Questionnaires

x

x

x

x
x

x
x

Demographics

x

Personality

x

Resilience

x

Dieting and weight history

x

Intuitive eating

x

x

x

Dutch eating behaviour questionnaire

x

x

x

Depression, anxiety, stress

x

x

Disordered eating

x

x

Self-monitoring

x

x

x

Self-efficacy

x

x

x

x

x

Satisfaction with diet and exercise
*Two

visits are required at each time point in order to
complete all measurements †0 refers to baseline
§More frequent weights will be available for those in the regular brief
support and daily self-weighing groups but these are for adherence
measures rather than outcomes

(Heightronic, QuickMedical, WA, USA) and weight
by electronic scales (Tanita BC-418) with
participants wearing light clothing and no shoes.
Waist circumference will be measured at the
narrowest point between the lower costal border
and the top of the iliac crest by non-elastic tape.
Body composition will be measured by segmental
Bioelectric Impedance Analysis (BIA, Tanita BC418) at each time point and by dual energy x-ray
absorptiometry (Lunar Prodigy) at 0 and 12
months only. Measures of systolic and diastolic
blood pressure will be obtained using an
automated sphygmomanometer (Omron Model
HEM-907).

Blood tests
Blood samples will be collected from participants
by a registered nurse following a 12-hour
overnight fast. High-sensitivity CRP will be
measured using a CRP Unimate kit from Roche
Diagnostics on a Cobas Mira Plus Analyzer (Roche),
Interleukin-6 by using Quantikine ELISA Kits (R&D
Systems) following the instructions provided by
24
the
manufacturer,
adiponectin
by
radioimmunoassay (Linco Research, St Charles,
MO,
USA), ghrelin (active) by immunoassay
x
(Human
Gut Hormone Panel LINCOplex Kit, LINCO
x
Research, St. Charles, MO, USA), and plasma total
cholesterol (TC), HDL cholesterol (HDL-C), and TG
x
concentrations
by enzymatic methods using a
Cobas
Mira
Plus
Analyzer. LDL cholesterol (LDL-C)
x
will
x be calculated using the Friedewald formula
[79].
x

x
Diet,
physical activity and fitness
x

Participants will complete a weighed 3-day diet
record (one weekend day, two week days) with
energy and nutrient intakes calculated using Kaiculator (University of Otago, 2011). Physical
activity (counts per minute and intensity
categories)
and sleep duration and timing
x
(minutes,
bed
time, wake time) will be measured
x
using ActiGraph accelerometers (GT3X, ActiGraph,
x
Pensacola, FL) worn around the waist over 7 days.
x
Participants
wear the accelerometers for the full
24-hour
periods, which provides both sleep and
x
activity
data and lowers the chance of missing data
x
from participants not remembering to reattach the
x
accelerometer straight after waking. Aerobic
fitness will be evaluated by estimating
participants’ VO2max, using the YMCA submaximal
cycle ergometer test [80].
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Questionnaires
Demographic information (age, sex, education,
ethnicity, employment, income, household
structure) will be obtained at baseline using the
relevant New Zealand census questions
(http://www.stats.govt.nz/Census).
Other
questionnaires to be completed at baseline only
include the Ten-item personality inventory [81]
which gives broad scores for the ‘Big Five’
personality dimensions, the Brief Resilience scale
[82] which assesses the ability to bounce back or
recover from stress, and the Dieting and weight
history questionnaire [83]. Questionnaires
completed at baseline, and repeated at 6, 12 and
24 months (not all measures at all time points) will
include the Intuitive Eating scale [84] which
measures the tendency to follow hunger and
satiety cues when eating, the Dutch Eating
Behavior questionnaire [85] which evaluates
dietary restraint and emotional and external
eating, the Depression Anxiety Stress scale
(DASS21) [86], a well-accepted short measure of
depression, anxiety and stress, the Disordered
Eating questionnaire EDE-Q [87] investigating
restraint and concerns about eating, shape and
weight, a selfmonitoring questionnaire [39],
assessing how often they weigh themselves and
track their eating and physical activity, selected
questions on perceived benefits, self-efficacy and
enjoyment of physical activity, self-efficacy for
health eating and behavioural skills used for
weight management [88] and satisfaction with the
dietary and exercise approaches chosen.

Adherence
Adherence to support strategies will be assessed as
follows:
Brief support: attendance at monthly sessions.
App use: frequency, consistency, and
comprehensiveness of food recording during first
month (daily) and for one week every month for
months 2–11 inclusive.
Daily-self weighing: by the number of daily
weights recorded in the database.
Hunger training: analysis of the 4-week booklets
in month 1 and the weekly recordings for months
2–12 the percentage of times participants
measured their glucose before eating, and only ate
if blood glucose was lower than the personal cutoff.
Adherence to the dietary regimes will be
measured using the 3-day diet records. Those

choosing to follow intermittent fasting will
complete a 4-day diet record at 6, 12 and 24
months to allow collection of two fasting and two
non-fasting days. Adherence to the exercise
regime will be measured by the accelerometers. In
addition, HIIT participants will wear a Polar RC3
GPS heart rate monitor during all home HIIT
sessions for a one-week period at baseline, 3, 6, 9
and 12 months to evaluate intensity attained
during the sessions.
Statistical analyses and power calculations

Based on a standard deviation (SD) for baseline
weight of 15 kg, and a correlation between repeat
measures of r = 0.90 (obtained from our previous
studies involving similar populations), our study
has 90 % power using a two-sided 5 % level of
significance to detect a clinically important
difference in change in body weight of 4 kg
between any pair of groups with 42 participants
per group. While this may be viewed as a large
difference, anything smaller does not really
represent a difference of any importance between
strategies. Thus we will recruit 250 participants in
total across the five groups which allows for 15 %
drop-out/unusable data. Fifty per group at baseline
also provides 80 % power to detect differences of
5 cm in waist circumference (baseline SD 12, r =
0.80).
The primary analysis will follow modified
intention-totreat principles (using all available
data) and will compare the outcomes resulting
from the five different support strategies (RCT
analysis). Linear mixed models will be used to
model outcomes at 6, 12 and 24 months after
adjusting for baseline values. Standard mixed
model diagnostics will be performed. Although this
analysis does not take diet and exercise choice into
account because meta-analyses show there is little
difference in outcomes from different treatments,
further analysis adjusting for diet and exercise will
be considered.
However, because participants do have choice
over which diet and exercise plan they would like
to follow, we are able to investigate the data in a
number of ways. The baseline data will allow a
cross-sectional analysis to assess the popularity of
approaches among participants and then to
examine what it is about people that lead them to
choose to follow these different diet and exercise
approaches (subject to sufficient numbers
choosing each approach). Once the RCT analysis
has been completed, we will be able to undertake
a cohort analysis to determine whether adherence
differs for each of the different diet and exercise
approaches, subject to sufficient numbers making
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that particular choice, and how this differing
adherence affects our study outcomes of interest.
All analyses will be performed using Stata 13.1 or
a later version with all statistical tests performed at
the two-sided 0.05 level.

Discussion
Despite continued debate regarding which diet is
best for weight loss, it is becoming increasingly
apparent that a variety of possible diets, ranging in
macronutrient content, are suitable healthy
options [17]. A more pressing issue thus becomes
determining how best to support people to follow
one of these approaches [89]. Determining
whether high-intensity exercise can be a viable
public health approach to improving weight and
health is also warranted, particularly given an
intriguing recent finding that MVPA is more
consistently associated with body weight than is
diet quality [90]. The SWIFT trial aims to compare
five (including a control group) different ways of
helping people to follow one of several possible
dietary and exercise combinations, a choice that
we believe should enhance adherence and thus
success with weight management. We believe our
trial offers a pragmatic way of assessing whether
simple support strategies, that require limited to
no expert involvement, are viable ways for
overweight adults to successfully manage their
weight over a two-year period.
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Objective: To determine the effectiveness of
various monitoring strategies on weight loss,
body composition, blood markers, exercise,
and psychosocial indices in adults with
overweight and obesity following a 12month weight loss program.
Methods: Two hundred fifty adults with BMI
27 were randomized to brief, monthly,
individual consults, daily self-monitoring of
weight, self-monitoring of diet using
MyFitnessPal, self-monitoring of hunger, or
control over 12 months. All groups received
diet and exercise advice, and 171
participants (68.4%) remained at 12 months.
Results: No significant differences in weight,
body composition, blood markers, exercise,
or eating behavior were apparent between
those in the four monitoring groups and the
control condition at 12 months (all P 0.053).
Weight differences between groups ranged
from 21.1 kg (23.8 to 1.6) to 2.2 kg (21.0 to
5.3). However, brief support and hunger
training groups reported significantly lower
scores for depression (difference [95% CI]:
23.16 [25.70 to 20.62] and 23.05 [25.61 to
20.50], respectively) and anxiety (21.84,
[23.67 to 20.02]) scores than control
participants.
Conclusions: Although adding a monitoring
strategy to diet and exercise advice did not
further increase weight loss, no adverse
effects on eating behavior were observed,
and some monitoring strategies may even
benefit mental health.
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Introduction
One of the strongest predictors of success in
healthy lifestyle interventions is the practice
of monitoring progress (1). Although a
variety of monitoring options exist, they are
normally part of a suite of behavior
strategies, making it difficult to isolate the
importance of individual components (2).
Brief, regular monitoring in the form of faceto-face counseling has long been part of
effective weight loss (3), albeit with
inconsistent findings (4). Because such
support can be costly, determining the
effectiveness of self-monitoring approaches
is warranted. Self monitoring of dietary
intake is a well-established behavior for
effective weight loss (5), but sustainability is
poor because adherence declines rapidly (6).
While
dietary tracking
apps
like
MyFitnessPal are popular, they have seldom
been assessed in isolation, and results are
conflicting
(7,8). Daily monitoring of body weight
offers a simple strategy (9); however, few
trials have investigated its efficacy as a
stand-alone behavior strategy (9). Finally,
because eating to appetite is important for
effective weight management (10), selfmonitoring of hunger symptoms may be
appropriate. However, monitoring hunger
might be challenging for some individuals
with overweight if their sensitivity to hunger
signals is impaired (11). Blood glucose
monitoring may be a feasible biomarker of
hunger (12) and effective for weight loss
when combined with self-monitoring of
hunger symptoms (13).
1

However, there is concern that regular
progress monitoring might be detrimental for
psychological health (14). A recent metaanalysis indicated that regular self-weighing
appears safe in terms of mood, body image,
and disordered eating (15). However, the
effect of dietary self monitoring, particularly
app based, on psychological health has not
been examined, despite the widespread
popularity of dietary tracking apps.
The aims of this study were to determine the
effectiveness of different monitoring
strategies (face-to-face, diet, weight, or
hunger monitoring) on weight (primary
outcome), body composition, blood pressure,
biochemical markers, mental health, diet,
exercise, eating behavior (secondary
outcomes), and adherence to each of the
monitoring strategies at 12 months.

Methods
The SWIFT study (Support strategies for
Whole-food diets, Intermittent Fasting, and
Training) was a 12-month, parallel,
randomized controlled trial examining the
effect of four monitoring strategies in
relation to no monitoring (control group; see
Supporting Information Figure S1). As a
protocol paper has been published (16), only
necessary details are provided here. The trial
was approved by the University of Otago
Human Ethics Committee (H14/024) and
was registered with the Australian New
Zealand
Clinical
Trials
Registry
(ACTRN12615000010594).
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Participants (250 adults, over 18 years of age,
BMI27 kg/m2, regular Internet access, living
locally) were recruited between November
2014 and April 2015. Exclusion criteria were
diabetes or fasting blood glucose7 mmol/L
(difficult to follow hunger training);
medicated,
moderate,
or
severe
hypertension; pregnant or breastfeeding, or
planning to conceive within the trial period;
previously had a diagnosis or symptoms of
cardiovascular disease or other serious
medical conditions; taking medications that
affect weight or body composition; or
another household member already enrolled
in the study. Written consent was obtained
from all participants, and they did not receive
a stipend.
Participants were randomized to one of five
monitoring groups using random length
blocks after stratification for sex by the offsite statistician. Allocation was concealed
using opaque, sealed envelopes. Research
assistants
assigned
participants
to
interventions and scheduled appointments.
Those delivering or receiving the
intervention could not be blinded, but all
outcome assessments were performed by
researchers blinded to group allocation. The
biostatistician used uninformative group
codes until primary analyses were
completed.
Intervention

All participants (including those in the
control group) were able to choose one of
three possible dietary plans and one of two
exercise programs they wished to follow
(Supporting Information Figure S1). All five
groups received the relevant diet and
exercise advice in one face-to-face session
(30-45 minutes) at baseline. These were
delivered by trained researchers (nutritionist,
dietitian, medical doctor) who advised
participants on how to follow their chosen
diet (three options available) and exercise
(two options) plans. Extensive resources
www.obesityjournal.org

were provided for each diet and exercise
plan, plus a comprehensive resource
outlining several behavioral weight loss
strategies (17).
The three possible diets were chosen due to
popularity (18), weight management
effectiveness (19-21), and diversity in
composition. The Mediterranean diet
includes high amounts of fruits and
vegetables, olive oil, legumes, nuts, seeds,
and whole grains; moderate amounts of fish,
dairy, and wine; and low amounts of red
meat, refined grains, and foods with added
sugar (20). The Paleo diet eschews grains,
legumes, and dairy products, but does not
limit meat intake (21). Intermittent fasting
does not prescribe specific foods but rather
limits energy intake on 2 days per week to 2
(females) or 2.5 (males) MJ, with ad libitum
intake on the remaining 5 days (19). Those
following the Mediterranean and Paleo diets
were not provided with a kilojoule restriction
unless they were randomized to the
MyFitnessPal
group.
Instead,
these
participants were encouraged to use portion
control and were provided with appropriate
food-based recommendations.
Similarly, participants selected whether they
wanted to follow current exercise
recommendations (30 minutes of moderateintensity exercise at least 5 days a week (22))
or high-intensity interval training (vigorous
exercise performed for brief intervals
interposed with recovery periods (23), 5 to
15 minutes in total, 3 times per week).
Participants were randomized to one of four
monitoring groups or to the control group.
While all participants received the relevant
diet and exercise advice at baseline, those
randomized to the control group were not
provided with any monitoring strategies.
Participants in the brief support group (faceto-face monitoring) attended monthly
individual meetings where they were
weighed and could discuss ongoing
successes and challenges. Sessions each
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lasted 10 to 15 minutes and were modeled on
a successful earlier study (3).
Participants in the daily self-weighing group
(weight monitoring) were asked to weigh
themselves at the same time every day
(usually first thing in the morning).
Participants texted their weight to the
researchers each day or entered it online in
our secure database, which displayed a graph
of their weight history. Monthly emails
provided personalized feedback and
encouragement.
Participants in the MyFitnessPal group (diet
monitoring) were asked to track their diet
using the MyFitnessPal app or website. An
account was made for each participant
according to their characteristics (age,
weight, activity level) and nutrient goals
from their chosen diet. Participants were
asked to track their dietary intake every day
for the first month and for 1 week every
month during months 2 to 12.
Participants randomized to hunger training
(hunger monitoring) were required to test
their capillary blood glucose (finger prick)
by portable glucometer (Freestyle Optium
Glucose Meter, Abbott Diabetes Care, Inc.,
Alameda, California) every time they wanted
to eat for the first 2 weeks. If their blood
glucose was less than or equal to their
individualized cutoff (average of fasting
blood glucose from days 1 to 2), they could
eat; otherwise, they were advised to retest in
1 hour if still hungry. Blood glucose
monitoring was optional for the remainder of
the trial. Participants were asked to complete
a booklet all year in which perceived
intensity of hunger was reported before and
after every eating occasion on a 100-mm
visual analogue scale (anchors: “not at all
hungry,” “extremely hungry”). Participants
also recorded whether their hunger was
stomach (physical need for food), mouth
(eating for taste or pleasure), or heart (eating
for nonphysical reasons) hunger (used with
permission
from
Craving
Change,
www.cravingchange.ca) and recorded brief
www.obesityjournal.org

details of food consumed. After the first
month of daily hunger training, participants
were asked to complete their booklets for 1
week every month. Those in hunger training
visited the clinic for two follow-up sessions
in the first month to ensure understanding of
and compliance to the monitoring strategy.
Outcome measurements

Outcome assessments were obtained at
baseline and at 6 and 12 months. Measures of
height (baseline only) (Heightronic Digital
Stadiometer,
QuickMedical,
Issaquah,
Washington), weight (BC-418, Segmental
Body Compostion Analyzer, Tanita, Tokyo,
Japan), and waist circumference (nonelastic
Lufkin tape, Sparks, Maryland) were
obtained in duplicate, or triplicate if required
(24). BMI was calculated (kg/m2). Body
composition was assessed by dual energy xray absorptiometry (Lunar Prodigy V16.0,
GE Medical Systems, Wisconsin) at 0 and 12
months only. Blood pressure was measured
in
duplicate
with
an
automated
sphygmomanometer (Model HEM907,
Omron Healthcare, Kyoto, Japan).
At baseline, participants
completed
questionnaires on demographics using
relevant New Zealand census questions
(stats.govt.nz/Census) and a dieting and
weight history questionnaire (25). At each
time point (unless noted), participants
completed the Intuitive Eating Scale-2 (26)
to assess their tendency to follow appetite
cues; the Dutch Eating Behavior
Questionnaire (27) to evaluate dietary
restraint and emotional and external eating;
the Depression Anxiety Stress Scale (28) to
gauge mental health (0 and 12 months only);
the Eating Disorder Questionnaire (29) to
investigate restraint and concerns about
eating, shape, and weight (0 and 12 months
only); and a self-monitoring questionnaire
(30) to assess how often they weighed
themselves and tracked their eating and
physical activity.
Obesity | VOLUME 00 | NUMBER 00 | MONTH 2017

232

Original Article
Obesity
CLINICAL TRIALS AND INVESTIGATIONS

TABLE 1 Baseline characteristics of the sample
Control
n

Daily weighing

MyFitnessPal

Brief support

Hunger
training

48

51

50

51

50

Female, n (%)

30 (62.5%)

32 (62.8%)

31 (62.0%)

31 (60.8%)

31 (62.0%)

Age (y)

46.7 (11.4)

46.1 (11.4)

44.4 (10.2)

40.6 (9.9)

40.7 (10.8)

School only
Postsecondary

9 (18.8%)
16 (33.3%)

10 (19.6%)
12 (25.3%)

11 (22.0%)
11 (22.0%)

9 (17.7%)
11 (21.6%)

10 (20.0%)
13 (26.0%)

University

23 (47.9%)

29 (56.9%)

28 (56.0%)

31 (60.8%)

27 (54.0%)

NZEO
Maori

41 (85.4%)
5 (10.4%)

45 (88.2%)
4 (7.8%)

46 (92.0%)
3 (6.0%)

43 (84.3%)
5 (9.8%)

45 (90.0%)
1 (2.0%)

Pacific

1 (2.1%)

1 (2.0%)

1 (2.0%)

0

4 (8.0%)

Asian

1 (2.1%)

1 (2.0%)

0

3 (5.9%)

0

Weight (kg)

91.0 (14.9)

96.8 (16.6)

99.1 (17.3)

96.4 (14.4)

95.9 (17.0)

Height (cm)

167.7 (8.2)

170.6 (9.3)

171.9 (10.2)

170.8 (9.9)

170.3 (9.5)

BMI (kg/m2)

32.3 (4.3)

33.2 (4.8)

33.5 (4.5)

33.0 (4.1)

33.0 (4.3)

Waist (cm)

99.8 (11.0)

102.7 (12.8)

103.2 (14.4)

101.3 (10.9)

100.4 (13.0)

5.5 (0.7)

5.6 (0.7)

5.6 (0.6)

5.5 (0.6)

5.4 (1.1)

124.3 (15.6)
78.1 (10.3)
28.8 (8.0)
361 (100)
35 (72.9)

124.9 (14.0)
80.0 (10.0)
27.4 (5.2)
310 (119)
41 (80.4)

124.6 (17.5)
77.9 (10.6)
29.9 (6.9)
338 (118)
43 (86.0)

122.7 (15.1)
78.5 (8.7)
29.2 (7.3)
325 (117)
38 (74.5)

123.4 (15.4)
78.2 (10.2)
29.9 (7.2)
336 (145)
34 (68.0)

Education

Ethnicity

Fasting glucose
(mmol/L)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Estimated VO2 max (mL/kg/min)
Accelerometry (CPM)
Previously dieted, n (%)

Values are mean (SD) unless otherwise indicated.
Abbreviations: CPM, counts per minute; NZEO, New Zealand European
and Others.

Blood samples were collected from
participants by a registered nurse following a
12-hour
overnight
fast.
HbA1c
concentrations were measured by enzymatic
methods using kits and calibrators supplied
by Roche Diagnostics on a Cobas Mira Plus
Analyzer (Indianapolis, Indiana). Highsensitivity C-reactive protein (CRP) was
measured using a CRP Unimate kit on a
Cobas Mira Plus Analyzer. Plasma total
cholesterol,
high-density
lipoprotein
www.obesityjournal.org

cholesterol, and triglyceride concentrations
were measured by enzymatic methods using
a Cobas Mira Plus Analyzer. Low-density
lipoprotein cholesterol was calculated using
the Friedewald formula (31).
Diet, physical activity, and fitness were
assessed at all three time points. Diet was
measured using 3-day weighed diet records.
Food intake was converted to energy and
nutrient intakes using Kai-culator software
(University of Otago, Dunedin, New
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Zealand), which used the New Zealand Food
Composition
Database
(http://www.foodcomposition.co.
nz/).
Participants
wore
a
waist-worn
accelerometer
(GT3X,
ActiGraph,
Pensacola, Florida) for 1 week to enable
measurement of physical activity. Moderateto-vigorous physical activity was defined as
all activity505 counts per 15 seconds (32).
Participants
completed
the
YMCA
submaximal cycle ergometer test to estimate
VO2 max (33).
Adherence to each monitoring strategy was
assessed as the percentage of days the
strategy was adhered to, divided by the
recommended number of days, yielding an
adherence score from 0 to 100.
Statistical analysis

The study was designed to have 90% power
to detect differences in weight of 4 kg
(assuming standard deviation [SD] of 15 kg
and a correlation between repeat measures of
r50.90), using a two-sided test at the 0.05
level (n542/group), with n5250 in total after
allowing for 15% loss to follow-up (16). The
analysis was based on intention to treat with
participants included in analyses if they had
at least one subsequent weight measure.
Mixed models, with a random effect for
participant and adjusted for age, sex, and
relevant baseline value, were used to analyze
the data. No adjustments were made for
multiple comparisons. Some outcomes were
not collected at 6 months, in which case
linear regression adjusting for age, sex, and
baseline was used to estimate the differences
between the treatments. The results are
presented as differences (95% CIs) between

Figure 1 Participant flow through the study.
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groups. All analyses were performed using kg, 25.1 to 20.8, P50.008) or MyFitnessPal
Stata 13.1 (StataCorp LLC, College Station, (23.2 kg, 26.4 to 20.1, P50.046)
Texas) or a later version. In an additional
analysis, missing values for weight were
imputed using chained equations. The model
included observations for sex, age, weight,
waist, support group, diet group, exercise
group, and baseline characteristics; 50 data
sets were generated using 300 burn-ins, or
iterations for the Markov chain Monte Carlo
sequence to reach stationarity, for each set.

Results
Table 1 demonstrates that the groups were
broadly comparable. Participant flow is
illustrated in Figure 1; 204 participants
(81.6%) completed the 6-month assessment,
and 171 participants (68.4%) completed the
12-month assessment. Participants who
dropped out of the study were younger
(P50.003) and more likely to be female
(P50.011) and of Pacific ethnicity (P50.015),
whereas no significant differences were
observed in terms of baseline weight
(P50.685), BMI (P50.175), education
(P50.122), or retention across intervention
groups (P50.139).
Table 2 demonstrates that although all
groups lost weight, there were no significant
differences at 6 or 12 months between any of
the monitoring groups and the control group
(all P0.084). Similar patterns were observed
for BMI, waist circumference, body
composition, and blood pressure (all
P0.053). Notably, all the comparisons with
the control group excluded a difference of 4
kg, the minimally important difference the
study was designed to detect. Further
analyses showed that adjusting for the diet
and exercise group did not alter the outcomes
(data not shown). Table 3 indicates that
participants in the hunger training arm lost
more weight than those in brief support (22.9
www.obesityjournal.org
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TABLE 2 Effect of the intervention on weight, body composition, and blood pressure compared with the control group

Group

n

Mean (SD)

n

Mean (SD)

n

Mean (SD)

6 monthsa

12 monthsa

Weight (kg)
Control

44

90.2 (14.4)

44

87.3 (14.5)

36

87.3 (15.2)

Daily weighing 48

97.5 (16.9)

48

94.6 (16.5)

39

94.8 (18.7)

0.3 (21.5 to 2.2)

0.8 (22.1 to 3.7)

MyFitnessPal

42

99.9 (16.4)

40

96.2 (17.1)

36

97.9 (18.4)

0.7 (22.3 to 3.6)

2.2 (21.0 to 5.3)

Brief support

38

95.6 (12.8)

36

94.2 (12.3)

32

94.2 (12.1)

1.1 (20.9 to 3.2)

1.7 (20.9 to 4.3)

Hunger training 37

96.0 (17.5)

36

91.0 (16.2)

28

89.2 (15.7)

44

32.0 (4.1)

44

30.9 (4.3)

36

30.9 (4.6)

Daily weighing 48

33.4 (4.9)

48

32.4 (4.9)

39

32.1 (5.5)

0.1 (20.5 to 0.8)

0.3 (20.7 to 1.3)

21.8 (23.8 to 0.2)

21.1 (23.8 to
1.6)

BMI (kg/m2)
Control
MyFitnessPal

42

33.1 (4.4)

40

32.2 (4.8)

36

32.2 (4.8)

0.2 (20.8 to 1.1)

0.7 (20.4 to 1.7)

Brief support

38

32.6 (3.6)

36

32.0 (3.8)

32

31.9 (4.4)

0.4 (20.3 to 1.1)

0.7 (20.3 to 1.6)

Hunger training 37

32.6 (4.1)

36

31.1 (4.0)

28

30.8 (4.4)

99.7 (10.9)

44

96.7 (10.7)

36

96.8 (9.9)

103.5 (12.4) 48

99.2 (11.5)

39

100.3 (13.7) 20.6 (22.9 to 1.6)

0.9 (21.6 to 3.6)

20.6 (21.3 to 0.1)

20.3 (21.3 to
0.6)

Waist (cm)
Control

44

Daily weighing 48
MyFitnessPal

42

103.2 (14.5) 40

98.9 (13.3)

36

100.5 (14.0)

0.2 (22.5 to 3.0)

1.4 (21.2 to 4.1)

Brief support

38

100.1 (9.7)

36

98.5 (7.9)

32

98.0 (8.9)

1.4 (20.8 to 3.5)

1.2 (21.0 to 3.5)

100.5 (14.2) 36

96.1 (12.3)

28

95.6 (12.7)

Hunger training 37
Lean mass index (kg)
Control

21.1 (23.4 to 1.1)

20.3 (22.9 to
2.3)

34

52.8 (10.7)

34

51.9 (10.9)

Daily weighing 37

55.9 (13.1)

37

54.2 (13.1)

20.7 (21.9 to
0.5)

MyFitnessPal

35

58.2 (12.3)

35

57.5 (12.6)

0.3 (20.9 to 1.5)

Brief support

32

56.3 (11.9)

32

56.1 (10.9)

0.6 (20.7 to 1.8)

Hunger training 26

52.8 (10.7)

26

51.9 (10.9)

20.2 (21.5 to
1.1)

34

35.5 (9.9)

34

33.0 (10.3)

Daily weighing 37

39.8 (9.9)

37

36.3 (11.1)

20.7 (23.3 to
1.8)

Fat mass index (kg)
Control

MyFitnessPal

35

39.7 (10.7)

35

37.1 (12.3)

0.3 (22.3 to 2.9)

Brief support

32

36.7 (8.4)

32

34.9 (10.5)

0.7 (21.9 to 3.4)

Hunger training 26

37.2 (8.6)

26

32.7 (9.5)

21.9 (24.8 to
0.9)

38.8 (7.8)

34

37.4 (8.3)

Fat (%)
Control
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Daily weighing 37

40.4 (7.0)

37

38.7 (7.9)

20.2 (21.8 to
1.5)

MyFitnessPal

35

39.2 (7.4)

35

37.7 (8.5)

0.1 (21.6 to 1.7)

Brief support

32

38.4 (8.4)

32

37.1 (10.1)

0.2 (21.5 to 1.9)

Hunger training 26

39.2 (6.6)

26

36.6 (8.0)

21.2 (22.9 to
0.6)

Systolic blood pressure (mm Hg)
Control
43

125.8 (14.9) 43

124.0 (14.4) 36

121.1 (15.6)

Daily weighing 48

124.7 (14.2) 48

123.5 (14.7) 39

122.9 (12.7) 20.3 (24.2 to 3.5)

1.7 (22.6 to 5.9)
1.5 (22.9 to 5.8)

MyFitnessPal

42

124.6 (16.9) 40

120.4 (14.0) 36

121.8 (14.5) 22.6 (26.6 to 1.5)

Brief support

38

124.3 (14.8) 36

123.7 (15.2) 32

117.9 (13.4)

Hunger training 37

122.8 (16.0) 36

122.2 (14.3) 28

116.9 (12.6) 20.4 (24.6 to 3.8)

0.1 (24.1 to 4.3) 21.1 (25.6 to
3.4)
20.5 (25.1 to
4.1)

Diastolic blood pressure (mm Hg)
Control
43

79.0 (9.6)

43

78.9 (9.9)

36

76.6 (10.5)

Daily weighing 48

79.9 (10.1)

48

77.5 (9.3)

39

76.2 (8.6)

22.6 (25.6 to 0.4)

21.4 (24.6 to
1.8)

MyFitnessPal

42

78.3 (10.9)

40

75.6 (12.0)

36

77.9 (10.7)

22.8 (25.9 to 0.3)

1.9 (21.4 to 5.2)

Brief support

38

78.8 (8.6)

36

77.2 (9.1)

32

74.6 (8.5)

22.2 (25.4 to 1.0)

21.4 (24.8 to
2.1)

37 77.3 (10.8)

36

75.0 (9.2)

28

73.8 (11.1)

23.2 (26.4 to 0.0)

20.8 (24.4 to
2.7)

Hunger training

Values are mean (SD) unless otherwise indicated.
a Difference refers to intervention relative
to control group.
TABLE 3 Difference in mean weight change at 12-month follow-up across all intervention groups

Differences (95% CI) according to intention to treat (kg)

Differences (95% CI)
after imputation (kg)

Control

0.8 (22.1 to 3.7)

2.2 (21.0 to 5.3)
1.4 (22.1 to 4.8)

1.0 (22.0 to 4.0)

Daily weighing

1.9 (20.8 to 4.6)

1.1 (22.2 to 4.3)

MyFitnessPal

1.3 (21.6 to 4.2)

0.9 (22.2 to 4.1)

20.1 (23.4 to 3.1)

1.7 (20.9 to 4.3)
0.9 (22.1 to 3.9)
20.5 (23.5 to 2.6)

Brief support

21.1 (23.8 to
1.6)
21.9 (25.1 to
1.3)
23.2 (26.4 to
20.1)
22.8 (25.5 to
20.1)

0.8 (22.0 to 3.7) 21.9 (25.1 to 1.2)

23.0 (26.4 to 0.4)

22.9 (26.1 to 0.4)

Hunger training

The values above the intervention group boxes correspond to the difference in mean weight change between the columns and rows at 12 months (e.g., the hunger
training group decreased weight by 3.2 kg compared with the MyFitnessPal group). The values below the intervention group boxes correspond to the differences
calculated after imputation between the rows and columns. Bold font indicates significance at P < 0.05.
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groups. However, these differences were
lower than our clinically important 4 kg
cutoff and were no longer significant after
imputation.
Few differences were observed regarding the
effect of each monitoring strategy on mental
health, disordered eating, or eating behaviors
(Table 4). None of the interventions had
adverse effects on disordered eating,
depression, anxiety, stress, or eating
behaviors compared with the control group.
However, there was a significant
improvement in depression scores in the
hunger training (23.05,
25.61 to 20.50, P50.019) and brief support
(23.16, 25.70 to 20.62, P50.015) groups
compared with the control group and a
similar reduction in anxiety scores in the brief
support group compared with control (21.84,
23.67 to 20.02, P50.048).
On average, participants were engaging in
around 35 minutes of moderate-to-vigorous
physical activity each day, with patterns
remaining fairly consistent across time and
no significant differences between groups (all
P0.076). Similarly, estimated VO2 max did
shown). There was no significant difference
in any of the blood markers (all P0.086),
including HbA1c, CRP, and cholesterol
measures (data not shown). The brief support
group consumed more energy than the
control group at 12 months (difference [95%
CI]: 1,353 kJ [4142,293], P50.005), with no
other significant differences in dietary intake
between intervention groups and the control
group.
As adherence to the strategies was skewed,
medians and interquartile ranges (IQR) were
reported. Participants weighed themselves on
186 of 365 scheduled days (IQR 228.5 days;
52.2% of the recommended days), attended 7
of 11 brief support meetings (IQR 7.5 days;
63.6% of the recommended days), entered
food in MyFitnessPal on 57 of 98 days (IQR
87.8 days; 58.2% of the recommended days),
and filled in an entry in the hunger training
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booklets on 29 of 98 days (IQR 66.3 days;
29.6% of the recommended days). Adherence
to all monitoring strategies decreased over
time (Figure 2).
At baseline, many participants had never
monitored their food intake (61.2%) or
activity (56.4%). Only 7.6% of participants
weighed themselves daily, and one-fifth
(20.8%) never weighed themselves. We
assessed the potential for contamination
between groups by assessing the number in
each group who undertook each monitoring
activity at each time point. Twelve percent of
those assigned to groups other than
MyFitnessPal used an app or website to selfmonitor their diet at 1 year, and 7.6% of those
assigned to groups other than daily weighing
weighed themselves daily at 1 year.
Participants rated their intervention group
from 1 to 10 in terms of how much it helped
them manage their weight (anchors: “not at
all,” “a lot”). The mean (SD) ratings for each
group were as follows: control, 2.9 (2.2);
daily weighing, 5.5 (3.2); brief support, 5.5
(3.1); MyFitnessPal, 5.6 (3.2); and hunger
training, 5.9 (3.0). All four monitoring groups
reported significantly higher ratings than the
control group (P<0.001).

Discussion
Our results demonstrate that adding
monitoring strategies to a single session of
dietary and exercise advice does not produce
additional weight loss at 12 months over and
above receiving the advice alone. Overall,
few differences in metabolic or behavioral
variables were observed across the different
monitoring strategies. However, teaching
people with overweight to eat more in
response to hunger than to external cues and
providing regular brief support did produce
favorable effects on mental health
(depression and anxiety) compared with not
receiving these strategies. Importantly, none
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of the interventions worsened psychological
outcomes.
Relatively few studies have examined the
effectiveness of different monitoring
techniques as standalone strategies to assist
effective weight management. Brief support
is as effective for weight loss as more
frequent support at a fraction of the cost (3)
but may provide no additional benefit over
and above usual care (4,34). Daily
selfweighing is a simple strategy with little
participant burden that is helpful for weight
loss when combined with other behavioral
strategies (9). However, our null findings are
consistent with the limited research base that
has isolated the effect of self-weighing (35).
Despite evidence that monitoring dietary
intake can change behavior (5), our results
indicate that using MyFitnessPal did not
produce significantly more weight loss than
those not using this popular app, supporting
earlier work (7). Only hunger training in our
study had some, albeit a small, effect on
weight, as well as beneficial effects on
indicators of mental health. Interestingly, the
weight losses observed in our hunger training
and control participants mirror those found in
a previous 5-month study (13). Given the
relatively poor adherence to the hunger
training protocol observed over the full 12
months of this study, it would be important to
undertake further work to determine how best
to increase adherence to hunger training if it
is to be an effective obesity treatment.
The relative improvements in depression and
anxiety observed in the hunger training and
brief support groups compared with control at
12 months are intriguing and potentially
important,
given
they
represent
approximately half a standard deviation at
baseline. No previous studies have examined
indices of mental health following hunger
training, but more frequent in-person contact
(such as occurred in our brief support group)
has been shown to be more effective at
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preventing depression than telephone or
email contact (36). It thus seems feasible that
the greater in-person contact of these two
strategies offered more positive social
experiences for participants and contributed
to the mental health benefits we observed.
The rapid decline in adherence seen for all
four monitoring strategies highlights the
difficulty in encouraging adherence, even for
very straightforward behaviors such as daily
self-weighing. Adherence is a challenge even
for the arguably simpler behaviors of taking
medications, which can have nonadherence
rates of around 50% (38). To promote
adherence, interventions likely need to be
tailored to individuals, and the wider
environment must also support the desired
behavior change (39).
The main strength of our study was the ability
to isolate the effect of monitoring as a
behavioral strategy. Adherence to each
monitoring strategy was also assessed based
on actual use rather than selfreport at the end
of the intervention, both of which can
introduce bias (39). Our intervention was
specifically designed to be pragmatic, testing
the effectiveness of monitoring strategies that
could be implemented in primary health care.
Our measured outcomes included the effect
on mental health and eating behavior, which
have seldom been examined in the context of
monitoring strategies. There appeared to be
little contamination between groups, and we
recruited a higher proportion of men than is
typically observed in weight loss studies (40),
which increases the generalizability of our
findings. Limitations included the power to
only detect differences in body weight
between groups of at least 4 kg, the value we
chose to represent clinical significance.
Although a greater number of participants
dropped out of the study than originally
anticipated, our attrition rate of 32% agrees
with the other 12-month interventions (41).
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2. Buscemi J, Janke EA, Kugler KC, et al. Increasing the public health impact of evidencebased interventions in behavioral medicine: new approaches and future directions. J
Behav Med 2016;40:203-213.
3. Dale KS, McAuley KA, Taylor RW, et al. Determining optimal approaches for weight
maintenance: a randomized controlled trial. CMAJ 2009;180:E39-E46.
4. Wadden TA, Volger S, Sarwer DB, et al. A two-year randomized trial of obesity
treatment in primary care practice. N Engl J Med 2011;365:1969-1979.
5. Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of
the literature. J Am Diet Assoc 2011;111:92-102.
6. Yu Z, Sealey-Potts C, Rodriguez J. Dietary self-monitoring in weight management:
current evidence on efficacy and adherence. J Acad Nutr Diet 2015; 115:1931-1938.

This relatively small sample size also means that
those differences in outcomes that we did observe
should be interpreted with some caution, given the
number of statistical comparisons undertaken.
However, we have presented differences with
confidence intervals so that the strength of the
relationships can be evaluated.
In summary, our results show that adults with
overweight or obesity are able to lose and maintain a
small to moderate amount of weight with just one
intervention visit in which dietary and exercise advice
is provided. However, the addition of any monitoring
strategy to this advice did not result in significantly
greater weight loss compared with the provision of
advice alone. Despite lower adherence, hunger
training may be a promising approach for
encouraging weight loss and should be further
investigated. Our research underlines the difficulty of
adherence in obesity treatment, emphasizing the
importance of finding solutions to this complex
challenge.
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