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Thesis Abstract:

Purpose: To compare the effects of iso-time and quasi iso-effort high-intensity interval training (HIIT),
resistance training (RT) or both HIIT and RT (COMBO), all with a low carbohydrate high fat diet
(LCHF) in sedentary and overweight individuals. Methods: 54 adults (18-60 y, M=24, F=30) were
randomised to one of three experimental groups: LCHF+HIIT, LCHF+RT or LCHF+COMBO. For 12
weeks the participants performed their 20 min exercise protocol thrice weekly, while following the
LCHF diet (<100 g CHO, ~1.5g PRO/kg and unrestricted fat intake). Sessions involved 10x1 min of
high-intensity effort (~17 RPE on a 6-20 scale) interspersed with 1 min recovery periods. Target heart
rate for HIIT was 295% HRR whereas for RT, resistance was set @ ~70-80% of maximum, or
approximately 2 repetitions short of failure. Outcomes assessed were body composition, blood

biomarkers, and performance measures.

Results: Adjusted between group differences were analysed with general or generalised linear
models. Improvements in HbAlc were significantly greater for LCHF+HIIT than both LCHF+RT (B=
2.41, p=0.014) and LCHF+COMBO (= 2.58; p=0.005). Body mass reduction was significantly greater
for LCHF+HIIT relative to LCHF+COMBO (3= 1.88, p=0.049). Upper body strength was superior for
LCHF+RT relative to LCHF+HIIT (3= 4.18; p=0.024). Resting metabolic rate (RMR) was greater for
LCHF+COMBO (B= 896.02; p=0.004) and LCHF+RT (B= 690; p=0.024) both relative to LCHF+HIIT.

Otherwise, there were no significant differences between groups observed.

Conclusion: These combinations of LCHF and exercise were similarly effective for improving
cardiometabolic risk factors, potentially due to the high-intensity effort elicited in all three conditions,
and the LCHF.

Keywords: Metabolic Syndrome, VOzpeak, VAT, RMR, Weight loss

Novelty bullets: « LCHF+COMBO or LCHF+RT provide an advantage vs LCHF+HIIT for metabolic
health because RT spares LBM and increases RMR. « RT, HIIT or COMBO were equally effective for
improving aerobic capacity. * RT, HIIT or COMBO + LCHF were equally effective for reducing VAT.
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Introduction

Pharmacological treatments have historically been used to reduce risk factors associated with
metabolic disorders. However, interventions that focus on improving diet and physical activity
(exercise) have been identified to be as effective and are considered the initial treatment for metabolic
disorders (1-3) such as central obesity, dyslipidaemia (raised triglycerides [TG], lowered high density
lipoprotein cholesterol [HDL-C]), raised blood pressure and raised blood glucose (impaired fasting
glucose [IFG] to type 2 diabetes mellitus [T2DM]). They are likely to occur simultaneously in what is
known as metabolic syndrome (MetS) that is defined as having three or more of these risk factors (4).
It is important to acknowledge that MetS is normally used to characterise metabolic health. Metabolic
health could be defined as the ideal state of homeostasis (5), the physiological state when all

parameters are within acceptable ranges (5); in other words, a state of physical wellbeing.

MetS is a very common condition worldwide (6), and it poses an elevated risk for developing
cardiovascular disease (CVD) and T2DM (4). The International Diabetes Federation (IDF) estimated
that worldwide the number of prediabetic people was over 374 million in 2019 and it is estimated to
reach 578 million by 2030, of which the highest number of adults are in the 30-39 year age group (7).
The number of individuals with diabetes worldwide in 2017 was estimated to be 451 million (between
18-99 y) and expected to reach 693 million by 2045 (8).

A feasible explanation for this could be the fact that healthy habits start to decline as we age (9).
Modern lifestyles induce people to prioritise work, and in the process, this leads to bad eating habits
such as relying on nutrient-poor, energy-dense convenience food and fast food. In addition, physical
activity starts to decline, leading to energy imbalances and the appearance of overweight and CVD.
These factors may recreate the appropriate stimuli to trigger metabolic disturbances, especially an
excess of body fat and with it, inflammation. Over time, this can lead to the risk factors of MetS,
including hyperglycaemia, dyslipidaemia, hypertension and increased waist circumference. In addition,
in the last two decades obesity has increased 70% in young adults (30-39 y), making them the most
increased fattest group (10). The presence of MetS and prediabetes themselves increase the
likelihood of CVD, and obviously T2DM, therefore the management of individuals with MetS should be
directed to ameliorate cardiometabolic risk factors and prevent the development of CVD and T2DM (4,
11).



Prevention strategies that target lifestyle behaviours have demonstrated that dietary interventions and
exercise protocols that lead to a lowered glycaemia, lipid levels, and hypertension, etc., promote a
reduction of the relative risk of developing diabetes by 58%, compared to pharmacological treatment
where the relative risk reduction approximates between 25% to 30%, with a more pronounced
reduction in cardiovascular risk (12). It is necessary to highlight that by reducing the risk of T2DM it

also decreases the risk of CVD and as a consequence improves metabolic health (MetS).

Over the years diabetes prevention programmes have demonstrated that non-pharmacological
approaches, diet and exercise, should be favoured to reduce and delay drug therapy. The Action for
Health in Diabetes trial (Look AHEAD trial) (13), was recently terminated after finding no difference
between the pharmacological approach recommended by the American Diabetes Association (ADA)
and an intensive lifestyle treatment intervention that used physical activity and a calorie-restricted low
fat diet (<30% of total energy [TE]) in a type 2 diabetic population with or without a history of CVD. In
alignment with Van Name et al. (14), who also reported a reduction in risk factors after a lifestyle
intervention based on the Diabetes Prevention Programme (DPP) that found weight loss as a
consequence of an intensive lifestyle intervention (ILI), can reduce the progression of diabetes in
adults with prediabetes (15). The Van Name research group conducted a similar programme to that of
the DPP and compared it to the usual treatment for 14 weeks, retesting at 1 year. At the end of that
period there was a difference of 6% in body mass between the two groups that favoured ILI, in
addition to better fasting insulin, and smaller glucose excursions (14). This illustrates the effectiveness
of diet and exercise to improve metabolic health outcomes to the same extent as pharmacological

treatment.

Although it's acknowledged that any general physical activity will result in positive effects on metabolic
health in previously sedentary individuals (16), there are two exercise modalities that have recently
attracted specific attention owing to their potential potency. The first, high-intensity interval training
(HIIT), comprises of work bouts of 10 s to 4 min at >90% VO-max interspersed with low intensity
active recovery period of various durations. Though most exercise in the HIIT condition is aerobic,
periodic excursions involving anaerobic energy pathways force the mitochondria to greater
improvements in exercise capacity, mitochondrial biogenesis (17), enzymatic markers associated with
glycolysis (18), aerobic metabolism and beta ()-oxidation (18). There is agreement that this type of
exercise is suitable and effective at improving health markers in people with prediabetes (19). Another
exercise modality with proven efficacy is resistance training (RT), which has been found to have
clinically and statistically significant effects on MetS risk factors such as obesity, HbAlc levels and
systolic blood pressure, and therefore would also be efficacious in the management of type 2 diabetes
and metabolic disorders (20). Both exercise modalities typically involve higher effort brief work bouts,

with some typically distinctive known responses and adaptations subject to the specifically utilised
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approach. Therefore, it is essential to disentangle whether it is the effort involved, or it is the way the
muscular fatigue is induced which causes the metabolic improvements in order to underpin effective

high-intensity exercise recommendations.

In addition to the training, using a nutritional strategy provides a more effective health strategy than
either one used in isolation (21). The traditional approach has been to combine a low calorie diet and
aerobic resistance training in both (21). However reducing calories may not necessarily improve
metabolic health if carbohydrate content is not considered, which is an influential component in factors

such as glycaemic control, lipid profile and body composition (22, 23).

In terms of specific nutritional approaches regarded as healthy, a low-carbohydrate, high-fat diet
(LCHF), as defined by Feinman et al.(24), providing no more than 26% of total energy intake of CHO,
may be a superior macronutrient distribution to reduce glycaemia and body weight in addition to
improving lipids and inflammation markers (22, 24). A LCHF diet usually favours eating food that is
minimally processed (or ‘whole food’) while discouraging consumption of processed food, and typically
comprises < 100g of CHO per day (in line with Feinman’s definition) a moderate protein intake (15-
25% of total energy), and comparatively higher in fat [50-60% of total energy] (22, 23). This diet has
been referred to as the default diet to treat metabolic syndrome and diabetes due to its reduced CHO
content (24, 25).

Given the known benefits of HIIT, RT, and a combination of these modalities as independently
effective options, it is of interest to determine their relative efficacy, in particular when combined with a
LCHF diet approach. Hence the purpose of this study was to describe the effect of a combination of a
LCHF and HIIT, RT, or combined HIIT and RT (COMBO) in sedentary and overweight individuals at

risk of metabolic disease on a range of metabolic health outcomes.



Rationale and Significance of the Study and Thesis Aims

1)

2)

3)

4)

It is of paramount importance to contribute to the body of knowledge in preventing rather than
treating what is one of the major health issues in public health history worldwide. The MetS is
a cluster of cardiometabolic risk factors which raises the likelihood of developing CVD and

T2DM and it is estimated that one in every 4-5 adults has it (Canale et al., 2013).

Published evidence shows that non-pharmacological preventive strategies are equally, or
more effective in the prevention of metabolic disease especially T2DM (12, 13, 26, 27),
therefore it is logical to provide a potent and novel strategy based on the combination of high

effort/intensity exercise training and diet by means of CHO restriction.

HIIT and RT have been identified as two very potent exercise modalities capable of improving
health to the same extent or more than aerobic exercise training (AET)(28). HIIT improves
cardiorespiratory fitness, glycaemic control, muscular strength, lean body mass, bone mineral
density and decreases insulin resistance, therefore preventing sarcopenia and osteoporosis.
HIIT comprising 60 s; >90% HRmax of high intensity (HI) followed by an active recovery
period of low intensity 50 watts (W) is an exercise strategy that is attainable in contrast to
more demanding all-out versions (29). HIIT forces the mitochondria to greater improvements
in exercise capacity (30), mitochondrial biogenesis (31, 32), enzymatic markers associated
with glycolysis (18), aerobic metabolism and beta ()-oxidation (18, 33). There is agreement
that this type of exercise is suitable and beneficial for inactive individuals with prediabetes,
who are overweight, and patients with T2DM (19, 29, 34, 35). RT is considered the preferred
choice to preserve and stimulate muscle growth (hypertrophy) and develop strength (36, 37).
Also, RT is effective in improving aerobic capacity (38, 39). When RT is combined with aerobic
exercise training (AET) the literature indicates that results are even better than any of these
modalities in isolation (36, 39). Therefore it makes sense to use HIIT in substitution of aerobic
exercise training (AET).

In terms of diet, the low carbohydrate high fat diet (LCHF), has recently been defined by
Feinman et al. (24, 40), as the default diet for treating and improving MetS and T2DM because
the CHO content of the diet is directly responsible for increasing the glycaemic load of any
meal. This translates to an increase in postprandial glycaemia to the same extent of CHO

intake. Research has shown that it may take a superior macronutrient distribution to reduce



glycaemia and body weight while also being effective in improving lipids and inflammation
markers (23, 24, 41-45).

5) Recently, and in agreement with our point of view, it has been hypothesised that combining a
LCHF diet and HIIT would be advantageous since both strategies are complementary to each
other (43). When RT and LCHF have been used in the same intervention it has resulted in a
better body composition, especially preservation of muscle mass (44, 46). These implications
make it necessary to characterise the metabolic responses of a LCHF diet combined with

high-intensity exercise (HIIT and RT or both).

To our knowledge there have been only a few somewhat recent studies in prediabetic subjects
combining RT with HIIT by Alvarez et al. (47-50) showing that intermittent exercise is effective in
producing changes in glycaemic control and weight loss and warrant more research exploring the
effects of HIIT and RT. Both exercise modalities share similar patterns in administering high intensity
anaerobic bouts, but HIIT also includes in some cases an aerobic component which could provide
additional stimuli to reduce glycaemia more effectively by stressing the cardiovascular response. By
contrast, heavy weights RT presents a unique way to engage muscular fibres when resistance is
applied, producing muscular fatigue and a delayed cardiovascular response. Therefore, it is important
to understand if it is just the high intensity as the reason for the improvements, or the way the
muscular fatigue is induced when performing these exercise modalities. It is important to detect if the
combination of HIIT and RT may provide an additive beneficial effect for metabolic health as the
combination of AET and RT. Likewise it is very compelling to know if a LCHF diet used concomitantly
may potentiate improvements in metabolic parameters involved in the pathogenesis of T2DM and
other cardiometabolic diseases.

Consequently, the purpose of this thesis was to compare the efficacy of HIIT vs RT vs HIIT+RT while
following a LCHF diet for « improving MetS parameters; fasting glucose, HbAlc, C-peptide, insulin to
assess glycaemic responses; * HDL-C, LDL-C and TG to assess lipid control; and < C-reactive protein
for assessing inflammation response. < Also, their effect on body mass, lean body mass, fat mass,
visceral adipose tissue for assessing body composition using DEXA, and ¢ ultimately their effect on

metabolic health as assessed using the simple metabolic syndrome (siMS) score.



Thesis organisation

This thesis was designed to produce a cohesive work of investigation aiming to answer the overall
research question. Which combination of exercise training and LCHF diet provides the best effect on
maximising metabolic health parameters?

The specific aims are for Chapter 2 to describe the acute effects of a single exercise session of HIIT
and RT necessary to provide a better understanding of the findings over the 12-week intervention. The
specific aims of Chapter 3 are to identify the additive effects of combining HIIT and RT, and determine
which combination of LCHF and high-intensity training is more likely to be continued after the end of

supervision.

This manuscript has four sections designed to provide a coherent and cohesive body of work on
optimising the health of individuals at risk of metabolic impairment such as Metabolic Syndrome. Its
structure of three parts followed first a systematic review of the literature, investigation for comparing
the acute effects of HIIT vs RT, and the description of training effects to allow the identification of the
best combination of high-intensity training and LCHF diet. The first section (Chapter 1), is a literature
review that is the result of a systematic compilation of the current and past research in this area of
non-pharmacologic strategies for maximising metabolic health. It provides evidence of what has been
produced and informs the gaps in the existing literature which may help the reader to understand the
importance of this thesis. It is important to let the reader know why a narrative approach was favoured
against a meta-analytic review. After scrutinising the literature, it was not possible to identify a
sufficient number of studies using a randomised control trial design nor similar interventions that could
be used to quantify the findings using a meta-analytic technique. This also highlights the lack of
previous studies addressing the hypothesis of this doctoral research.

The experimental chapters (2 and 3) were prepared as individual stand-alone original papers and are
in final preparation for publication to peer reviewed journals. The first experimental section (Chapter 2)
presents the comparison of HIIT and RT performed iso-time and quasi iso-effort. These two
characteristics and the fact that that was conducted after at least six weeks of a combined training
programme and LCHF diet constitutes the novelty of this study. This study was essential to help in
understanding and explaining the metabolic improvements of a 12-week intervention. It covers the
changes in energy expenditure, carbohydrate (CHO) and fat oxidation hormonal responses after a
single session of HIIT and RT.



Chapter 3, the second and final original experimental chapter, presents the comparison of HIIT, RT or
both combined with a LCHF diet. It describes and characterises the metabolic effects of these exercise
modalities over three months, details diet and exercise adherence, physiological responses (heart
rate, aerobic capacity, strength, blood biomarkers and wellbeing) and finishes the results section with
its translation to cardiometabolic risk informing the overall impact of the intervention in metabolic
health. The final section (Chapter 4), merges both experimental chapters in a cohesive manner,
providing an engaging, fluid and immersive discussion that overviews the whole thesis, including a
summary of the key findings, the limitations, practical application and areas for future research. Given
the great interest that prevails in the scientific world, with both health professionals and the general
public, this thesis addresses questions that would allow best practice for the application of HIIT and
RT combined with a LCHF diet for improving metabolic health to be optimised in people at risk of

developing metabolic disease, e.g. type 2 diabetes.



1 Nutrition and Physical Activity (Exercise) for Metabolic Health

Literature/Past Research Review.

Over recent years, nutritional trends for improving metabolic health are showing an increased demand
for the inclusion of the low carbohydrate high-fat diet (LCHF) as a healthy and feasible nutritional
approach (24). In this respect, the latest American Diabetes Association (ADA) position stand of 2019
Lifestyle Management of Medical Care (45), for the first time, presents the LCHF diet as an option for
treating type 2 diabetes mellitus (T2DM). Conversely, at the same time ADA claims the research is not
enough and more is required to establish the benefits of a LCHF diet (51). Despite this claim, there are
several published studies that support the utilisation of a LCHF diet for preventing and treating
metabolic disease including T2DM. Table 1-1 provides evidence showing the efficacy of a LCHF diet
in comparison with a high-carbohydrate low-fat diet (HCLF). From the metabolic markers that are
included (body mass, body fat, lean body mass, waist circumference, total cholesterol, low density
lipoprotein cholesterol, high density lipoprotein cholesterol, triglycerides, triglycerides-LDL-C ratio,
HbAlc, fasting glucose, insulin, HOMA-IR, systolic and diastolic blood pressure, and C-reactive
protein). It is possible to observe that those markers which related to body composition, the
improvements were superior with the LCHF diet, however greater LBM loss seem to also be the case.

However, with the lipids, glycaemic control seems to favour the LCHF diet.

Weight control, diet and metabolic health

The consumption of high amounts of processed foods containing refined carbohydrates (CHO) may be
one of the major factors leading to obesity and metabolic dysfunction (52, 53). This excess leads to
elevated insulin secretion, promoting glucose oxidation, impaired fat oxidation, de novo lipogenesis,
and storage of fat. Thus, becoming overweight is the main acquired challenge to insulin action
according to Ferrannini, Gastaldelli, and lozzo (54); concomitantly, this leads to inflammation, insulin
resistance (55), and oxidative stress (56). The accumulation of visceral fat, also referred to as central
obesity, has been established as an underlying reason for MetS caused by obesity-induced chronic
inflammation (55). Given this relationship, it is not surprising that 80 to 90% of all cases of T2DM are
directly related to overweight or obesity (57, 58). Therefore, if weight loss is achieved it should impact
on glycaemia and reverse many of the symptoms associated with MetS. These factors illustrate that
weight loss in T2DM prevention is one of the most important goals for metabolic control. This rationale
is in line with current guidelines of T2DM treatment (59, 60) that has established weight control as one

of the priority goals of medical nutrition therapy (60).

Recently, investigators from the University of Castilla-La Mancha Spain (61) conducted a study with

138 individuals with metabolic syndrome and central obesity. They assessed the relationship between



the changes in cardiorespiratory fithess (CRF) and the components of MetS after 16 weeks of aerobic
interval training. Their goal was to confirm or contradict the high association between the cardio-
protective effect that confers fithess to overweight-obese individuals, against the CVD risk factors that
define MetS, in contrast to those that do not maintain an adequate level of fithess, known as the ‘fat
but healthy’ paradox (62, 63). At the end of the intervention, Mora-Rodriguez et al. (61) found an
improvement in body mass, mean arterial blood pressure (MAP) and waist circumference while CRF
improved by 16%. This improvement in CRF did not represent a significant predictor of the MetS z-
score changes (r=-0.231; 8= -0.024; P = 0.788); whereas body mass accounted for the 25%
prediction of the MetS z-score improvements (r= 0.508; 8= 0.360; p=0.001). The authors concluded
that the exercise dependent improvements in CRF were not predictive of the amelioration of the MetS
z-score, while a little more than 2% weight loss was found to be a significant contributor for improved
metabolic health risk factors. That led them to recommend that exercise training programmes should

emphasise the need to target weight loss for individuals with MetS.

Another study that underscores the importance of weight management is the one by Vidigal et al. (64)
that explored the prevalence of MetS and its components in a group of 226 health professionals of the
municipality of Vi¢osa, Brazil. Participants were between 20-59 y. A cross-sectional observational
multicentre study in the frame of the LATIN America METabolic Syndrome (LATINMETS) was used.
They found that the overall prevalence of MetS was 4.5%, and it increased with age (20 to 29 years:
1.3%; 30 to 39 years: 5.6%; = 40 years: 26.3%) (p < 0.01). Vidigal et al. were able to observe that the
presence of pre-MetS and MetS was associated with several measures of adiposity, total
cholesterol/HDL-c and LDL-c/HDL-c ratios and serum complement C3 concentrations. The
LATINMETS-Brazil findings were that MetS was more frequent among non-active health professionals
and was present only in individuals who were overweight. The combination of physical inactivity and
obesity were associated with insulin resistance. Also in the Colombian version of the LATINMETS
conducted by Gonzalez-Zapata et al. (65) in a population of 285 volunteers (20 to 61 y) in Antioquia,
Colombia found that the prevalence of MetS in individuals with excess weight was 10 times higher
compared to those with a normal BMI and was also more frequent when individuals were not active.
These two powerful studies depict robust evidence of the importance of addressing weight loss and
fithess to improve metabolic health, as thinner and fitter individuals have the best metabolic outcomes;
however, by no means is being a metabolically healthy obese person protective of developing

metabolic disease (66).

Diet is perhaps the most important factor in weight loss and control (67). For this reason, it has been
the first choice for the prevention and treatment of obesity-related metabolic diseases. Since 1980
when the first dietary guidelines were issued, the maximum recommended upper limit intake of fat for

the general public was set at 30% of total energy for total fat and no more than 10% of total energy for
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saturated fats with the objective to limit energy intake coming from fat (68). There was the firm belief
that it was energy intake coming from the fat and saturated fat in combination with lack of exercise
which was the reason behind the exponential growth of obesity and the rise in heart disease (68).
However, data obtained in the United States, from 1989-1991 and 1994-1996, reports of the trends of
macronutrient intakes in the population indicated that the increased energy intake was caused
primarily by a higher CHO intake (69). Data from National Health and Nutrition Examination Survey in
the USA (NHANES) for 1971-2000 indicated similar trends, with an increase in energy intake mainly
attributable to an increase in CHO intake, being a 62.4 g increase among women (p< 0.010) and a
67.7 g increase in men (p< 0.010). Total fat intake in g increased in women by 6.5 g (p< 0.01 ) and
decreased in men by 5.3 g (p< 0.010) (69). This is in line with the public recommendations to reduce
fat intake, and increase CHO intake, yet did not slow the rate at which the population became

increasingly overweight.

Worldwide, the public health establishment started large nutritional research initiatives to tackle the
problem of excess energy intake leading to cardiovascular disease, but continued with the same
dietary advice given by ADA (70), advocating a diet that restricted caloric intake while maintaining a
high carbohydrate low fat intake (68, 71). Internationally, for more than three decades this has been
the preferred and most common approach for weight and metabolic control for individuals with MetS
and/or at risk of T2DM. A reduced or restricted calorie low fat diet (20-35% TE, with <10% TE of
saturated fatty acids [SFA]), high carbohydrate, rich in fibre and moderate protein (PRO) at

approximately 15% TE macronutrient distribution is recommended.

This macronutrient distribution was used for the major diabetes prevention trials such as the 6y Malmé
feasibility study (72), DaQing IGT and Diabetes Study (73), Finnish Diabetes Prevention (74), and
Diabetes Prevention Program (15). These preventive strategies have been successful in delaying
T2DM, however, the numbers of people with the condition worldwide are still growing (71); in the US
34% of the adult population has MetS (75) which suggests more potent and effective prevention
strategies to contribute to the reduction of newly diagnosed people with T2DM worldwide are needed
(76). This is why the Indian National Dietary guidelines in 2011 introduced a modification in the
amount of CHO that is lower than previous guidelines as an attempt to reduce the incidence of MetS,
T2DM and CVD. In January 2014, the American Diabetes Association (ADA) (60) released the new
dietary guidelines for T2DM. The most sensible change was in relation to the appropriate ratio
between macronutrients; earlier guidelines had always set a fixed range for the percentage of CHO,
PRO and fat, but not this time. The ADA stated that there is no research comparing diets that
conclusively allows determining such values, and as for today, these should be tailored according to
individual characteristics (60). In addition, the ADA is indicating that there are other options, like the

“Mediterranean dietary-style, mono-unsaturated fatty acids (MUFA) rich eating pattern which may
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benefit glycaemic control and CVD risk factors and therefore be recommended as an effective

alternative to a lower-fat higher CHO eating pattern” (60).

Carbohydrate intake: should it be reduced instead of fat?

Carbohydrate (CHO) is probably the most consumed nutrient by far (52, 69); there are a few reasons
for this. Foods containing CHO provide the most ready energy source naturally available and for this it
is considered the main energy source by many (77) despite it providing less than half the energy of fat
by gram of substrate. Also, unprocessed carbohydrate foods (such as vegetables and fruits) are high
in fibre (important for health) and are mineral and vitamin rich foods (78) which also provide
phytochemicals that are emerging as potent nutrients that may be essential for optimal health (79, 80).
Another aspect for consideration is pre-diabetes, also known as impaired fasting glucose (IFG), or
impaired glucose tolerance (IGT) or both (81), which reduces the ability of the body to cope with high
glucose levels after having a large carbohydrate intake. As it is largely asymptomatic, it typically goes
undiagnosed which poses a greater danger of developing T2DM; the projections are that the number
of individuals with prediabetes will reach 398 million by 2030 (81). Worldwide nearly 50% of people
with diabetes live unaware of having their disease (76), showing the magnitude of the problem. This
does not consider, however, carbohydrate quality, and that an excess of CHO triggers a cascade of
metabolic processes that may lead to inflammation (82), the underlying process that leads to
metabolic impairment. Experts in the field of clinical nutrition (82) reported that the growing evidence
underscores the crucial role of CHO intake involvement especially for individuals with diabetes or
metabolic stress, their main conclusions were that excess glucose and fructose exacerbates metabolic
complications in skeletal muscle, adipose tissue, and the liver that can result in a negative clinical
impact. It is concluded that efforts should be made towards defining optimal plasma glucose targets, to
avoid excessive plasma glucose variability and optimising glucose control relative to nutritional support
(82). The best way to avoid excessive glucose supply to the body is by CHO restriction (24, 83).

Song, Song and Song (84) examined the period between 2008 and 2012 and found an association of
dietary CHO and fat intakes with lipid abnormalities in a sample of 14,301 Korean adults (5715 men
and 8586 women) aged 30+ years with no diagnosis and treatment for diabetes, hypertension, or
dyslipidaemia. Dietary CHO and fat intakes were estimated from 24-hour recall data and analysed
using multivariate logistic regression odds ratios. These were computed for lipid abnormalities; that is,
elevated total cholesterol (TC), low HDL-C, high TC to HDL-C ratio, elevated non—-HDL-C, elevated
LDL-C and elevated triglycerides (TG) across quintiles of dietary CHO and fat intakes. They found that

energy from CHO was positively associated with elevated TG and low HDL-C but inversely associated
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with elevated TC and elevated LDL-C in both men and women. An energy-adjusted CHO intake also
showed a positive association with low HDL-C. Dietary fat intakes had the opposite association with
lipid abnormalities. The authors of this study concluded that a high-CHO diet undesirably increased
TG and reduced HDL-C which was concerning, despite the benefit for LDL-C. Dietary strategies
emphasising appropriate macronutrient intakes from the type of lipid abnormalities are recommended
for the prevention of cardiovascular disease in Korean adults. This study is a clear example of the

potentially negative outcomes when a higher CHO diet is advocated.

In 2015 the USDA issued the newly reviewed dietary guidelines for Americans, in which saturated fat
is no longer a dietary constituent of concern (85); prior to this it was targeted for reduction due to its
effects on increasing LDL-C serum levels (and subsequently increasing risk of CVD). More recent
analyses of population data suggest this is not a concern (52). Indeed, there is thinking that a low-
CHO high fat diet (LCHF) also rich in saturated fat may have a deleterious health effect; however,
quite a few studies found no harmful effects despite the increase in LDL-C in healthy adults and
diabetic populations following a LCHF diet.

A LCHF diet has recently been defined by Feinman et al. (24) as moderately low CHO 45% of total
energy; low CHO 30 to 20% of total energy; and very low CHO intake to less than 50 g CHO per day.
The latter have also been termed very low CHO ketogenic high fat diets (VLCKD) as they increase the
production of ketone bodies, such as B-hydroxybutyrate (3-OHB) and acetoacetate, a process
denominated ketogenesis in the liver (86). A LCHF diet usually favours whole food intake while
discouraging consumption of processed food. A LCHF diet typically comprises less than 100 g of CHO
per day, supplying a moderate amount of protein intake (15-25% of total energy), with the rest of
dietary food intake coming from fat (50-60% of total energy) (22, 23). Research has shown that it may
take a superior macronutrient distribution to reduce glycaemia and body weight while also being
effective in improving lipids and inflammation markers (22-24), and that a LCHF diet meets these

requirements.

Hu et al. (87) conducted a meta-analysis of randomised controlled trials that included 23 trials and
accounted for a total of 2788 participants comparing low-CHO (<£45% of energy from CHO) diets and
low fat diets (=30% of energy from fat) and contrasted the effects on metabolic risk factors. They found
that individuals following a LCHF diet had a small but significantly lower reduction in total cholesterol
weighted mean difference, (WMD) 0.15 mmol-L1 0.15 mmol-L* (0.04, 0.26) 95% Cl and LDL-C (WMD)
0.21 mmol-L1(0.06, 0.36) 95% CI, on the other hand did better for increasing HDL-C (WMD) 0.18
mmol-L* (0.11, 0.26) 95% CI and reducing triglycerides (WMD) -0.78 mmol-L* (-1.07, -0.48) 95% ClI.
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Reductions in body mass and waist circumference were similar in both diets. The authors concluded

that LCHF diets are a feasible alternative for weight loss for individuals with metabolic abnormalities.

Mansoor et al. (88) conducted a meta-analysis of randomised controlled trials to assess the effects of
LCHF vs HCLF diets on weight loss and cardiovascular risk factors. LCHF was defined as having a
CHO intake of less than 20% of total energy (20-30 g-day* of CHO during the first phase of the diet),
and a low-fat diet was defined as having less than 30% of total energy of fat intake. Eleven studies,
including a total of 1369 participants, were included in this meta-analysis. Compared with participants
in the HCLF diet, those assigned to the LCHF diet had greater weight and triglycerides reductions
(WMD) -2.17 kg (-3.36, -0.99)95% CI and (WMD) -0.26 mmol-L* (-0.37, -0.15) 95% ClI respectively.
However, HDL-C and LDL-C were increased (WMD) 0-14 mmol-L* (0.09, 0.19) 95% CI and LDL-C
(WMD) 0.16mmol-I (0.003, 0.33) 95% CI respectively. While Mansoor et al. (88) concluded that these
results were indicative of more beneficial changes for those participants assigned to the LCHF diet,
they were cautious to include a warning statement referring to the rise in LDL-C. However, like Hu et
al. (87) and Bueno et al. (89), Mansoor et al. referred to the possibility that these LDL-C particles were

large-sized particles which are less atherogenic (88, 90).

While LCHF diets may improve metabolic markers associated with both CVD and T2DM, these tend to
contain more saturated fat than a HCLF diet. As such, there is much debate on the overall risk of
following a LCHF diet, particularly given the aforementioned rise in LDL-C that has been reported. A
meta-analysis by Siri-Tarino et al. (91) summarised studies which investigated the association of
saturated fat and the risk of coronary heart disease (CHD), stroke and cardiovascular disease (CVD)
in prospective epidemiologic studies. This research uses a random effects model design to calculate
relative risk estimates for CHD, stroke and CVD. A total of 21 articles including 347,747 individuals
were followed between 5 to 23 y. The analysis revealed that 11,006 developed stroke or CHD during
the follow-up and, the relative pooled risk estimate that compared a low saturated fat intake to those
with the highest saturated fat intake was not significant (RR= 1.07 (0.96, 1.19) 95% CI p= 0.220 for
CHD, RR=0.81 (0.62, 1.05) 95% CI p=0.110 for stroke, and RR=1.00 (0.89, 1.11) 95% CI p= 0.950
for CvD). The authors concluded that saturated fat was not implicated in increasing the risk of CHD
nor CVD, therefore the recommendation for future research was that more data is required to calculate
the implications of the specific nutrients used to replace saturated fat. Since the publication of this
meta-analysis in 2010, there have been numerous other studies that have come to a similar

conclusion (92-99).

In another more recent meta-analysis in 2016, Cheng et al. (92), investigated the relationship between

saturated fat (SFA) intake and stroke that included 15 studies, 476,569 participants and a total of
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11,074 suffered strokes. To estimate this relationship, the Log relative risks (RRs) with the associated
95% ClI, were obtained for the highest vs the lowest SFA intake, weighed by the inverse of the
variance method. A reduced overall stroke risk was related with a higher SFA intake (RR = 0.89 (0.82—
0.96) 95 % CI and fatal stroke risk of RR = 0.75 (0.59-0.94) 95% CI). The subgroup analysis
demonstrated a positive association with a greater SFA intake and a reduced stroke risk for a follow
up duration of 2 14 y, and risk of stroke increased with a daily intake of < 25 gd of SFA. Individuals
with longer duration of higher SFA intake and a BMI <24 [RR = 0.75 (95 % CI 0.65-0.87)], seem to
have a lower risk of stroke. It was pointed out that this meta-analysis showed the benefit of SFA
increasing HDL-C in opposition to the elevation of TG observed with high CHO diets which is
associated with an elevation of stroke. The authors concluded that it is difficult to assess the exact
type of fat that confers this protection against stroke. However, it was not possible to know the exact
stroke-reduction of specific subtypes and specific food sources of SFA (i.e. plant vs. animal) therefore
it needed to be clarified in further studies (92, 93).

In a 12-month non-randomised controlled trial, Maekawa et al. (100) looked at the effects of a low
CHO diet (<120 g-day-t) with no other restrictions versus a conventional (control) HCLF diet on
glycaemic control and progression to T2DM. At 12 months the incidence of diabetes was significantly
lowered in the experimental versus the control group (0 vs 13.9% p=0.02) while their glucose levels
and HbAlc were normalised. There was also a reduction of 33 mgedL! in OGTT (p=0.001) and a non-
significant reduction of LDL-C (p=0.26). In addition to a significant decrease in the homeostasis model
assessment of insulin resistance (HOMA-IR) value, body weight and TG were also reduced at 12

months, and there was a significant increase in HDL-C (p<0.001).

In another study, Tay et al. (101) compared a very low-CHO high-unsaturated fat diet, [14% CHO (50
ged?), 28%PRO, and 58% FAT (10% saturated fat)] and a high-CHO low fat diet [energy-matched
53% CHO, 17% PRO, 30% FAT (10% saturated fat)] both combined with supervised aerobic and
resistance exercise (60 min; 3 dewk1) for 52 weeks in a population of type 2 diabetic patients. After the
527 week, both groups had a substantial weight loss and lowered their fasting glucose and HbAlc,
however the LCHF group had achieved the greatest reductions in medications, and had more
favourable outcomes in both lipid profile and blood glucose control, leading the researchers to

recommend this diet for better management of T2DM.

As excess body fat is a risk factor for poor metabolic health, studies that investigate methods to
achieve a reduction in body fat are relevant to the current research. In a meta-regression looking at
the effects of the variation in PRO and CHO intake on body composition, Krieger et al. (102) found that
diets, irrespective of energy intake and exercise participation but lower in CHO content, had better
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weight (fat) loss effects and those richer in PRO had better lean body mass preservation contrary to
the HCLF diet. However, LCHF diets were associated with the loss of fat-free mass; Krieger et al.
proclaimed that it was probably because a lower CHO intake may cause ketosis and the latter
increases water excretion; or maybe because there is lower insulin secretion as the result of reduced
CHO, since insulin inhibits proteolysis (102). This turn down or disadvantage may be an indication that
protein intake should be higher during a LCHF diet and even higher during energy deficit on a weight
loss LCHF diet. In this respect Soenen et al. (103) compared a normal protein [0.8 g of PRT per kg
body weight (BW)1] low fat vs a high protein diet (1.2 g-kg BW-1) and concluded that during weight
loss a higher protein intake is required to preserve initial REE and more pronounced sparing effect of

LBM (103). For this reason, the PRO intake in the present research was set to 1.5 g<kg LBM.

Tobias et al. (104) conducted a systematic literature review and meta-analysis to summarise a very
large body of randomised controlled trials to examine the effectiveness of long term low fat diets vs
usual diet, low CHO diets and other higher fat diets on reducing excess body fat. The long-term effect
was defined as being at least a duration of one year or longer. The meta-analysis included a total of
53 studies consisting of a sample of 68,128 participants. For weight loss trials, a LCHF diet led to
greater significant results WMD 1.15 kg (0.52, 1.79), whereas the low fat interventions did not obtain
any greater significant difference when compared with any other higher fat intake diet obtaining a
WMD of 0.36 kg (-0.66, 1.37) 95% CI but led only to a greater weight difference when compared to a
usual diet and the calculated WMD was -5.41 kg (-7.29, -3.54) 95% CI. Comparisons for weight
maintenance and no weight loss studies only included a low fat diet vs higher fat group comparisons;
low fat and higher fat diets obtained a similar weight loss and in the only case where low fat had
greater weight loss results was when compared to a usual diet. When there was a difference of more
than 5% of the caloric intake coming from fat, and when the difference in triglycerides was at least
0.06 mmol-L* at follow-up in weight loss interventions, higher fat diets led to greater significant results
in weight loss with a WMD 1.04 kg (0.06, 2.03) 95% CI and 1.38 kg (0.50, 2.25) 95% CI respectively.
After obtaining these results, Tobias el al. (104) stated that the long-term effects of a low fat diet on
body mass depends on the intensity of the intervention in the comparison group. When the
comparison was made with a similar intensity intervention the low fat diet was inferior. In this light,
Tobias et al. (104) were not able to identify any clear evidence that indicated any superiority of
following a HCLF diet over LCHF diets. They concluded that because there is no evidence justifying
the recommendation of a HCLF diet, nutritional guidelines should cease recommending HCLF diets for

weight loss.

From a practical point of view, dietary compliance is essential for the success of any dietary

intervention (57), satiety being one of the main factors to promote adherence. Studies using ad libitum
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LCHF diets have confirmed that these diets induced spontaneous calorie intake reduction (41) while

intakes of CHO and PRO were restricted and increased respectively.

The PREDIMED (105) (or in Spanish “Prevencién con Dieta Mediterranea study”) participants were
randomised to one of two Mediterranean diets, supplemented with either free virgin olive oil (1 litre-wk-
1) or nuts (30 g-day?), or an education group on a low fat diet (control group). Diets were ad libitum
and no advice on physical activity was provided. The main outcome was the 52% reduction of
diabetes incidence. What is important to highlight is that there was a higher level of fat in the nuts and
olive oil groups and, despite the fact that the diets were ad libitum, these two supplemented diets were
superior to a HCLF diet, and do not follow current guidelines rationale that still recommends a HCLF
diet.

Not long ago, the research group headed by Dr Yusuf presented the first findings of the Prospective
Urban Rural Epidemiological (PURE) study, which is an observational, prospective study that analysed
150,000 individuals in 18 countries from five continents whose objective was to examine the impact of
urbanisation on the development of primordial risk factors (for example: physical activity and nutrition
changes), primary risk factors (for example: obesity, hypertension, dysglycaemia and dyslipidaemia,
smoking), and CVD. The full findings were revealed a few months after the publication (18). In this
study it was demonstrated that with an increased CHO intake there was also an increase in the risk of
cardiovascular disease. This study supports the notion that eating a low CHO (< 50% of energy intake)
diet is not only better for weight loss but for reducing the risk of suffering CVD. This type of study, after
large well conducted randomised controlled trials, is the most powerful tool (17) to provide medical

evidence of the best practices for improving health and reducing the likelihood of disease.

Ha, Joung and Song (106), analysed the population of 16,349 participants aged 30 years and older
from the fifth and sixth Korea National Health and Nutrition Examination Survey that used a
comprehensive 24 h food frequency questionnaire to obtain food intake data. It used a low CHO
score, which is a measure of the proportion of CHO provided by the diet, going from 0 to 10; 10 being
the lowest CHO intake, and 0 being the highest. The other macronutrients were also given a score out
of 10 for a total score of 30. When the researchers analysed the data using multiple regression, they
did not find any association between a low CHO intake with a MetS score, nor its components (waist
circumference, blood pressure, and triglyceride levels). On the other hand, women in the highest
decile of both the low CHO intake that included animal products and a plant-based (vegan style) low
CHO diet score had higher HDL-C levels. Men in the top decile of the animal-based low CHO diet

score also had higher HDL-C levels compared to those in the lowest decile of the low CHO diet score.
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The authors (106) of this study concluded that Koreans following a LCHF diet are less likely to have

low HDL-C and did not increase the risk of developing MetS for both male and female.

Kwon, Lee, and Lee (107) investigated the role of CHO and fat intake in MetS in Korea using a
population-based, cross-sectional design study that included 15,582 individuals (6737 males and 8845
females). Participants were divided into nine groups based on CHO and fat intake proportion; multiple
logistic regression analysis was performed after adjusting for confounding variables. In males, a higher
proportion of total energy intake, regardless of fat intake, significantly increased the risk of MetS.
Whereas the female risk of MetS was only elevated in those cases with the highest CHO proportion
and the lowest fat intake. Researchers concluded that for reducing the prevalence of MetS it was

necessary to reduce the excess of CHO intake paired with adequate fat levels.

In summary, a low CHO diet may be the best choice as it could lead to a greater reduction of CVD
risk, being able to normalise glucose along with other metabolic parameters while promoting weight
loss. In terms of TE, these CHO restricted diets also have an advantage compared to restricted calorie
diets as they are more successful in reducing body weight, potentially due to the higher protein energy
intake (102). The higher protein intake that commonly is a feature of a CHO restricted diet seems to
boost the thermic effect of food and provide also an advantage in weight loss while minimising loss of
muscle mass (41). Despite the evidence of the superiority of these diets over HCLF diets for improving
glycaemic control, metabolic markers, and weight loss outcomes, there is reluctance to recommend
CHO restricted diets because in some cases it has raised LDL-C levels. However, these increments
may correspond to a less harmful particle size lipoprotein as it has been shown on various occasions
(41, 108). There are fewer studies in populations who have cardiometabolic risk factors associated
with MetS that address the use of CHO restricted diets. It is important to highlight that CHO restricted
diets are able to reduce all MetS components hyperglycaemia, dyslipidaemia, high blood pressure and
obesity at the same time, and in a better way than a HCLF diet. In addition, experts who advocate the
LCHF diet as the nutritional strategy of choice regard the imbalances in metabolic control is due to a
high CHO intake (24) and various reviews have pointed out that a LCHF diet is a viable option to
prevent diabetes (24, 109) and perhaps the best approach to reduce MetS (24, 25, 44, 110, 111). That
is why this evidence warrants more research that applies this nutritional approach to establish if they
are as effective as (or better than) the Mediterranean diet to counteract pre-diabetes. If these studies
confirmed earlier findings, this would therefore warrant the LCHF diet to be recommended as the

dietary model for preventing and reducing MetS worldwide.
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Carbohydrates may not always need to be low

While it has been demonstrated above that LCHF may be an effective tool for improving parameters
associated with MetS, higher CHO intake have not always been implicated in metabolic
dysregulations. This has been a point of serious debate and disagreement and there is reluctance to
fully accept the necessity of a LCHF diet because higher CHO diets have been found effective for
improving body composition and metabolic control as it was in the case in the Look Ahead Study (112,
113).

Korsmo-Haugen et al. (114) performed a systematic review and meta-analysis comparing the effects
of LCHF diets and HCLF diets for at least 12 weeks on body weight, glycaemic control, lipid profile and
blood pressure in adults with T2DM. This study included 23 investigations that involved 2178
participants. Participants that followed a LCHF diet had a slightly greater reduction in HbAlc (-1.0
mmol-mol*? (-1.9, -0.1) 95% CI [-0.09% (-0.17, -0.01)] and triglycerides, [-0.13 mmol-L* (-0.24, -0.02).
Changes in weight, HDL-C, LDL-C and TC were similar between the two diets. Subgroup analyses
suggested that the difference between HbAlc was only evident in studies that lasted at least 6-months
and with a high risk of bias. Authors concluded that the energy provided by CHO was not an important
determinant of response to dietary management, especially considering long-term studies. The
authors also identified that the studies included dietary patterns as high as 60% of total energy derived
from CHO and it was observed that these CHO guantities were manageable for participants without
deleterious effects to metabolic health. CHO restriction was effective for reducing HbAlc when this
was accompanied by weight loss. For most of those studies that used CHO restriction, the objective
was weight loss. In the absence of weight loss, the improvement in metabolic parameters was not
observed. From this meta-analysis it can be interpreted that weight loss seems to be a necessity for

observing improvements in glycaemic control, thus, it may be caloric restriction that is most important.

Sartorius et al. (113) assessed the association between obesity and CHO intake by performing a
systematic review and a meta-analysis to estimate attributability, and identified the determinants of
obesity including the effect of the association of consuming a HCLF versus LCHF diets (stratum 1), as
well as the percentage of CHO in total energy intake (stratum 2) using odds ratio and 95% CI for the
analysis of both strata. Twenty-two papers were meta-analysed, which included a total of 200,075
participants. Strata 1 and 2 OR were non-significant 1.043 (0.933, 1.154) 95% CI, and 0.984 (0.926,
1.042) respectively. The authors concluded that it was not possible to make a link between a high-
CHO diet or the percentage of total energy derived from CHO, and an increased odds risk ratio of
obesity. Despite this conclusion, there were indications that high levels of inactivity and high CHO
intake coming from refined grains were linked to obesity that was the case for a Sri Lankan study. Due

to the lack of standardised reporting this research did not have adequate information to draw robust
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conclusions. However, there was evidence that metabolic disease is highly influenced by these two
factors (inactivity and high-CHO intake) (115). In this regard, the literature shows that the hepatic
manifestation of MetS is the non-alcoholic fatty liver disease (NAFLD) (116) which is both a
consequence of and aggravated by insulin resistance. This is a key component of the metabolic
disease and its presence is an indication of impaired metabolism (117) and likely manifested as a
result of excessive CHO intake that contributes to increased triglyceride levels and fat accumulation in
the liver (116).

Kang et al. (116) observed that MetS was present in 34% of a total of 91 individuals with NAFLD, in
the ATPIII clinical scale, and had a higher HOMA-IR (7.66 vs 4.45, p=0.040); interestingly the block
food frequency questionnaire revealed that these individuals also had a higher CHO intake (51% vs
45%, p=0.030) and a lower fat intake (34% vs 40%, p=0.010). To note, the PRO intake, the total
energy intake and even physical activity levels, were similar to those individuals with NAFLD but
without metabolic syndrome. Kang et al. concluded that the restriction of CHO intake deserves more
attention and more research in this area is warranted.

Snorgaard et al. (83) conducted a meta-analysis attempting to clarify if there is a reason to opt for a
LCHF diet instead of a HCLF diet for managing T2DM. Their final analysis included 10 randomised
controlled trials with a total of 1376 participants and assessed the following outcomes at three months,
six months and end of one year of intervention: HbAlc, BMI, body mass, LDL-C, quality of life (QoL),
and attrition. HbA1c showed more improvement in the LCHF diets at intervals of three and six months,
having a greater glucose-lowering effect with higher CHO restriction. But this effect (difference) was no
longer present (equally improved for both diets) after one year of intervention. Consequently, BMI,
body mass, LDL-C, quality of life (QoL), and attrition were similar across all time points. The authors
(83) did not however find any difference between the two diets, the lower CHO intake having the better
glucose-lowering effect, and the LCHF diets being better for glycaemic control within one year of

treatment.

Finally, there are also other factors that support the case for maintaining a high percentage of total
energy intake coming from CHO and these are the CHO quality and the glycaemic index (Gl). Factors
that can modulate the increase in the blood glucose concentration following eating, the glycaemic
response (GR), and in consequence can influence metabolic health (118). CHO quality is given by the
amount of fibre present in a given food containing CHO, with more fibre content, means more quality
(118). Briefly the Gl was developed to allow individuals with diabetes a greater glycaemic control. It
provides an estimation of the increase in the glycaemia following eating of a portion of food containing

a fixed amount of carbohydrate (usually 50 g) is calculated by Gl= (IAUC test food/iAUC reference
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food) x 100, where iIAUCtest = incremental area under the curve of 2-h of a test food (the desired
food’s Gl); IAUC = incremental area under the curve of 2-h of a reference food, usually a glucose
solution or white bread). While the glycaemic load is expressed by GL = Gl x (available carbohydrate

in a given amount of food) for the purpose of predicting the GR.

In the Netherlands, Sluijs et al. (119) conducted the European Prospective Investigation into Cancer
and Nutrition—Netherlands (EPIC-NL) to assess the relationship between CHO quantity and quality in
the development of T2DM investigating the associations of dietary glycaemic load (GL), glycaemic
index (Gl), carbohydrate, and fibre intake a 10 y prospective cohort study conducted in 37,846
participants aged 21-70 at baseline and free of T2DM. Dietary intake was assessed with a validated
food-frequency questionnaire. A total of 915 incident T2DM was documented, after adjustment for sex,
age and established T2DM risk factors, dietary factors, hazard ratios (HR) per standard deviation (SD)
were calculated. Dietary glycaemic load (GL) was associated with increased T2DM risk [1.32; (1.14,
1.54) 95% ClI; p<0.001]. Gl tended to increase diabetes risk [HR: 1.08, (1.00, 1.17) 95% CI; p= 0.05].
Dietary fibre intake was inversely associated with T2DM risk (HR: 0.92; (0.85, 0.99) 95% CI p< 0.05),
whereas carbohydrate intake was associated with increased diabetes risk [HR: 1.15; (1.01,1.32) 95%
Cl; p< 0.05]. Of the carbohydrate subtypes, only starch was related to increased diabetes risk [HR:
1.25 (1.07, 1.46) 95% CI, p< 0.05]. After the exclusion of misreports, all associations became slightly
stronger. According to Sluijs et al. (119), both carbohydrate quantity and quality seem to be important

factors in T2DM prevention.

As mentioned before, fibre can confer a protective effect against disease, foods containing more fibre
are advocated. For this reason, one of the aspects that is used for measuring CHO quality, and
therefore the means to assess this, is using the carbohydrate-to-fibre ratio. With this in mind, Alessa et
al. (118) investigated its relation to the incidence of coronary heart disease (CHD). They analysed a
sample of 75,020 women and 42,865 men and detected 7,320 cases of incident CHD in a prospective
cohort study. Concluding that dietary cereal fibre appears to be an important component of
carbohydrate quality. While the carbohydrate-to—cereal fibre ratio and the starch to cereal fibre ratio
was associated with an increased risk for incident CHD, of 20% [pooled-RR = 1.20; (1.11, 1.29) 95%
Cl; p-trend < 0.0001], and 17% [pooled-RR = 1.17;(1.09, 1.27) 95%CI; p-trend < 0.0001], respectively.
Whereas the carbohydrate-to-fibre ratio D (pooled-RR=1.04; (0.96, 1.13) 95% CI; p-trend=0.46), was
not. The authors concluded that dietary cereal fibre appears to be an important component of CHO
quality. The CHO-to—cereal fibre ratio and the starch to cereal fibre ratio, were associated with an

increased risk for incident CHD but not the CHO to fibre ratio.
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Another study previously conducted by Alessa et al. (120) also used CHO quality to assess the
incidence of T2DM in a prospective cohort study including a sample of 70,035 women free of T2DM,
CVD and cancer at baseline from the Nurses’ Health Study (1984-2008). The Cox regression
methodology evaluated this relationship. Participants were followed for 14 vy, in that time 6934
incidents of T2DM were detected. Multivariate analysis did not find any risk when comparing the
largest extreme quintiles, higher carbohydrate intake was not associated with T2DM (RR = 0.98; (0.89,
1.08) 95% CI; p-trend = 0.840), whereas starch was associated with a higher risk (RR = 1.23, (1.12,
1.35) 95%Cl; p-trend <0.0001). Total fibre (RR=0.80, (0.72, 0.89) 95% ClI; p-trend < 0.0001), cereal
fibre (RR=0.71, (0.65, 0.78) 95% CI; p-trend < 0.0001), and fruit fibre (RR = 0.79, (0.72, 0.85) 95% ClI;
p-trend < 0.0001) were associated with a lower T2DM risk. The ratio of CHO to total fibre intake was
marginally associated with a higher risk of T2D (RR = 1.09, (1.00, 1.20) 95% ClI; p-trend = 0.04). On
the other hand, positive associations were found between the ratios of carbohydrate to cereal fibre
(RR=1.28, (1.17, 1.39) 95% ClI; p-trend <0.0001), starch to total fibre (RR = 1.12, (1.02,1.23) 95% ClI
p-trend = 0.03), and starch to cereal fibre (RR= 1.39; (1.27, 1.53) 95% ClI, p-trend < 0.0001) and
T2DM. It was concluded that diets with high starch, low fibre, and a high starch to-cereal fibre ratio

were related with a higher risk of T2DM.

In summary, there is an ongoing debate whether having a high-CHO or a low-CHO diet is better; there
is consensus therefore that choosing a low glycaemic index diet can be favoured for addressing
metabolic disorders. This prevents having a large glycaemic response which makes it more difficult to
manage. It seems that by using the same logic to decide the total CHO amount is an idea not welcome
just yet (83, 113, 114) despite one meta-analysis demonstrating that it is the amount in fact that
regulates the glucose lowering effect (83), which adds up to other existing evidence that the amount of

CHO intake matters (24, 52), even if there is no difference in any other aspect.

In this sense, a low CHO approach should be considered a preferred option for those at metabolic risk.
Indeed, evidence supports that CHO restriction may be the most effective possible way to achieve
metabolic health and weight loss, and should be the preferred modality for T2DM and cardiometabolic
syndrome prevention and treatment (24, 53). When CHO has been restricted (25 to 45% of TE coming
from CHO) it has been found to be effective in promoting an adequate glucose control (121-123),
improved lipid profile, weight loss in those at risk and diabetic populations (123). These outcomes
have obvious implications for reducing CVD risk, with reductions in risk factors such as decreased TG,
systolic blood pressure and improved HDL-C (41, 124, 125). Table 1-1 presents summarised results of
interventions comparing the effects of either a LCHF diet or a HCLF diet on different metabolic
markers. The superiority of the LCHF diet can be seen, or at least an equal effect between the two

diets where a negative sign represents a better outcome for a LCHF diet and a positive outcome for
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the HCLF diet, except for those variables that they are expected to augment, i.e. HDL-C where a

positive sign would indicate a better outcome for a LCHF diet (23, 125-157).
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Table 1-1 Body composition parameters difference LCHF vs LFD. (Part 1)

Body mass (weight loss)

LCHF LFD

Difference Baseline Change Baseline Change
year Author Duration LCHF -LFD MEAN+SD kg MEAN+SD kg
1992 Garg et al. (125) 3 weeks 0.2 89+4.5 -1.2 89+4.5 -1.4
2003 Brehm et al. (127) 26 weeks -4.6 91.2+8.4 -85 92.316 -3.9
2003 Foster et al. (128) 52 weeks -1.89 98.7+19.5 -4.34 98.3+16.4 -2.46
2003 Samaha et al. (129) 26 weeks -3.9 130+22.7 -5.8 131.8+27.3 -1.9
2003 Volek et al. (130) 4 weeks -0.4 59.8#46 -1.2 58.6x0.5 -0.8
2004 Meckling et al. (131) 10 weeks -0.2 91+4.5 -7 92.3+3 -6.8
2004 Sharman et al. (132) 6 weeks -2.8 109.1+17.8 -6.2 102.9+29 -34
2004 Stern et al. (133) 0-52 weeks -2 132+23 -5.1 129+20 -3.1
2004 Volek et al. (134) 50d 3/30d & 0 2+2 0 0+0 0
2004 Volek et al. (135) 4 weeks -1.9 76.2+129 -296 76.2+129 -1.06
2004 Yancy et al. (136) 24 weeks -55 97.8+15 -12 96.8£19.2 6.5
2005 Dansinger et al. (137) 0-8 weeks 0 100+14 -3.6 100+15 -3.6
2005 Dansinger et al. (137) 0-26 weeks 0.4 100+14 -3.2 100+15 -3.6
2005 Dansinger et al. (137) 0-52 weeks 12 100+14 2.1 100+15 -3.3
2005 McAuley et al. (138) 0-26 weeks -8 97.2+104 -85 97.6x164 -05
2005 McAuley et al. (138) 0-52 weeks -1 97.2+104 54 97.6+164 -44
2005 Nielsen et al. (139) 26 weeks -9.6 100.6+14.7 -11.4 101.5+155 -1.8
2005 Yancy et al. (140) 16 weeks -8.7 131.4+18.1 -8.7 0+0 0
2006 Nielsen JV and Joensson E. (23) 12 weeks -8.7 100.6+14.7 -8.7 010 0
2006 Nielsen JV and Joensson E. (23) 12-26 weeks -2.7 91.9+14.7 -2.7 040 0
2006 Nielsen JV and Joensson E. (23) 26-102 weeks 2.8 89.2+143 238 010 0
2006 Noakes et al. (125) 12 weeks 13 33331 -41 348+21 54
2006 Truby et al. (141) 0-8 weeks -0.5 90.3+12.7 -52 88.8+13.3 -47
2006 Truby et al. (141) 0-26 weeks 0.6 90.3+12.7 -6 88.8+3 -6.6
2006 Truby et al. (141) 8-26 weeks 0.9 85.1+44  -1.3 84.1+32 2.2
2007 Gardner et al. (142) 0-52 weeks -25 86113 4.7 86110 2.2
2007 LeCheminant et al. (143) 0-12 weeks -1.2 109.6+17.3 -20.4 105.5+159 -19.2
2007 LeCheminant et al. (143) 12-32 weeks 04 89.2+144 0.1 86.3*+119 -0.3
2008 Pérez-Guisado et al. (144) 12 weeks -13.52 108+3.18 -13.52 - -
2008 Shai et al. (145) 104 weeks -1.8 91.4+143 -47 91.3+123 -29
2009 Brinkworth et al. (146) 52 weeks 0.1 93.9+155 -115 945+12.7 -116
2009 Davis et al. (147) 0-12 weeks -2 93.6+18 -5.2 101+19 -3.2
2009 Davis et al. (147) 0-26 weeks -04 93.6+18 -4.8 101+19 4.4
2009 Davis et al. (147) 0-52 weeks 0 93.6+18 -3.1 101+19 -3.1
2009 Volek et al. (148) 12 weeks -4.9 96.5+13.7 -10.1 94.4+152 -52
2010 Foster et al. (149) 12 weeks -1.12 103.3+155 -9.49 103.5+144 -8.37
2010 Foster et al. (149) 26 weeks -0.84 103.3+0 -12.18 103.5+14.4 -11.34
2010 Foster et al. (149) 52 weeks -0.06 103.3t0 -10.87 103.5+14.4 -10.81
2010 Foster et al. (149) 104 weeks 1.03 103.3+0 -6.34 103.5x14.4 -7.37
2010 Igbal et al. (150) 0-26 weeks -0.8 118.3+21.3 -2.8 1155+16.7 -2
2010 Igbal et al. (150) 0-52 weeks -0.1 118.3+21.3 -1.3 1155+16.7 -1.2
2010 Igbal et al. (150) 0-104 weeks -1.3 118.3+21.3 -15 115.5#16.7 -0.2
2010 Yancy et al. (151) 48 weeks -1.9 1244257 -11.4 1194268 -95
2011 Paoli et al. (152) 6 weeks -6.8 86.2+16.4 -6.8 0+0 0
2013 Guetal. (153) 0-4 weeks -6 96.1+2.7SE -6 - -
2013 Guetal. (153) 4-8 weeks 2.7 90.1+2.6 2.7 - -
2013 Liuetal. (154) 12 weeks 0.5 64.846.5 -53 67+#11.33 -58
2014 Bazzano et al. (155) 52 weeks -35 96.3+12.7 -53 97.9+135 -1.8
2017 Saslow et al. (156) 32 weeks -9.7 109+24.9 -12.7 90.9+16.4 -3
2018 Gardner et al. (157) 52 weeks -1.8 96.3+15.7 -83 97.5+147 -65

Note: Diff. Between groups, (—) sign denotes better outcome for LCHF.
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Table 1-1 Body composition parameters difference LCHF vs HCLF. (Part 2)

Body fat (kg)

Difference  Baseline Change Baseline Change
year Author Duration LCHF-LFD MEAN+SD kg MEAN+SD kg
2003 Brehm et al. (127) 0-12 weeks -1.77 37.33+4.79 -4.29 37.83+2.65 -2.52
2003 Brehm et al. (127) 0-26 weeks -1.8 37.33+4.79 -3.77 37.83+2.65 -1.97
2004 Meckling et al. (131) 10 weeks 13 33.3#3.1 41 34.8%2.1 5.4
2005 McAuley et al. (138) 0-26 weeks -1.4 44.8+6.8 -5.5 45.9+11 4.1
2005 McAuley et al. (138) 0-52 weeks 0.1 44.8+6.8 -34 45.9+11 -35
2006 Noakes et al. (125) 12 weeks -0.5 37.6x1.3 45  37.9+2.2 -4
2006 Truby et al. (141) 0-8 weeks -0.4 35.7+6 -35  34.246.9 -3.1
2006 Truby et al. (141) 8-26 weeks 0.8 32.2+3 1.2 31.1+24 -2
2006 Truby et al. (141) 0-26 weeks 04 35.7+6 -46  34.2+6.9 -5
2009 Volek et al. (148) 12 weeks -1.9 38.7£7.7 -5.6 37.1+£10 -3.7
2010 Foster et al. (149) 26 weeks -0.49 40+7.6 -8.65 40.4+7.8 -8.16
2010 Foster et al. (149) 52 weeks -0.54 40+7.6 -7.83 40.4+78 -7.29
2010 Foster et al. (149) 104 weeks -0.15 40+7.6 -3.99 404+78 -3.84

Note: Diff. Between groups, (—) sign denotes better outcome for LCHF.
Lean body mass (kQ)

Difference  Baseline Change Baseline Change
year Author Duration LCHF-LFD MEAN+SD kg MEANtSD kg
2003 Brehm et al. (127) 0-12 weeks -1.98 5046 -2.8 5145 -0.8
2003 Brehm et al. (127) 0-26 weeks -1.24 5046 -2 5145 -0.7
2004 Meckling et al. (131) 10 weeks -0.9 58+3 -1.9 57+3 -1
2006 Noakes et al. (125) 12 weeks -0.6 4742 -2.6 4943 -2
2009 Volek et al. (148) 12 weeks 24 54+12 -34 55+11 -1
2010 Foster et al. (149) 26 weeks -0.35 61+13 -3.5 61+12 -3.2
2010 Foster et al. (149) 52 weeks -0.3 61+13 -3 61+12 2.7
2010 Foster et al. (149) 104 weeks -0.21 61+13 24 61+12 2.1

Note: Diff. Between groups, (-) sign denotes better outcome for LFD.
Waist circumference (cm)

Difference  Baseline Change Baseline Change
year Author Duration LCHF-LFD MEAN+SD cm MEAN+SD cm
2005 Dansinger et al. (137) 0-8 weeks -0.6 109+11 -3.3 111+13 2.7
2005 Dansinger et al. (137) 0-26 weeks -0.7 109+11 -3.2 111+13 -2.5
2005 Dansinger et al. (137) 0-52 weeks -0.3 109+11 -25 111+13 -2.2
2005 McAuley et al. (138) 0-26 weeks -2.2 110+9.9 -9.9 109.2+125 -7.7
2005 McAuley et al. (138) 0-52 weeks -1.1 110+9.9 -5.4 109.2+125 -43
2005 Yancy et al. (140) 16 weeks - 130+10.5 -6.7 - -
2006 Truby et al. (141) 0-8 weeks -1.2 102+10.6 -6.7 100+10.3 -5.5
2006 Truby et al. (141) 8-26 weeks 0.6 95+6.1 24  945+5.1 -3
2006 Truby et al. (141) 0-26 weeks 0.2 102+106 -8.1 100+10.3 -8.3
2007 LeCheminant et al. (143) 32 weeks -1 111+10.1 -14.2 106.6+9.6 -13.2
2011 Paoli et al. (152) 6 weeks -9.5 107+154 95 - -
2013 Guetal. (153) 0-4 weeks - 105+1.7 -3.8 - -
2013 Guetal. (153) 4-8 weeks 2.1 101+1.5 2.1 - -
2013 Liuetal. (154) 12 weeks -1 90+5.5 -7.8 91+1.1 -6.8
2014 Bazzano et al. (155) 51 weeks -1.7 108.4+9.3 -6.7 111+10.7 -5
2018 Gardner et al. (157) 52 weeks -14 106.7+114 -55 107.2+109 4.1

Note: Diff. Between groups, (-) sign denotes better outcome for LCHF.
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Table 1-1 Lipids: total cholesterol difference LCHF vs HCLF (Part 3)

Total cholesterol (mmol-L™)

year
1992
2003
2003
2003
2003
2004
2004
2004
2004
2004
2005
2005
2005
2005
2005
2005
2006
2006
2006
2006
2006
2006
2006
2008
2009
2009
2009
2010
2010
2010
2010
2010
2011
2013
2013
2014

Author

Garg et al. (125)

Brehm et al. (127)

Brehm et al. (127)

Samabha et al. (129)

Volek et al. (130)

Meckling et al. (131)

Sharman et. al. (132)

Sternetal. (133)

Volek et al. (134)

Yancy et al. (140)

McAuley et al. (138)

McAuley et al. (138)

Yancy et al. (140)

Dansinger et al. (137)

Dansinger et al. (137)

Dansinger et al. (137)

Nielsen JV and Joensson E. (23)
Nielsen JV and Joensson E. (23)

Nielsen JV and Joensson E. (23) 26-102 weeks

Noakes et al. (125)
Truby et al. (141)
Truby et al. (141)
Truby et al. (141)
Pérez-Guisado et al. (144)
Davis et al. (147)
Davis et al. (147)
Volek et al. (148)
Foster et al. (149)
Igbal et al. (150)
Igbal et al. (150)
Igbal et al. (150)
Yancy et al. (151)
Paoli et al. (152)
Guetal. (153)
Liuetal. (154)
Bazzano et al. (155)

Duration
3 weeks
0-12 weeks
0-26 weeks
26 weeks
4 weeks
10 weeks
6 weeks
0-52 weeks
4 weeks
24 weeks
0-26 weeks
0-52 weeks
16 weeks
0-8 weeks
0-26 weeks
0-52 weeks
12 weeks
12-26 weeks

12 weeks
0-8 weeks
8-26 weeks
0-26 weeks
12 weeks
0-26 weeks
0-52 weeks
12 weeks
104 weeks
0-26 weeks
0-52 weeks
0-104 weeks
48 weeks
6 weeks
0-4 weeks
12 weeks
52 weeks

Difference

Baseline Change Baseline

LCHF - LFD MEANzSD mmol/l

-2.57
-0.32
0.02
0.08
0.98
1.66
-0.35
0.35
0.39
0.14
0.3
0.2
-0.07
0.44
0.27
0.17
0.2
0.3
-0.4
0.39
0.44

0.01
-0.56
0.01
0.01
-0.05
0.1
0.05
0.2
0.03
0.13
-0.6
-0.52
0.59
0.02

6.1+0.62
5.3+6.63
5.3+0.17
4.7+1.34
4.6+£0.02
5.9+0.03
5+0.83
4.7+1.24
4.7+0.88
6.3+0
5.8+1.1
5.8+1.1
4.6+1.4
5.5+0.8
5.5+0.8
5.5+0.8
5.6£1.2
5.8+1.1
6.1+1.1
5.8+0.21
5.8+0.9
5.7+0.7
5.8+0.9
5.4+0.15
4.4+0.83
4.4+0.83
5.4+0.67
4.9+0.78
4.7+1.2
4.7+1.2
4.7+1.2
4.7+0.87
5.3+1.03
5.1+0.12
5+1.05
51+1.1

-3.59
-0.53
-0.02
0.08
0.73
0.05
-0.54
0.16
0.05
-0.21
-0.3
-0.2
-0.07
-0.05
-0.02
-0.11
0.2
0.3
-04
-01
0
0
-0.01
-0.56
0
0
-0.28
-4.88
0.03
-0.02
-0.31
-0.1
-0.6
-0.52
-0.01
0.05

Change

MEAN+SD mmol/l

6.1+0.6
4.8+0.2
4.8+0.2
5+0.8
4.8+4.5
5.9+0.4
4.4+1
5+0.8
4.7+0.9
6.2+0
6+0.9
6+0.9
5.5+0.9
5.5+0.9
5.5+0.9

-1.02
-0.21
-0.04
0
-0.25
-1.6
-0.19
-0.19
-0.34
-0.35
-0.6
-0.4
-0.49
-0.29
-0.28

-0.49
-0.44

-0.01

-0.01

-0.23
-4.98
-0.02
-0.21
-0.34
-0.23

-0.6
0.03

Note: Diff. Between groups, (—) sign denotes better outcome for LCHF.
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Table 1-1 Lipids: low density lipoprotein cholesterol difference LCHF vs HCLF (Part 4)

Low density lipoprotein cholesterol (mmol-L ™)

Difference  Baseline Change Baseline Change

year Author Duration  LCHF - LFD MEANSD mmol-L™* MEAN+SD mmol-L™*
1992 Garg et al. (125) 3 weeks 0 3.68+0.57 -0.67 3.68+0.57 -0.67
2003 Brehm et al. (127) 0-12 weeks -0.08 3.23+0.14 -0.31 2.94+6.36 -0.23
2003 Brehm et al. (127) 0-26 weeks 0.13 3.23x0.14 -0.02 294+6.36 -0.16
2003 Samabha et al. (129) 26 weeks -0.03 295093 0.1 3.05+0.75 0.08
2003 Volek et al. (130) 4 weeks 0.58 2.94+0.66 043 3.11+0.72 -0.15
2004 Meckling et al. (131) 10 weeks 1.37 437+0.28 0.03 4.27+0.34 -1.34
2004 Sharman et. al. (132) 6 weeks 0.17 3.25¢0.73 -0.2 3.05+2.07 -0.37
2004 Sternetal. (133) 0-52 weeks 0.28 294083 0.21 3.13+0.73 -0.07
2004 Volek et al. (134) 4 weeks 0.31 2.92+0.78 0.16 2.92+0.78 -0.16
2004 Yancy et al. (136) 24 weeks 0.23 4.07+0 0.04 3.83+0 -0.19
2005 Dansinger et al. (137) 0-8 weeks 0 010 0 010 0
2005 Dansinger et al. (137) 0-26 weeks 0 0+0 0 0+0 0
2005 McAuley et al. (138) 0-26 weeks 0.3 3.8£0.9 0 3.9+0.8 -0.3
2005 McAuley et al. (138) 0-52 weeks 0 3.8+0.9 -0.1 3.9+0.8 -0.1
2005 Yancy et al. (136) 16 weeks 0.26 2.51+0.64 0.26 0+0 0
2006 Noakes et al. (125) 12 weeks 0.58 3.83+0.18 0.18 3.65+0.22 -04
2007 Gardner et al. (142) 0-8 weeks 0.32 2.82+0.75 0.06 2.87+0.7 -0.26
2007 Gardner et al. (142) 0-26 weeks 0.13 2.82+0.75 0.04 2.87+0.7 -0.08
2007 Gardner et al. (142) 0-52 weeks 0.12 2.82+0.75 0.02 2.87+0.7 -0.1
2008 Pérez-Guisado et al. (144) 12 weeks -0.22 2.96+0.16 -0.22 - -
2008 Shai et al. (145) 104 weeks 0.07 3.03+0.89 -0.08 3.03+0.92 -0.14
2009 Davis et al. (147) 0-26 weeks 0.15 25+069 -01 244074 -0.25
2009 Davis et al. (147) 0-52 weeks 0.14 25+0.69 -0.04 2.4+0.74 -0.18
2009 Volek et al. (148) 12 weeks 0.18 3.36+0.57 0.13 3.31+0.8 -0.05
2010 Foster et al. (149) 12 weeks -0.02 3.11+0.66 -0.19 3.21+0.76 -0.16
2010 Foster et al. (149) 26 weeks 0.26 3.11+0.66 0.01 3.21+0.76 -0.25
2010 Foster et al. (149) 52 weeks 0 3.11+0.66 -0.22 3.21+0.76 -0.22
2010 Foster et al. (149) 104 weeks 0.08 3.11+0.66 -0.12 3.21+0.76 -0.21
2010 Igbal et al. (150) 0-26 weeks 0.85 2.83+1.02 09 2.79+0.96 0.05
2010 Igbal et al. (150) 0-52 weeks -4.49 2.83+1.02 -4.7 2.79+096 -0.21
2010 Igbal et al. (150) 0-104 weeks -8.045 2.83+x1.02 -82 279+096 -0.16
2010 Yancy et al. (151) 48 weeks -1.68 2.99+0.81 -1.91 3.04+0.84 -0.23
2011 Paoli et al. (152) 6 weeks - 3.87+0.75 -0.36 - -
2013 Guetal. (153) 0-4 weeks - 3.09+0.12 -0.08 - -
2014 Bazzano et al. (155) 52 weeks -0.03 3.2+0.9 -0.08 3.2+1 -0.05
2017 Saslow et al. (156) 32 weeks 0.15 2.51+0.79 -0.01 2.34+0.75 -0.16
2018 Gardner et al. (157) 52 weeks 0.24 2.94+0.68 0.16 2.89+0.79 -0.08

Note: Diff. Between groups, (—) sign denotes better outcome for LCHF.
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Table 1-1 Lipids: high density lipoprotein cholesterol difference LCHF vs HCLF (Part 5)

High density lipoprotein cholesterol (mmol-L™)

Difference  Baseline Change Baseline Change

year Author Duration ~ LCHF - LFD MEANzSD mmol-L™* MEAN+SD mmol-L™*
1992 Garg et al. (125) 3 weeks 0.01 0.75£0.06 0.01 0.75+0.06 -0.07
2003 Brehm et al. (127) 0-12 weeks 0.06 1.34+0.07 0.06 1.26+2.23 0.06
2003 Brehm et al. (127) 0-26 weeks 0.18 1.34+0.07 0.18 1.26+2.23 0.11
2003 Foster et al. (128) 52 weeks -1.21 1.21+0.29 NA  1.28+0.32 NA
2003 Samaha et al. (129) 26 weeks 0 1.06+0.28 0 1.06+0.26  -0.03
2003 Volek et al. (130) 4 weeks 0.41 1.28+0.01 041 1.3+0.28 -0.1
2004 Meckling et al. (131) 10 weeks 0.37 1.27+0.05 0.16 1.34+0.08 -0.21
2004 Sharman et. al. (132) 6 weeks 0.01 1.02+0 -0.03 0.99+0.2 -0.04
2004 Sternetal. (133) 0-52 weeks -0.11 1.06+0.26 -0.02 1.06+0.23 -0.13
2004 Volek et al. (130) 4 weeks 0.13 1.34+0.36 0.03 1.34+0.36 -0.1
2004 Yancy et al. (136) 24 weeks 0.18 1.43+0 0.14 1.4+0 -0.04
2005 McAuley et al. (138) 0-26 weeks 0.19 1.14+0.29 0.14 1.16+0.24 -0.05
2005 McAuley et al. (138) 0-52 weeks 0.14 1.14+0.29 0.12 1.16+0.24 -0.02
2005 Yancy et al. (136) 16 weeks 0.07 0.92+0.2 0.07 - -
2006 Noakes et al. (125) 12 weeks 0.12 1.26+0.05 0.06 1.31+0.07 -0.06
2007 Gardner et al. (142) 0-8 weeks 0.13 1.37+0.36 -0.01 1.29+0.28 -0.14
2007 Gardner et al. (142) 0-26 weeks 0.13 1.37+0.36 0.13 1.29+0.28 0
2007 Gardner et al. (142) 0-52 weeks 0.13 1.37+0.36 0.13 1.29+0.28 0
2008 Pérez-Guisado et al. (144) 12 weeks 0.12 1.3+1.69 0.12 1+0.03 0
2008 Shai et al. (145) 104 weeks 0.05 0.97+0.87 0.22 1+0.25 0.17
2009 Davis et al. (147) 0-26 weeks 0.17 1.3+0.24 0.16 1.2+0.29 -0.01
2009 Davis et al. (147) 0-52 weeks 0.1 1.3+0.24 0.16 1.2+0.29 0.06
2009 Volek et al. (148) 12 weeks 0.13 0.93+0.7 0.1 1.01+0.16 -0.03
2010 Foster et al. (149) 12 weeks 0.06 1.19+0.35 0.06 1.17+0.3 -0.01
2010 Foster et al. (149) 26 weeks 0.14 1.19+0.35 0.16 1.17+0.3 0.02
2010 Foster et al. (149) 52 weeks 0.11 1.19+0.35 0.21 1.17+0.3 0.1
2010 Foster et al. (149) 104 weeks 0.2 1.19+0.35 0.2 1.17+0.3 0.12
2010 Igbal et al. (150) 0-26 weeks -0.06 1.06+0.33 0.01 1.05+0.33 0.07
2010 Igbal et al. (150) 0-52 weeks 0.07 1.06£0.33 0.07 1.05+0.33 0.03
2010 Igbal et al. (150) 0-104 weeks 0.02 1.06+0.33 0.02 1.05+0.33 0.02
2010 Yancy et al. (151) 48 weeks 0.1 0.95+0.81 0.1 1.02+0.32 0.09
2011 Paoli et al. (152) 6 weeks - 1.19+0.19 0.15 - -
2013 Guetal. (153) 0-4 weeks - 1.15+0.04 -0.06 - -
2013 Liuetal. (154) 12 weeks 0.28 1.3+0.35 0.15 1.44+0.08 -0.13
2014 Bazzano et al. (155) 52 weeks 0.18 1.4+0.3 0.24 1.5+0.3 0.06
2017 Saslow et al. (156) 32 weeks 0.11 1.18+0.39 0.1 1.39+0.33 -0.01
2018 Gardner et al. (157) 52 weeks 0.08 1.29+0.24 0.08 1.28+0.23 0

Note: Diff. Between groups, (—) sign denotes better outcome for LFD.
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Table 1-1 Lipids triglycerides and TG/HDL-ratio difference between LCHF and LFD (Part 6)

Triglycerides (mmol-L™)

Difference  Baseline Change Baseline Change

year Author Duration  LCHF -LFD MEAN£SD mmol-L™' MEAN£SD mmol-L™*
1992 Garg et al. (125) 3 weeks -0.7 4.01+0.68 -1.46 4.01+0.68 -0.76
2003 Brehm et al. (127) 0-12 weeks -0.56 1.68+0.15 -0.64 1.23+0.11 -0.08
2003 Brehm et al. (127) 0-26 weeks -0.41 1.68+0.15 -0.39 1.23+0.11 0.02
2003 Samaha et al. (129) 26 weeks -0.35 212199 -043 199135 -0.08
2003 Volek et al. (130) 4 weeks -0.29 0.86+0.32 -0.26 0.79+0.6 0.03
2004 Meckling et al. (131) 10 weeks -0.07 1.54+0.25 -0.45 1.51+0.27 -0.38
2004 Sharman et. al. (132) 6 weeks -1.13 1.55+0.49 -0.68 0.87+0.24 0.45
2004 Stern et al. (133) 0-52 weeks 1.17 2274231 -0.64 1.83+0.88 -1.81
2004 Volek et al. (135) 4 weeks -0.12 1+0.38 -0.23 1+0.38 -0.11
2004 Yancy et al. (136) 24 weeks 0.1 1.78+0 -0.21 2.15+0 -0.31
2005 Dansinger et al. (137) 0-8 weeks -0.36 1.724¢1.11 -0.36 1.96+1.47 0
2005 Dansinger et al. (137) 0-26 weeks -0.09 1.724¢1.12 -0.12 1.96+x1.47 -0.03
2005 Dansinger et al. (137) 0-52 weeks -0.07 1.72+1.13 -0.01 1.96+x1.47 0.06
2005 McAuley et al. (138) 0-26 weeks -0.49 1.87+0.82 -0.83 1.88+0.57 -0.34
2005 McAuley et al. (138) 0-52 weeks -0.16 1.87+0.82 -0.47 1.88+0.57 -0.31
2005 Yancy et al. (140) 16 weeks -1.12 2.69+287 -1.12 0+0 0
2006 Nielsen JV and Joensson E. (23) 12 weeks -0.2 1.4+1.8 -0.2 1+1 0
2006 Nielsen JV and Joensson E. (23) 12-26 weeks 0.2 1.2+0.8 0.2 1+1 0
2006 Nielsen JV and Joensson E. (23) 26-102 weeks 0 1.4+0.9 0 0+0 0
2006 Noakes et al. (125) 12 weeks -0.65 1.83+0.19 -0.72 1.51+0.13 -0.07
2007 Gardner et al. (142) 0-8 weeks -0.71 1.41+0.88 -0.59 1.33+0.7 0.12
2007 Gardner et al. (142) 0-26 weeks -0.31 1.41+0.88 -0.4 1.33+0.7 -0.09
2007 Gardner et al. (142) 0-52 weeks -0.16 1.41+0.88 -0.33 1.33+0.7 -0.17
2008 Shai et al. (145) 104 weeks -0.24 5.6+1.7 -0.27 5.2+14 -0.03
2009 Davis et al. (147) 0-26 weeks -0.06 1.4+0.84 -0.02 1.4+0.67 0.04
2009 Davis et al. (147) 0-52 weeks -0.14 1.4+0.84 -0.15 1.4+0.67 -0.01
2009 Volek et al. (148) 12 weeks -0.8 2.38+0.65 -1.21 2.11+0.65 -0.41
2010 Foster et al. (149) 12 weeks -0.25 1.28+0.62 -0.45 1.4+0.83 -0.2
2010 Foster et al. (149) 26 weeks -0.18 1.28+0.62 -0.45 1.4+0.83 -0.27
2010 Foster et al. (149) 52 weeks -0.16 1.28+0.62 -0.36 1.4+0.83 -0.2
2010 Foster et al. (149) 104 weeks 0.02 1.28+0.62 -0.14 1.4+0.83 -0.16
2010 Igbal et al. (150) 0-26 weeks 0.09 1.75+1.22 -0.01 1.89+1.08 -0.1
2010 Igbal et al. (150) 0-52 weeks 0.01 1.75+1.22 -0.14 1.89+1.08 -0.15
2010 Igbal et al. (150) 0-104 weeks -0.14 1.75£1.22 -0.29 1.89+1.08 -0.15
2010 Yancy et al. (151) 48 weeks -0.09 1.72+0.84 -0.33 1.54+0.84 -0.24
2011 Paoli et al. (152) 6 weeks -0.28 1.34+0.68 -0.28 1+1 0
2013 Guetal. (153) 0-4 weeks - 1.98+0.23 -0.87 - -
2013 Liuetal. (154) 12 weeks -0.47 1.69+1.3 -0.9 1.33+0.12 -043
2014 Bazzano et al. (155) 52 weeks -0.16 1.3+0.6 -0.23  1.4%0.9 -0.07
2017 Saslow et al. (156) 32 weeks -0.61 1.97+0.90 -0.68 1.71+0.98 -0.07
2018 Gardner et al. (157) 52 weeks -0.2 1.45+0.13 -0.31 1.45+0.80 -0.11

Note: Diff. Between groups, (—) sign denotes better outcome for LCHF.

TG/HDL-C ratio

Difference  Baseline Change Baseline Change

year Author Duration LCHF - LFD MEAN+SD MEAN£SD

2004 Meckling et al. (131) 10 weeks -0.5 1.2+0 -0.5 1.1+0 -0.1
2004 Sharman et. al. (129) 6 weeks -0.66 1.56+£0.58 -0.66 0.9+0.27 0.53
2004 Volek et al. (130) 4 weeks -0.54 1.91+1.03 -0.54 1.91+1.03 -0.08
2005 Dansinger et al. (137) 0-8 weeks 0 0+0 0 0 0
2006 Nielsen JV and Joensson E. (23) 12 weeks -04 1.4+0.9 -0.4 - -
2006 Nielsen JV and Joensson E. (23) 12-26 weeks - 1+0.6 0 - -
2006 Nielsen JV and Joensson E. (23) 26-102 weeks - 1+0.7 0.3 - -
2006 Noakes et al. (125) 12 weeks 0 0+0 0 0 0
2009 Volek et al. (148) 12 weeks -3.3 6.2+2.2 -3.3 5+2 -1
2010 Yancy et al. (151) 48 weeks -1 45+2.7 -1 3.9+2.6 -0.77

Note: Diff. Between groups, (—) sign denotes better outcome for LCHF.
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Table 1-1 Fasting glucose difference between LCHF and LFD (Part 7)

Fasting glucose (mmol-L™)

Difference  Baseline Change Baseline Change

year Author Duration ~ LCHF - LFD MEANSD mmol-L™* MEAN+SD mmol-L™*
1992 Garg et al. (126) 3 weeks -2.6 36.7¢3.8 -16 35.4+35 1
2003 Brehm et al. (127) 0-12 weeks -0.26 5.51+0.14 -0.29 5.06+0.12 -0.03
2003 Brehm et al. (127) 0-26 weeks -0.3 551+0.14 -05 5.06+0.12 -0.2
2003 Samabha et al. (129) 26 weeks -0.5 7.11+294 -061 6.89+2.61 -0.11
2003 Samabha et al. (129) 26 weeks -0.17 5.67+0.78 -0.11 5.72+0.78 0.06
2003 Samaha et al. (129) 26 weeks -1.17 9.33+35 -1.44 8.78+3.39 -0.28
2004 Meckling et al. (131) 10 weeks 0.06 6.28+0.67 -0.5 5.44+0.44 -0.56
2004 Sharman et. al. (132) 6 weeks -04 5.23+0.35 -0.3 4.93x041 0.1
2004 Stern et al. (133) 0-52 weeks -0.01 5.61+0.72 0.05 5.66+0.72 0.06
2004 Sternetal. (133) 0-52 weeks -0.44 9.21+366 -155 8.55+2.78 -1.11
2004 Volek et al. (134) 4 weeks -0.28 4.78+0.22 -0.17 4.78+0.22 0.11
2005 Dansinger et al. (137) 0-8 weeks -0.37 7.06+£344 -054 6.72£3.06 -0.17
2005 Dansinger et al. (137) 0-26 weeks -7.52 7.06+3.44 -78 6.72+3.06 -0.28
2005 Dansinger et al. (137) 0-52 weeks 0.15 7.06+3.44 -0.08 6.72+3.06 -0.23
2005 McAuley et al. (138) 0-26 weeks 0.1 5.1+0.6 -0.3 5+0.6 -04
2005 McAuley et al. (138) 0-52 weeks -0.1 5.1+0.6 -0.2 5+0.6 -0.1
2005 Nielsen et al. (139) 26 weeks -2.9 11+2.8 41 12318 -1.2
2005 Yancy et al. (140) 16 weeks -1.51 9.08+4.09 -1.51 0 0
2006 Noakes et al. (125) 12 weeks 0 5.3+0.1 0 5.3+0.1 0
2006 Truby et al. (141) 0-8 weeks 0.1 547+05 -0.04 54605 -0.14
2006 Truby et al. (141) 8-26 weeks 0.16 543+04 -0.13 5.32+05 -0.29
2006 Truby et al. (141) 0-26 weeks 0.27 547405 -0.19 5.46+05 -0.46
2007 Gardner et al. (142) 0-8 weeks -0.32 5.11+9 -04 5.17+0.72 -0.08
2007 Gardner et al. (142) 0-26 weeks -0.17 5.11+9 -0.2 5.17+0.72 -0.03
2007 Gardner et al. (142) 0-52 weeks -0.06 5.11+9 -0.1 5.17#0.72 -0.04
2008 Pérez-Guisado et al. (144) 12 weeks -0.92 6.1+2.22  -0.92 0 0
2008 Shai et al. (145) 104 weeks -0.32 5.14+1.58 -5.14 4.83+1.44 -4.83
2009 Volek et al. (148) 12 weeks -0.56 5.61+0.72 -0.67 5.33+0.67 -0.11
2010 Igbal et al. (150) 0-26 weeks -0.12 8.77+3.46 -0.53 8.07+2.82 -041
2010 Igbal et al. (150) 0-52 weeks -0.07 8.77+3.46 -0.79 8.07+2.82 -0.72
2010 Igbal et al. (150) 0-104 weeks 0.14 8.77+3.46 -0.1 8.07+2.82 -0.24
2010 Yancy et al. (151) 48 weeks 0 242 0 1+1 0
2011 Paoli et al. (152) 6 weeks - 5.33+0.67 -0.28 - -
2013 Guetal. (143) 0-4 weeks - 5.3+0.1 -0.3 - -
2013 Liuetal. (154) 12 weeks 0.39 6.01+0.9 0.1 6.15+2.09 -0.29
2014 Bazzano et al. (155) 52 weeks 0.12 5.2+0.6 0.02 5.2+0.5 -0.1
2018 Gardner et al. (148) 52 weeks 0 5.5+0.5 -0.2 5.5+0.5 -0.2

Note: Diff. Between groups, (—) sign denotes better outcome for LCHF.
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Table 1-1 HbAlc and fasting insulin difference between LCHF and LFD (Part 8)

HbAlc (%)

Difference  Baseline Change Baseline Change
year Author Duration LCHF-LFD MEAN+SD % MEAN+SD %
1992 Garg et al. (126) 3 weeks -0.7 8.7+1.1 -1.6 8.7+1.1 -0.9
2003 Samaha et al. (129) 26 weeks -0.6 7.8+1.2 -0.6 7.4+1.5 0
2004 Stern et al. (133) 0-52 weeks -0.7 7.4+1.6 -0.8 7.3+1.1 -0.1
2005 Yancy et al. (136) 16 weeks - 7.5+1.4 -1.2 - -
2009 Davis et al. (147) 0-12 weeks -0.38 7.5+1.5 -0.64 7414 -0.26
2009 Davis et al. (147) 0-26 weeks -0.14 7.5%+1.5 -0.29 74+1.4 -0.15
2009 Davis et al. (147) 0-52 weeks -0.26 7.5+1.5 -0.02 7.4+14 0.24
2010 Igbal et al. (150) 0-26 weeks -0.2 7.9+1.7 -0.5 7.6+1.3 -0.3
2010 Igbal et al. (150) 0-52 weeks 0.2 7.9+1.7 -0.1 7.6+1.3 -0.3
2010 Yancy et al. (151) 48 weeks 1.2 6.2+1 4.2 6.4+1.4 54
2017 Saslow et al. (156) 32 weeks -0.5 7.1+0.4 -0.8 7.2+0.3 -0.3

Note: Diff. Between groups, (-) sign denotes better outcome for LCHF.
Fasting insulin (pmol-L™)

Difference  Baseline Change Baseline Change
year Author Duration  LCHF - LFD MEAN#SD pmol-L™ MEAN+SD pmol-L™
1992 Garg et al. (126) 3 weeks -200 24701594 198 23901528 398
2003 Brehm et al. (127) 0-12 weeks -116.5 101.4+1.8 -31.8 23.9+2.34 84.7
2003 Brehm et al. (127) 0-26 weeks 18 101.4+1.8 -15 14344234 -33
2003 Samabha et al. (129) 26 weeks -122 132+120 -116 108+10 6
2003 Samabha et al. (129) 26 weeks -48 240+252 -48 216+26 0
2004 Meckling et al. (131) 10 weeks -36.6 142.2+2.7 -40.8 1254413 -4.2
2004 Sharman et. al. (132) 6 weeks -42.3 77.1+32.7 -32 4514275 103
2004 Stern et al. (133) 0-52 weeks -63 153+139 -49 160+299 14
2004 Stern et al. (133) 0-52 weeks -7 292+333 -35 2294174 -28
2004 Volek et al. (135) 4 weeks -13.1 41+21.6 -3.6 41+21.6 9.5
2005 Dansinger et al. (137) 0-8 weeks -20.4 132+16 -30.6  180+18 -10.2
2005 Dansinger et al. (137) 0-26 weeks 13.8 132+16 -13.8  180+18 -27.6
2005 Dansinger et al. (137) 0-52 weeks 199.8 132+16 -7.2 180+18 -207
2005 McAuley et al. (138) 0-26 weeks -34 83.5+0 -285  87.8+0 -25.1
2005 McAuley et al. (138) 0-52 weeks 10 83.5+0 -21.7 87.8+0 -31.7
2006 Noakes et al. (125) 12 weeks -29.4 64.2+1.1 -21.6 51.6+0.7 7.8
2007 Gardner et al. (142) 0-8 weeks -11.4 60+7 -18 6015 -6.6
2007 Gardner et al. (142) 0-26 weeks -24 6017 -24.6 605 -0.6
2007 Gardner et al. (142) 0-52 weeks -27.6 60+7 -28.8 605 -1.2
2008 Shai et al. (145) 104 weeks -84.6 84.6+10.2 -84.6 0 0
2009 Volek et al. (148) 12 weeks -40 107487 -53 70147 -13
2009 Volek et al. (148) 12 weeks -467 10324901 -503 609+306 -36
2013 Guetal. (153) 0-4 weeks -73.8 1354 -73.8 - -
2014 Bazzano et al. (155) 52 weeks 104 102.8+63.9 -13.9 105.6+54.9 -24.3
2018 Gardner et al. (157) 52 weeks -0.2 15.5+8.0 -29 159+135 -2.7

Note: Diff. Between groups, (-) sign denotes better outcome for LCHF.
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Table 1-1 HOMA-IR & systolic blood pressure difference between LCHF and LFD (Part 9)

HOMA-IR
Difference  Baseline Change Baseline Change

year Author Duration  LCHF -LFD MEAN+SD MEANSD

2004 Sharman et. al. (132) 6 weeks -1.08 2.49+1.05 -1.08 1.41+0.97 0.33
2004 Volek et al. (130) 4 weeks -0.18 1.28+0.68 -0.18 1.28+0.68 0.35
2008 Pérez-Guisado et al. (144) 12 weeks 0 010 0 0 0
2008 Shai et al. (145) 104 weeks -3.2 3.242.9 -3.2 2.9+1.8 -2.9
2009 Volek et al. (148) 12 weeks -1.6 2.9+25 -1.6 1711 -0.3
2013 Guetal. (153) 0-4 weeks - 6.1+1.5 -3.8 - -
2013 Guetal. (153) 4-8 weeks - 2.3+0.2 0.5 - -

Note: Diff. Between groups, (-) sign denotes better outcome for LCHF.

Systolic blood pressure (mm Hg)

Difference  Baseline Change Baseline Change

year Author Duration  LCHF -LFD MEAN+SD mmHg MEAN+SD mmHg
2003 Brehm et al. (127) 0-12 weeks -5 116+3 -4 115+2 1
2003 Brehm et al. (127) 0-26 weeks 0 116+3 -2 115+2 -2
2004 Meckling et al. (131) 10 weeks 1 12543 -10 121+2 -11
2004 Stern et al. (133) 0-52 weeks -2 13316 1 139+16 3
2005 Dansinger et al. (137) 0-8 weeks -2.9 129+17 -4 133+17 -1
2005 Dansinger et al. (137) 0-26 weeks -34 129+17 -4 13317 -1
2005 Dansinger et al. (137) 0-52 weeks -0.9 129+17 -1 133+17 -1
2005 Yancy et al. (140) 16 weeks - 135+15 0 - -
2006 Truby et al. (141) 0-8 weeks 2.2 135+15 -6 127+15 -4
2006 Truby et al. (141) 8-26 weeks -04 129+13 -1 124+10 -1
2006 Truby et al. (141) 0-26 weeks -3.1 135+15 -7 12715 -4
2007 Gardner et al. (142) 0-8 weeks 5.2 118+11 -7 11610 -2
2007 Gardner et al. (142) 0-26 weeks -4.7 118+11 -6 116+10 -2
2007 Gardner et al. (142) 0-52 weeks -5.7 118+11 -8 116+10 -2
2008 Pérez-Guisado et al. (144) 12 weeks -15.66 12645 -17 1+1 -1
2008 Shai et al. (145) 104 weeks 1 131+15 -4 130+2 -5
2009 Dauvis et al. (147) 0-12 weeks -4.82 125+18 -6 130+17 -1
2009 Dauvis et al. (147) 0-26 weeks 36.22 125+18 -1 130+17 -37
2009 Dauvis et al. (147) 0-52 weeks 3.8 125+18 2 130+17 -2
2010 Foster et al. (149) 12 weeks -2.54 124+14 -8 125+16 -5
2010 Foster et al. (149) 26 weeks -0.39 124+14 -7 125+16 -7
2010 Foster et al. (149) 52 weeks -1.58 124+14 -6 125+16 -4
2010 Foster et al. (149) 104 weeks -0.09 124+14 -3 125+16 -3
2010 Igbal et al. (150) 0-26 weeks -1.2 140+20 -3 140+20 -2
2010 Igbal et al. (150) 0-52 weeks 6 140+20 -4 140+20 -10
2010 Igbal et al. (150) 0-104 weeks -6.7 140+20 -11 140+20 -5
2010 Yancy et al. (151) 48 weeks -4.44 135+16 -6 129+16 -2
2013 Guetal. (153) 0-4 weeks -11.1 135+3 -11 0 0
2013 Liuetal. (154) 12 weeks -5.3 134+17 -20 131+17 -15
2014 Bazzano et al. (155) 52 weeks 0 120+13 -0.2 125+14 -0.2
2018 Gardner et al. (157) 52 weeks -1.1 123+12.4 -4 123+13 -2.9

Note: Diff. Between groups, (=) sign denotes better outcome for LCHF.
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Table 1-1 Diastolic blood pressure & C-reactive protein difference between LCHF and LFD (Part 10)

Diastolic blood pressure (mm Hg)

Difference  Baseline Change Baseline Change
year Author Duration  LCHF -LFD MEAN+SD mmHg MEAN+SD mmHg
2003 Brehm et al. (127) 12 weeks -7 79+3 -7 752 0
2003 Brehm et al. (127) 26 weeks -4 79+3 -5 75+2 -1
2004 Meckling et al. (131) 10 weeks -1.1 7814 -6 78+3 -5
2004 Sternetal. (133) 0-52 weeks 2 7711 3 8219 1
2005 Yancy et al. (140) 16 weeks -5.1 79115 -5 1+1 0
2006 Truby et al. (141) 0-8 weeks 0.5 83+11 -3.6 80+11 -4
2006 Truby et al. (141) 8-26 weeks -0.3 798 -11 767 -1
2006 Truby et al. (141) 0-26 weeks -0.5 83+11 -4.9 80+11 -4
2007 Gardner et al. (142) 0-8 weeks -2.5 758 -2.9 7548 0
2007 Gardner et al. (142) 0-26 weeks -2.3 758 -3.3 7548 -1
2007 Gardner et al. (142) 0-52 weeks -3.7 7518 -4.4 75+8 -1
2008 Pérez-Guisado et al. (144) 12 weeks -9.28 85+3 -9.3 - -
2008 Shai et al. (145) 104 weeks 0.1 7949 -0.8 79+9 -1
2009 Davis et al. (147) 0-12 weeks -1.8 7319 2.2 77+10 0
2009 Davis et al. (147) 0-26 weeks -1.88 739 -0.9 7710 1
2009 Davis et al. (147) 0-52 weeks -0.7 739 -2.9 7710 -2
2010 Igbal et al. (150) 0-26 weeks 3.5 7910 1 8012 -3
2010 Igbal et al. (150) 0-52 weeks 3.8 7910 -1.2 8012 -5
2010 Igbal et al. (150) 0-104 weeks 0.5 7910 -3.8 8012 -4
2013 Guetal. (153) 0-4 weeks -6 83+2 -6 - -
2013 Liuetal. (154) 12 weeks -3 8718 -10.8 86+10 -8
2014 Bazzano et al. (155) 52 weeks -0.7 78+9 -0.5 79+8 0.2
2018 Gardner et al. (157) 52 weeks -1 81+8 -3 81+7 -2

Note: Diff. Between groups, (-) sign denotes better outcome for LCHF.
C-reactive protein (mg-L™)

Difference  Baseline Change Baseline Change
year Author Duration ~ LCHF -LFD MEAN+SD mg-L™" MEAN+SD mg-L™
2005 Dansinger et al. (137) 0-8 weeks 0.28 4.4+3.8 -0.33  4.4435 -0.61
2005 Dansinger et al. (137) 0-26 weeks -0.01 4.4+3.8 -0.71  4.4435 -0.7
2005 Dansinger et al. (137) 0-52 weeks 0.18 4.4+3.8 -0.7 4.4+35 -0.88
2006 Noakes et al. (125) 12 weeks 0.34 5.27+0.71 -0.76 4.52+0.78 -11
2008 Shai et al. (145) 104 weeks 2.66 4.5+3.3 -0.95 3.6x2.9 -3.6
2014 Bazzano et al. (155) 52 weeks 18 46.7+40 -6.7 46.7+48.6 -8.5

Note: Diff. Between groups, (=) sign denotes better outcome for LCHF.

LCHF= Low CHO diet / LFD= Low fat diet / SD= Standard deviation / LCHF-LFD= difference between intervention / Change=
difference between post intervention result and baseline (+) indicates weight gain, (-) indicates weight loss and so forth / kg=
kilograms / cm= centimetres / mmol-L-1l millimoles per litre / % = percent / pmol-L-1= picomole per litre / mmHg = millimetres of

mercury / mg-L-1 = milligrams per litre.
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Exercise and the prevention of type 2 diabetes and obesity, therefore

metabolic syndrome

Physical activity plays a very crucial role in improving aerobic fitness (36), glycaemic control and
insulin sensitivity, and the maintenance of fat-free mass during energy restriction for weight loss (158).
Nevertheless, exercise has been underutilised in this regard (159) perhaps for two main reasons: the
first being high levels of attrition on exercise interventions (160) due to a patients’ persistent excuse of
lack of time (36, 159), fatigue, and the idea of not being in control of the situation, regardless of their
ability to perform the exercise or not (161); and the second is the physicians’ limited knowledge of how
to use it effectively (162, 163). Hence, most are not willing to prescribe exercise to people with T2DM
(164). Physical activity guidelines indicate that most adults will respond positively to accumulating at
least 150 min of aerobic exercise of moderate activity or 75 min of vigorous intensity exercise and at
least two sessions of resistance exercise per week, though smaller amounts of activity still provide
some health benefits (36, 165).

Diabetes Canada’s 2018 Clinical Practice Guidelines for Physical Activity for Diabetes (36) dedicates a
predominant amount of its recommendations to HIIT and RT, while the latest American College of
Sport Medicine and the American Diabetes Association Position Statement recommendations for
Diabetes, and Exercise and Sports Science Australia (159, 166) specifically tailored for type 2
diabetes, has shown evidence that identifies RT and HIIT are very potent exercise modalities that

promote glycaemic and metabolic control (167-169).

The metabolic effects of exercise are divided into acute (which are immediate and transient) effects,
and a succession of new iterations of a similar stimulus which can create chronic effects. These may
not last any longer than 48-72 h unless another repetition is produced within that period; if that
happens these effects could extend beyond that time. Commonly named as training effects, these are
more durable physiological adaptations that may last or eventually diminish if not continued to be
carried out up to the level of maintenance (physical activity) that is provided. These adaptations cannot

be understood without one another (170).

Acute effect of exercise for metabolic health

There is evidence demonstrating that a single exercise session of aerobic or resistance training can
reduce glycaemia in individuals with or without a metabolic disease (37, 171, 172), and that is
important because the cumulative effect is responsible for its long-term effect (training effect). For this
reason, it is essential to assess its acute effect and have adequate information to plan and implement

training programmes for maintaining and improving metabolic health. The acute effect of a single
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exercise session is also responsible for the effect on energy expenditure and lipid oxidation in the long
term. As it happens with most performance, after some time the improvements may be of a small
magnitude, but knowing the acute effect is going to be beneficial is helpful for developing training

strategies.

Acute effect of exercise and glycaemic control

Aguiar et al. (173) tested the hypoglycaemic effect of a single RT session in 89 normoglycaemic adults
with at least 6 months RT experience, BMI< 30 kg-m~2 and an average age of 29.1+3.4 years,
separated into six groups that completed RT protocols consisting of 8 exercises on the following
exercise machines: (bench press, leg press 45°, seated row, leg extension, shoulder press, leg curl,
triceps pulley, barbell curls): Groupl, control session (n = 12); Group 2, circuit (2 x 18 at 50% of 1RM;
n =12); Group 3, 2 sets of 18 repetitions (2 x 18 at 50% of 1-repetition maximum (1RM); n = 19);
Group 4, 3 sets of 12 repetitions (3 x 12 at 70% of 1RM; n = 14); Group 5, 4 sets of 9 repetitions (4 x 9
at 80% of 1RM; n = 13); and Group 6, 6 sets of 6 repetitions (6x 6 at 90% of 1RM; n = 19). At the end
of the exercise a 759 oral glucose tolerance test was conducted with metabolic measurements every
15 min starting immediately after each RT protocol until 120 min of recovery was reached. All groups
had significantly lower values (p < 0.05) in the glucose area under the curve (AUC) when compared
with the control over a 120 min monitoring period. The 6 x 6 protocol (Group 6) showed a significantly
lower glucose AUC vs 3 x 12 protocol (Group 4) and 4 x 9 protocol (Group 5) (p = 0.004; p = 0.001,
respectively). As for blood lactate, the control (Group 1) and 6 x 6 protocol (Group 6) exhibited lower
AUC values versus all other groups (p < 0.05), and AUC for glucose and lactate concentration showed
a negative and significant correlation (r = —0.46; p < 0.001). The authors concluded that it appears a
combination of 9-12 repetitions per set and 3-4 sets per muscle group might be optimal for acute

postprandial glucose control (See Table 1-2 part 1).

Parker et al. (171) attempted to clarify if HIIT had the same acute hypoglycaemic response as
moderate intensity continuous training (MICT), as the effects of intensity have not been fully
elucidated. They compared a HIIT protocol consisting of a 5 min warm-up, 8 x 1- min cycling bouts at
100% of Wmax (175 £ 19 W), interspersed with 1-min active recovery periods cycling at 50 W. A 3-min
cooldown was instigated at 50% of Wmax (total workout session 24 min) vs a MICT that consisted of
38 min (79 = 9 W) of continuous cycling at 50% of Wmax. Continuous glucose monitoring was
conducted the previous and following day of the exercise session. Standard breakfast, lunch and
dinner were provided during the four days that testing lasted; meals were based on sex, height and
weight, and consisted of approximately 55% CHO, 30% fat and 15% protein. Twenty-seven inactive,
overweight participants were randomly divided between the two exercise modalities, and their

characteristics were similar between interventions. Acute exercise significantly decreased postprandial
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glycaemia in whole blood (-6 + 5%, p< 0.01), irrespective of the exercise protocol. Acute exercise
provided a similar significant improvement in 24-h average glucose levels (-5 + 2%, p< 0.01), and
hyperglycaemic excursions (=37 + 60%, p< 0.01). The authors concluded that given its time-efficient
nature, HIIT might be an effective exercise mode to incorporate into exercise programmes for the
improvement of 24-h glycaemic control in inactive, overweight and obese adults (See Table 1-2 part
2).

Francois et al. (174) studied the effects of brief intense exercise, denominated as 'exercise snacks',
6x1 min intense (90% of maximal heart rate [HRmax]) incline walking interspersed with one min rest,
compared to the control of 30 min of incline walking (60% HRmax). The exercise snacks attenuated by
1.4+1.5 mmol/l, p= 0.02, the mean 3-h postprandial glucose concentration following breakfast and
dinner by a difference of 0.7 + 1.5 mmol-L* p= 0.04, but not lunch (0.4+1.0 mmol-L, p= 0.22). After
24-h, the exercise snacks also improved the 24-h mean glucose concentration by 0.7 = 0.6 mmol/l (p=
0.010) vs control. The authors concluded the ‘exercise snacks’ before main meals were a time-efficient
and effective approach to improve glycaemic control, this way confirming the hypothesis that small
doses of brief, intense exercise before each main meal (‘exercise snacks’) would result in better blood
glucose control than a single bout of prolonged, continuous, moderate-intensity exercise in individuals

with insulin resistance (174) (See Table 1-2 part 2).

Gillen et al. (175) investigated the acute effects of the first exercise session of Little et al. (167) that
comprised a HIIT protocol of 10 x 60 s cycling bouts at 90% HRmax, interspersed with 60 s of
recovery at 50 watts, a less demanding HIIT session they referred to as low volume HIIT; ideal for unfit
individuals (see High-intensity interval training; the new time efficient aerobic training section). Seven
T2 diabetic participants underwent CGM on a non-exercise day (control; CTRL) and an exercise day
under standardised conditions. It was found HIIT reduced hyperglycaemia, measured as a proportion
of time spent above 10 mmol/l (p=0.040). Postprandial hyperglycaemia, measured as the sum of post-
meal areas under the glucose curve (AUC), was also lower after HIIT vs CTRL (p=0.010). It was

concluded that HIIT had potential to improve glycaemic control in T2DM. (See Table 1-2 part 1).

Finally, Little et al. (17) used the same HIIT protocol (Little et al. 2011, Gillen et al. 2012) (167, 175)
and compared the acute effects of HIIT vs moderate intensity continuous training (MICT) which
consisted of 30 min at approximately 65% peak heart rate (HRpeak). Postprandial glucose (PPG)
responses to lunch did not change, but performing both HIIT and MICT in the morning significantly
(p<0.050) reduced the PPG incremental AUC following dinner when compared with the control day. All
meals were standardised, given prepacked and preweighed with instructions detailing the timing for

their ingestion, covering the 48 h period of the testing period. The PPG AUC and the PPG spike
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following breakfast on the following day were all significantly lower following HIIT compared with both
MICT and the control. Little et al. (17) concluded that a single session of HIIT has greater and more
lasting effect on reducing incremental PPG when compared with MICT (See Table 1-2 part 1).
Together, this collection of studies (17, 167, 175) indicates that HIIT seems to be effective for glucose
control because it may produce a greater glucose uptake post exercise and this is evident when using
CGM to measure postprandial glycaemia and it has greater and more lasting effects when compared
to MICT after having a standardised meal and despite the exercise HIIT duration being shorter. This is
important because endothelial function is affected by postprandial hyperglycaemia. Glucose
excursions can also promote oxidative stress directly, impairing flow-mediated dilation which
measures endothelial function; reducing nitric oxide bioavailability and activate inflammatory
pathways. Due to this, endothelial dysfunction plays a pivotal role in the development, progression,

and clinical complications of atherosclerosis.

Acute effect of exercise and energy expenditure

Rozenek et al. (176) investigated and compared the acute cardiorespiratory and metabolic responses
to four HIIT protocols consisting of 1 min x 10 work phases interspersed with 1 min recovery phases
that differed in work to rest intensity ratios (a) 80% - 0% peak power output (PPO); (b) 80% - 50%
PPO; (c) 100% - 0% PPO; and (d) 100% - 50% PPO. Eleven healthy adults volunteered to perform the
four HIIT sessions on separate occasions. It was hypothesised that HIIT interval training protocols
incorporating the 100% PPO work interval intensities would produce the highest observed average,
peak, and nadir cardiorespiratory and metabolic responses. The researchers found that compared to
the other protocols the 100% - 50% PPO produced the highest peak average and nadir % VOzpeak
(p<0.050). Al trials except the 80% - 0% PPO (that obtained the lowest % VO2peak), obtained nadir
values that were between the recommended ACSM intensities to improve cardiorespiratory fitness
(45-90% VO2-max; 65-90% HRmax). Similarly, average HR and peak HR, RPE, blood lactate, and %
VO2peak values were produced by 80% - 50% PPO and 100% - 0% PPO protocols. However, even if
the intensity was lower, the average %VOzpeak was significantly higher (9.3% absolute) in 80/50.
According to the researchers, it appeared that using the 80% - 0% PPO, 80% - 50% PPO, and 100% -
0% PPO protocols might be for individuals who are at the low to moderate end of the cardiorespiratory
fithess spectrum. Given the close and direct relationship of energy expenditure with oxygen utilisation
it can be implied that exercise protocols that exerted the greater VO2peak are those that can provide a
greater energy expenditure, therefore it is why this study was included in this this section of this review
(See Table 1-2 part 4).
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Schaun et al. (177) compared the acute effects during and after a single session of HIIT vs aerobic
exercise training (AET) on energy expenditure (EE), in 26 male adults between 18-35 y. Participants
were randomised to either HIIT (n=14) that consisted of 8x20 s at 130% of the velocity associated with
the maximal oxygen consumption on a treadmill with 10 s of passive rest, or AET (n = 12) which
consisted of 30 min running on a treadmill at a submaximal velocity equivalent to 90-95% of the heart
rate associated with the anaerobic threshold. At baseline, both groups had similar VO-. During
exercise, absolute EE (total kcal) (HIIT=52.78+7.5 kcal min~1 vs AET=390.45+65.15 kcal min~1) and
VO: (HIIT=10.45+1.48 vs AET=80.5+13.43 L-O2) were higher for AET. When this was expressed in
terms of kcal min~ and L-O2-min-%, both exercise modalities had similar values (HIIT=14.36 + 2.34
kcal-min~1 vs AET= 13.21 # 2.08 kcal-min~1), mean VO for HIIT= 2.84+0.46 L-min~1; vs AET=
2.72+0.43 L-min~1during exercise. At the end of the session during the early phase of recovery, things
were different; the total EE and VO2 now were significantly greater for HIIT, (HIIT=69.31+10.88 kcal vs
AET=55.99+10.20 kcal) and (HIIT=14.29+2.25 L Oz vs AET=11.55+2.10 L O) respectively. These
differences remained significant when expressed regarding time VO2: (HIIT=0.48+0.08 L-min-t vs
AET=0.39+0.07 L-min-t) and also for EE: (HIIT 2.31+0.36 kcal-min vs AET=1.87+0.34 kcal-min-t). For
the excess post-exercise oxygen consumption (EPOC) EE and VO were also significantly greater for
HIIT (HIIT=26.27+6.28 kcal vs AET=13.43+10.45 kcal), (HIIT=5.41+1.30 L O2vs AET=2.77+2.15 L
O3) respectively. The authors concluded that this data suggested supramaximal HIIT had a higher
impact on EE and EPOC in the early phase of recovery when compared to AET (See Table 1-2 part
4).

Likewise Paoli et al. (178) observed that intensity plays an important part when it comes to EE, after a
session of either high-intensity interval resistance training (HIIRT) or traditional RT despite traditional
RT requiring more time. When participants performed HIIRT, resting energy expenditure (REE) was
significantly greater within and in relation to traditional RT whose REE was significantly greater
between baseline and 22 h after the exercise session. The RQ was lower for HIIRT (p< 0.001). and
significantly greater than RT that did not show any difference within the group. From their study it can
be concluded that RT is an effective modality to increase REE while HIIRT can improve RQ as well as

intensity being a decisive factor for these changes to occur (See Table 1-2 part 3).

Using a randomised crossover design, Steele et al. (179) evaluated the effects of high-intensity
interval aerobic exercise and RT on VOz, respiratory exchange ratio (RER), blood lactate, energy
expenditure, muscle swelling, and electromyography in a sample of nine healthy males and ordinarily

active adults, under approximate iso-time and iso-intensity conditions. Exercise regimes were as
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follows: RT consisted of a leg press exercise (4x60 s sets of 12-RM) using a tempo of 2 s concentric
and 3 s eccentric phases of each repetition. A metronome controlled the tempo of the repetitions.
High-intensity aerobic exercise used a recumbent cycle ergometry; 4x60 s intervals with a resistance
that was barely allowed to culminate the allotted duration, had at least a cadence of 80 rpm. Both
modalities work intervals had 240 s passive breaks interspersed. Perceived effort was similar, and no
significant effects of condition were noted in any of the physiological responses assessed (all
p>0.050). Authors concluded that when high-intensity aerobic exercise and RT are performed under
the same conditions and the same muscle mass is involved, both exercise modalities produced similar
responses; therefore, it is sensible to suggest that both may offer a similar stimulus to produce chronic
physiological adaptations in outcomes such as cardiorespiratory fithess, strength, and hypertrophy.
Also, the authors recommended that future research should look to both replicate this study assessing
the same and additional physiological measures, and rigorously test the comparative efficacy of effort
and duration matched exercise of differing modalities concerning training improvements in

physiological fithess (See Table 1-2 part 5).

In summary this research suggest that high-intensity interval training and RT are both effective means
to increase energy expenditure after a single exercise session, while higher effort/intensity due to a
heavier load can enhance REE to a greater extent and even reduce RQ post RT. When effort and
duration are matched for HIIT and RT and the same muscle mass is involved, it is possible that both
exercise modalities may elicit similar physiological responses in VO, RER, blood lactate, energy

expenditure and may offer similar cardiorespiratory fitness, strength and hypertrophy.

Acute effect of exercise and blood pressure

Blood pressure is another parameter that is directly related to cardiovascular health, both aerobic and
resistance exercises have been found effective in reducing systolic and diastolic blood pressure with a
more accentuated effect in systolic blood pressure. A recent example is a study performed by Viana et
al. (28) where eleven participants with T2DM (age= 52.3 + 3y) participated in a randomised crossover
design to assess the effectiveness of self-prescribed HIIT vs MICT, having blood pressure as one of
the variables of interest. Participants underwent a HIIT session in a randomised order (7x1 min
interspersed with 2 min active recovery RPE 16-17 or 85% 5 bpm heart rate reserve (HRR), recovery
periods at 9-11 RPE or 50% 5bpm HRR) prescribed and self-regulated by RPE, HIIE prescribed and
regulated by HR, MICT (26 min jogging RPE 11-14) prescribed and regulated by RPE and a control.

Ambulatory 24-h BP was measured after each intervention. Researchers found that only HIIT self-
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regulated with RPE showed a reduction in 24-h ambulatory blood pressure (6.7+2.2 mmHg p<0.050)
and tendency towards a reduction in daytime systolic blood pressure (7.0+£2.5 mmHg p= 0.060). The
authors (28) concluded that HIIT was effective in reducing systolic blood pressure and that it was
feasible prescribing HIIT based on RPE (See Table 1-2 part 5).

Another example that shows the acute effects of exercise on reducing blood pressure is a study by
Morais et al. (180) that demonstrated that RT was more effective than aerobic exercise in improving
this parameter in the subsequent 24-h after a single session of either aerobic exercise [20 min cycling
@90% of lactate threshold (LT)] vs RT (3 x a circuit with 6 exercises, 8 reps @ 70% 1-RM
interspersed with 40 s of recovery) and a non-exercise control session. Ten participants with T2DM
participated (age: 55.8+7.7 years; weight: 79.4+14.0 kg; fasting glucose: 7.38+2.04 mmol-L1). Apart
from BP, researchers also assessed HR, mean arterial (MAP) and pulse (PP) BP, as well as
lactataemia (Lac), VO3, respiratory exchange ratio (RER) and RPE measured at rest, during exercise
and control (CON) periods, and 60 min after interventions. BP was also monitored over a 24 h period
after each session. Only RT registered a post-exercise BP reduction compared to control, that lasted
8-h after exercise. Comparing pre-exercise rest BP, the BP dip during sleep was greater for RT (p <
0.050). Morais et al. (180) concluded that RT was more effective for improving BP after a single bout

for individuals with T2DM than aerobic exercise (see Table 1-2 part 6).
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Table 1-2 Acute effect of exercise, part 1 glycaemic control

Study characteristics Primary findings
Gillen et al. 2012 (175) *Average post-meal peak glucose concentration ( mmol-L™)
DESIGN: Experimental controlled DIEFERENCE
trial HIT CTRL
n=7 individuals with T2DM that
HIIT-CTRL
acted as
as their own controls. 91+19 10.8+25 -1.7 p<0.001
Duration: 2 days **Average blood glucose 60—120 min following meals (mmolsL™)
Sessions: 1
80+16 9.3+23 -1.3 p<0.001
CTRL: non exercise session
***Average time spent in hyperglycaemia (%)
Exercise
HIIT= 10 x 60-s cycling bouts ~90%
45+4.4 15.2+12.3 -10.7 p=0.040
HRmax interspersed with 60 s rest.
24-h average blood glucose (mmol-L™)
Std. Diet: E: 1704 + 226 kcal CHO
52+5%
PRO: 18 + 3% FAT: 30 = 7% 7212 78+11 -0.6 p=0.160
*Average 3-h post-meal (lunch, dinner and breakfast) glucose area under the curve (AUC).
*Post-meal peak glucose concentration and average post-meal glucose calculated from 24-h CGM dat
***Average time spent in hyperglycaemia (210 mmol-L™) over 24-h. T2DM= type 2 diabetes mellitus;
= high-intensity interval training; CTRL= control; HRmax= maximal heart rate; E= energy; kcal= kilocalc
PRO= protein; CHO= carbohydrate; FAT= lipids; mmolsL™ = millimoles per litre.
Difference between HIIT and CTRL, a negative sign indicates better outcome for HIIT
Little et al. 2014 (17) DIFFERENCE
n= 10 overweight or obese
individuals
that acted as well as controls CTRL HIT MICT HIIT - MICT

Duration: 3 days

Sessions: 1 per type of exercise

PPG incremental AUC to dinner after exercise morning mmolsL™x 2 h
CTRL= no exercise

162 + 46 110+ 35 125+ 34 -15 (all p<0.050)

Exercise

HIIT= 10 x 60-s cycling bouts

~90% HRpeak interspersed with  PPG AUC breakfast one day after exercise mmolsL™x 2 h

60 s rest.
MICT: 30 min at ~65% HRea 194 + 96 125 + 53 186 + 55 -61
Diet PPG spike (mmol-L™)
E=29 kcal*kg™? CHO= 66+4%
PRO=11+2% 30+15 21+09 3.0+0.9 0.9 (all p< 0.050)

FAT=23+2%
All meals were standardised,
prepacked preweighed with

instructions detailing the timing Difference between HIIT and MICT, a negative sign indicates better outcome for HIIT
for each of the meals PPG= postprandial glycaemia AUC= area under the curve; HIIT= high-intensity interval exercise;
provided covering the. MICT= moderate intensity continuous exercise; CTRL= control. HRpeak=
48 h period of the experimeal trial. peak heart rate; h= hours; s= seconds; E= daily energy intake; kcal= kilocalories;

CHO= carbohydrate; PRO= protein; FAT= lipids; mmolsL-1= millimoles per litre.
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Table 1-2 Acute effect of exercise part 2 glycaemic control

Francois et al. 2014 (174)
DESIGN: Experimental within-
participants
randomised cross over design (MICT, RT
based interval exercise, and walking-RT
based interval exercise)

Exercise regime Blood glucose concentration (mmol-L™)
mean + SD of variation within participants
Glycaemia across each day over the intervention

n=74, 29 T2DM adults

Exercise
MICT: Incline walking @60%
HRmax DIFFERENCE
Total exercise: 30-min. When: 30 COMBINED -

min HIT MICT COMBINED HIIT - MicT MICT

before evening meal. Baseline day 6.55+1.13 6.37+0.87  6.63+1.11 0.18 0.26

Exercise day 6.04+£0.84*t  6.74+1.17 5.95+0.87 -0.7 -0.79

HIIT: 6x60-s intense walking @ 90% HRr Day after exercise 6.07+0.73t 6.48+1.03 6.28+0.91 -0.41 -0.2

interspersed with 60-s of light

walking.
Total Exercise: 12 min.
When: 30 min
before breakfast, lunch & dinner.
Combined: HIIT + alternating betweer

walking and resistance based

exercise.

*p <0.050 for HIIT vs MICTon exercise day (main effect)
1 p<0.050 for HIIT vs MICT compared with baseline day (interaction effect)
T2DM-= type 2 diabetes mellitus; HIIT= high-intensity interval exercise; MICT= moderate intensity
continuous exercise; HRmax= maximal heart rate; s= seconds; mmolsL*= millimol per litre.

Total exercise: 12 min. When:

Differences are between HIIT or COMBINED vs MICT a negative result indicates a better outcome
30 min before evening meal & dinner

for HIIT or COMBINED

Parker et al. 2017 (171) LV-HIT MICT DIFFERENCE
CGM (mmol-L™Y) Ex day Ex day
DESIGN: E i tal domised
xper|men al randomise LV-HIIT - MICT
trial
n=27 Breakfast 53+0.3 5.4 +0.4* -0.1
LV-HIIT n=14 99, 58
st
MICT n= 13 89, 58 Breakfast (1°h) 54,9, 581+ 0.4 0.4
before exercise
Sedentary at risk of T2DM, ¢ with
or without PCOS
nd
Duration: 1 session Breakfa-st @ 4.5+ 0.2% 5.0+ 0.4* -0.5
after exercise
Exercise Lunch 51+0.1 57+0.3 -0.6
LV-HIT:
) o "
8x 1 min @100$)Wmax R 46£02 5.7+0.3* 11
interspersed 60-s @50 W

Total exercise 24 min.
MICT:

3811 min @50% Wmax (7919 W)
Exercise performed after a
standardised breakfast
(55%CHO, 15%PRO, 30% FAT).

*p < 0.050 significantly different from the rest of the day
LV-HIIT= low volume high-intensity interval exercise; MICT= modrate intensity continuous exercise;
T2DM-= type 2 diabetes mellitus; PCOS= polycystic ovary syndrome; W= watts;
continuous glucose monitoring; CHO= carbohydrate; PRO= protein; FAT= lipids;
mmol-L*= millimol per litre; s= seconds; h=hours.
Difference are between LV-HIIT and MICT a negative sign indicates a better outcome for LV-HIIT
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Table 1-2 Acute effect of exercise part 3 energy expenditure

Aguiar et al. 2018 (173)

DESIGN: Experimental crossover

design

n=89
A) Control = 12
B) Circuit =12
C)2x18 =19
D)3x12 =14
E)4x9 =13
F)6x6 =19

Healthy young adult individuals
physically

active with 6 months RT experience
Duration: 1 session
Exercise

RT exercises same for all protocols:
Bench press,seated row,
shoulder press, triceps pulley,
barbell curls, leg press 45°,
leg extension, and leg curl.

Control A= No exercise
Circuit B= 2x18 @ 50% 1-RM no rest

Circuit C= 2x18 50% 1-RM rest=10-15
between each exercise and 30 s
between each set.

Circuit D= 3x12= 70% 1-RM
rest=10-15 s between each exercise
and 60 s between each set.

Circuit E= 4x9=80% 1-RM
rest=10-15 s between each exercise
and 90 s between each set.

Circuit F= 6x6= 90% 1-RM
rest=10-15 s between each exercise
and 120 s between each set.

Resistance exercise protocols with 9 —12 repetitions with 3—4 sets per muscle group

appear to be optimal for postprandial glycaemic control.

Clinical application

It is possible to improve metabolic health with the utilisation of

acute resistance exercise protocols that involve circuit like training exercises at an intensity

of 70 - 80% 1RM that can improve glucose uptake by increasing the glycolytic energy system

leading to decrease postprandial insulin levels; these protocols may be ideal.

RT= resistance training; 1IRM= one repetition maximum.

Paoli et al. 2012 (178)

DESIGN: Experimental crossover
design
HIRT vs RT
n=17 43
Healthy young adult individuals
physically active with
6 months RT experience

1 session 1 wk appart between
exercise modality

HIIRT=
2 sets bench press, 2 sets lat pull
and 3 sets leg press
Each set consisted of:
6 reps, 20-s rest
2-3 reps, with 20-s rest,
Intensity: 6RM (~ 80-85% 1RM)

RT
4 sets bench press, 4 sets dorsal machine
4 sets military press, 4 sets bicep curls
4 sets triceps extensions, 4 sets leg pre
4 sets leg curls and 4 sets leg curls.
Each set:
8-12 reps with 60-120-s rest

HIRT RT DIFFERENCE
Baseline HIIRT - RT
REE (kcal24 h 1910 + 90 1901 + 93* 9
RQ 0.83+0.01 0.83+0.01 0]
22h
RMR (kcals24 t 2362 + 118 1999 + 89* 363*
RQ 0.80+0.01 0.82+0.01* -0.02**

Significance within groups *p < 0.001; between groups **p < 0.001
HIIRT= high-intensity interval resistance training; RT= resistance training; reps= repetitions;
s=seconds; h= hours; 1RM=one repetition maximum; RMR= resting energy expenditure;
RQ-= respiratory quotient; kcal= kilocalories. Difference HIIRT - RT a negative sign for REE

Intensity: 12 RM (~ 65-70% 1RM) ndicates a better outcome for RT; whereas a negative sign for RQ indicates a better outcome for HIRT

REE and RQ was measured via
indirect calorimetry at baseline and
22 h after exercise session
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Table 1-2 Acute effect of exercise part 4 energy expenditure

Rozenek et al. 2016 (176)

DESIGN: Experimental randomised

cross over design -50% and 100%—0% PPO had similar responses for average HR and peak HR, RPE, blood lactate, and %V02
n=6dJ, 59 healthy recreationally
active adults 80%-50% protocol ~ 9.3 higher %VO2peak.

Duration: 1 session

Clinical application

Exercise
HIT These intensities may allow low to moderately fit individuals to gain the benefits of HIIT.

Active Rest Higher %VO2peak may also translate a greater EE during exercise.
Phase phase

10 10
60-s  60-s

.@. PPO PPO= peak power output, HIIT= high-intensity interval exercise, HR= heart rate, RPE rate of perceived exertion
a)80% 0% %VO,peak= percentage of peak oxygen uptake

b) 80% 50%
€)100% 0%
d)100% 50%

Schaun et al. 2017 (177)
DESIGN: Experimental randomised
trial

n= 264 he_a.lthy_currently I CTRL
participating DIFFERENCE
in an aerobic exercise training HIT - CTRL
programmes EE during exercise *52.78 +7.50 390.45 + 65.15 -337.67
HIT n=14
Vs EE during post *69.31 + 10.88 55.99 + 10.20 13.32
CTRL n=12 exercise
Duration: 1 session
VO, post (L O,) *14.29+2.25 11.55+2.10 2.74
Exercise VO, post
HIT (L O2+min-1) *0.48 £ 0.08 0.39 £ 0.07 0.09
8 x 20-s @ 130% of maximal
velocity
associated with VO,max
Interspersed W'::;O'S of passive 00 (L oy *541+130 2.77+215 -2.64
(treadmill) EPOC (kcal) *26.27 +6.28 13.43+10.45 -12.84
Total exercise: 4 min.
Vs (*Significant difference between protocols p < 0.005)
CTRL HIIT= high-intensity interval exercise, HICT= high-intensity continuous exercise,
30 min. running at a submaximal CTRL= control; VO,max= maximal oxygen consumption; VO,= oxygen consumption
velocity equivalent to EE= energy expenditure; EPOC= excess post-exercise oxygen consumption;
90-95% heart rate associated L= litres; kcal= kilocalories; s= seconds.
with ventilatory threshold Difference between HIIT and CTRL, a negative sign indicates a better
Total exercise: 30 min outcome for HIIT
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Table 1-2 Acute effect of exercise part 5 energy expenditure and blood pressure

Steele et al. 2018 (179) RT AET
DESIGN: Experimental randomised
cross over design Leg-press ecumbent bike
(~ iso time - iso effort) Mean VO, (mlskg*smin™)
n=9 & healthy adults Active phase 19.37 + 6.50 27.33+7.97
HighEffort-RT n=9 Recovery phase 16.00+3.38 17.72+2.78

HighEffort-AET n=9

Recreationally active but not .
Y VO, peak (ml-kg*emin™)

involved in
structured exercise, past 6 months Active phase 34.75 +11.66 39.64 + 10.79
Duration: 1 session Recovery phase 34.93+6.81 37.41+8.76
Exercise
High effort RT: Mean RER
Leg-press Active phase 0.92 + 0.02 0.99 +0.11
4 x 1 min @12 RM (2-s concentric, Recovery phase
3-s 1.10+0.10 1.22+0.13
eccentric) interspersed 240-s of rest
Total exercise: 240-s min. Peak RER
Active phase 1.12 + 0.05 1.25+0.13
High-effort AET: Recovery phase 1.40 + 0.18 1.53 +0.16

Recumbent cycling
4x60-s sprints @ resistance that
allowed
no more cycling after 60-s using a Active phase 9.68+3.39 9.88+2.88

minimum cadence of 80 rpm

Blood lactate

Total energy expenditure (EE) (kcal)
Interspersed with 240-s rest periods

Total Exercise: Active phase 68.85 + 30.80 68.21 + 35.46
240-s Recovery phase 105.93 + 26.49 115.57 + 9.70

Sum of total EE
(kcal) 176.59 + 58.67.95.15 + 21.53

Muscle thickness
Qt(cm) POST 566+098 5.66+1.04

DIFFERENCE

RT - AET
-7.96
-1.72

-4.89
-2.48

-0.07

-0.12

-0.13
-0.13

0.64
-9.64

-18.56

0

p=0.014

p=0.022

p <0.001

AET= aerobic exercise; RER= respiratory exchange ratio; EE= energy expenditure; Qt= quadriceps
thickness. RT= resistance training; rpm= revolutions per minute; VO2 peak= peak oxygen uptake;
RER-= respiratory exchange ratio; s= seconds; ml= millilitres; kg= kilograms; kcal= kilocalories.

All mean * SD.

Viana et al. 2018 (28)
DESIGN: Experimental randomised
cross over design
n=11(2 3 99)
sedentary adults withT2DM
Duration: 1 session

Exercise HIlTgpe HITyr
HITgpe:
7 x160-s SBP (mmHg)
prescribed and self-regulated BASELINE 114 + 13 115+ 17
@ RPE 16-17 interspersed with 120 sPOST 7* 6*
active recovery periods RECOVERY -1t 11
@ RPE 9-11
Total Exercise: DBP (mmHg)
1260-s BASELINE 75+ 12 77+12
HIlTr! POST 4 4
7x160-s RECOVERY 3 0

@ 85% =5 bpm HRR

Interspersed with 120-s recovery

MICTgpe

116 + 14
5
ot

CTRL

110+ 14
5*

DIFFERENCE
HIIEgpe - MICEgpe
HIIE g - MICEgpe

2 1
-1 1
2 1
-1 1

*:p < 0.05 significant difference vs baseline. 1: p < 0.05 significant difference vs post

@ 50%
+5 bpm HRR prescribed and T2DM= type 2 diabetes mellitus; RPE= rate of percieved exertion; HRR= heart rate reserve; HR= heart rate;
self-regulated by HR, HIITrpe= high-intensity interval exercise self-regulated by RPE; HIITz= high-intensity interval exercise
self regulated by HR; MICTgpe= moderate intensity continuous exercise self regulated by RPE; CTRL=
consisted of no exercise. SBP= systolic blood pressure; DBP= diastolic blood pressure; mm Hg= millimetres of
Total Exercise: mercury; bpm= beats per minute; s= seconds.
1260-s
Difference between HIITgpe and MICTgpg, HIITg and MICTgpg, @ negative sign indicates the direction of the
MICTgpe HIIT groups.
26 min jogging prescribed and
regulated
by RPE 11-14
Total Exercise:
1560-s
CTRL

30 min of rest
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Table 1-2 Acute effect of exercise part 6 blood pressure

Morais et al. 2018 (180) AE RT CTRL
DESIGN: Experimental randomised
cross SBP (mmHg) DIFFERENCE
over design Resting 129+10.5 129.2+7.7 130.8+8.4 AE - RT
n=10 (343 79) 24-h -2 -5* -2 3
sedentary adults withT2DM Walking 0.7 -3.4* 5.8 4.1
Duration: 1 session Sleeping -7.5 -10t -6.2 25
Exercise DBP (mmHg)
RT: Resting 80.3+8.8 80.5+6.6 79.7+10.1
3 x Circuit: 24-h -1.4 -3.3* 25 1.9
Exercises & order leg extensions; Walking 0.1 -2.4*% 4.2 25
bench press; leg press; seated
pulley; leg Sleeping -6.7 -7.8t 4.2 11
curls; and rowing.
8 reps @12-RM (1-s concentric, 1-s MAP (mmHg)
eccentric @ 70% 1-RM)
interspersed 40-s Resting 101.0+8.4 100.9+6.8 101.3+9.3
of rest between exercises and 60-s 24-h -2.8 -4.3* 12 15
between circuits Walking -0.8 -2.9% 35 2.1
Total exercise: 288-s. (work) Sleeping -9.4 -9.31 -5.5 -0.1
AE:
T2DM= type 2 diabetes mellitus; AE= aerobic exercise; RT= resistance exercise; CTRL= control,
Cycling @ 90% LT .T= lactate threshold; SBP= Systolic blood pressure; DBP= diastolic blood pressure; MAP= mean arterii
Total Exercise: blood pressure; 1-RM= one repetition maximum; Resting blood pressure expressed as means (+ SD);
1200-s (work) s= seconds; h= hours; mm Hg= millimetres of mercury. *p < 0.05 vs CTRL; tp < 0.05 vs pre-exercise
rest in the same session (-) decrement (no sign) increment. Difference between AE and RT,
CTRL: a (-) negative sign indicates a better outcome for AE
No exercise

In summary, published evidence of the acute effect of both HIIT and RT, suggests it has the potential
to improve glycaemic control, increase EE and reduce blood pressure, which may be as beneficial as
aerobic exercise if not better in individuals at risk of developing a metabolic disease. It appears that
higher intensities provide a more pronounced improvement in these parameters; however it is not
possible to establish yet as to which is the ideal combination. This calls for more research exploring
different combinations using high intensities which are achievable when exercise uses various high

intensity intervals interspersed with active or passive recovery phases of lighter effort.

Chronic (training) effect of exercise for metabolic control

Resistance training

Resistance training (RT) is a brief, repetitive exercise using body weight (e.g. push-ups), free weights,
weight machines, or resistance bands to increase muscle strength and/or endurance. It is useful
because it can improve glycaemic control (as reflected in a reduced A1C), decrease insulin resistance,
increase muscular strength, lean muscle mass and bone mineral density, leading to enhanced

functional status and prevention of sarcopenia and osteoporosis (37). The ideal resistance training
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programme has not yet clearly been developed. Ishiguro et al. (37) conducted a meta-analysis with the
intention of elucidating what would be an ideal resistance training programme that could maximise
glycaemic control that might benefit the most individuals with type 2 diabetes. Studies included were:
1) clinical trials consisting of two groups with and without RT exercise intervention; 2) those with an
intervention period of at least 5 weeks; 3) those that clarified that all patients had T2DM; and 4) those
that reported or made it possible to estimate the effect size. Results were stratified according to the
key characteristics of the participants of the different studies to make it as comprehensive as possible
(i.e. mean baseline age, body mass index (BMI), and HbAlc levels) and exercise characteristics (total
sets per week, entire sets per bout of exercise, frequency, and intensity). Results integrated 23 studies
into the analysis, which comprised of 954 participants; the pooled effect size was -0.34% (-0.53, -0.16)
95% CI. The linear correlation between the number of sets per session that were associated with a
larger effect size to programmes with more than 21 sets per session and the opposite to those with
less than 21 (p=0.030), by contrast, the number of sets and effect size was not significant (p=0.560).
Individuals at baseline who had a shorter diabetes duration (<6 y), (high HbAlc at baseline
>58mmol-mol?1), and with a lower BMI <32 kg-m?2 had better outcomes. The authors of the study
concluded that RT could be recommended for glycaemic control for individuals with a recent
diagnosis, with poor HbAlc,because individuals with advanced T2DM seem to be low-responders to

RT and could be more beneficial for those individuals with a BMI between 22.3 and 38.8 kg-m?.

Hameed et al. (2012) (169) tested an 8-wk progressive resistance training (PRT) protocol on health
outcomes compared to a control group (n=24; Table 1), both with T2DM. The intervention group
undertook 10-min warm up and five resistive exercises using machines at 65-70% of their predicted 1-
repetition maximum (1-RM), 8-wk of PRT led to clinically meaningful improvements in glycaemic
control, HDL-C, muscle strength and waist circumference (all p<0.008). The rest of the parameters did
not show any significant modification. Table 1-3 part 1 presents Hameed’s results comparing PRT to a

control group after 8 weeks of training.

In another study Hansen et al. (181) compared maximal resistance training (MRT) vs endurance
resistance training (ERT) on improvements in insulin levels and glucose tolerance (fasting and 2-hour
test), insulin and C-peptide measurements in two groups of pre-diabetic individuals (see Table 1-3 part
2). MRT led to reduced blood levels of 2-h glucose (p=0.044), and fasting C-peptide (p=0,023). Insulin
resistance measured by HOMA-2 yielded a significant reduction (p=0.040), whereas ERT caused a
significant reduction in blood insulin levels (p=0.023), and positive effects on percentage insulin
sensitivity (p=0.054) and beta-cell function (p=0.020). These findings led the authors to conclude that

both MRT and ERT lead to decreased insulin resistance in people at risk of developing type 2
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diabetes; MRT led to a greater increase in glucose uptake capacity (in muscles), whereas ERT led to

greater insulin sensitivity.

RT has also been identified to lower T2DM risk; Grgntved et al. (182) after following a cohort of health
professionals biennially for 18 years found that 150 min of weight training per week was associated
with a decrease of 34% (7%, 54%) 95% CI incidence of T2DM in men. Whereas in the same study, RT
was performed in combination with aerobic training (AET), the incidence was reduced by 59% (39%,
73%) 95% CI (182) (See Table 1-3 part 1).

Almenning et al. (183) assessed the effects of HIIT and RT on a range of metabolic, cardiovascular
and hormonal parameters in women with polycystic ovary syndrome. Polycystic ovary syndrome is a
common endocrinopathy that is associated with insulin resistance that is also present in MetS (184).
Exercise also plays an essential role in the treatment of PCOS. As it happens with type 2 diabetes and
MetS itself, there is little knowledge regarding the optimal exercise regime (184). Using a three-armed
parallel randomised controlled trial, 31 females with PCOS (age 27.2+5.5 years; body mass index
26.7+6.0 kgem?) were randomly assigned to HIIT, RT, or a control group. After ten weeks of training
three times a week, the HIIT group improved HOMA-IR (17% p=0.014), endothelial function (p=0.080),
and HDL-C (p=0.040), whereas with RT the anti-Millarian hormone was significantly reduced. Both
groups had significant changes in their percentage of fat, but that happened without body mass
modifications, due to a parallel increase of lean body mass that was significant only for RT. Other
markers that were assessed but did not show any significant change were high-sensitivity C-reactive
protein, adiponectin and leptin. Researchers concluded that HIIT and RT were able to improve the
cardiometabolic profile in polycystic ovary syndrome in the absence of weight loss (see Table 1-3 part
5) (183).

High intensity interval training; the new time efficient aerobic training

More recently HIIT training has been found to be beneficial as a tool for a prediabetic population (34).
Earnest et al. (34) measured the effects of three months of eucaloric energy expenditure exercise
training (AET vs HIIT) to test the hypothesis that HIIT would provide a more potent exercise stimulus
for improving a number of metabolic factors in male individuals at risk of insulin resistance. Primary
outcomes were a 24 and 72 hour oral glucose tolerance test (OGTT) to determine both acute (24h
OGTT) and chronic (72h OGTT) effects of exercise on glucose control and a homeostasis model
assessment of insulin (HOMA-IR) (185). Statistically, significant improvements were found for both the

HIIT and AET interventions in the 24-h OGTT values but did not persist at 72-h analyses for either
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group. HOMA-IR significantly improved for the HIIT intervention at both 24 and 72-h determinations.
While the VO2max score improved similarly in both groups, changes in body mass and percentage of
body fat were only significant for the HIIT condition (see Table 14). Metabolic syndrome expressed as
a summed z-score (zMS) was similar when examined as a full cohort, but when stratified according to
the HOMA-IR, individuals that had a high HOMA-IR in the AET condition showed significant
improvements, while both low and high HOMA-IR for the participants of HIIT condition recorded
significant reductions (p<0.050). It was concluded that either eucaloric AET or HIIT had an impact on
fasting glucose, OGTT and VO2zmax values, but HIIT seems to have a greater impact on HOMA-IR

and zMS. Earnest et al. results are presented in Table 1-3 part 3.

Little et al. (167) investigated the two-week effects of a low volume HIIT protocol consisting of 10 x 1-
min intervals at approximately 90% maximal heart rate (HRmax) with 1-min recovery periods on
glucose regulation and skeletal muscle metabolic capacity in patients with type 2 diabetes (see Table
1-3 part 3). The average 24-h blood glucose concentration measured by continuous glucose
monitoring (CGM) was found to be reduced after training (7.6+1.0 vs. 6.6£0.7 mmol-L1). The sum of
the 3-h postprandial area under the glucose curve for breakfast, lunch, and dinner was also reduced
(both p<0.05). Muscle mitochondrial capacity increased due to the training, as a higher citrate
synthase maximal activity was observed. The protein content of Complex 11 70 kDa subunit, Complex
Il Core 2 protein, Complex IV subunit 1V, Mitofusin 2 and GLUT4 were all also higher (all p<0.050).
This demonstrates that HIIT is capable of improving glucose control and inducing metabolic
adaptations in muscle mitochondrial capacity linked to improved metabolic control in patients with
T2DM after a relatively short period of time. The acute effects, of the first session of this study were

further investigated by Gillen et al. (175) (see Acute effects of exercise and glycaemic control).

In another study, Hood et al. (186) also conducted a two-week practical low volume submaximal
constant load HIIT programme (10 x 60 s @~60% of peak power output, that elicited ~80% - 95% of
HR reserve with 1 min of recovery between intervals) in seven sedentary yet otherwise healthy
individuals. After six sessions of HIIT, the participants significantly enhanced muscle mitochondrial
capacity. This was demonstrated by higher protein content of citrate synthase and cytochrome C
oxidase subunit IV by (~35%) while the transcriptional corepressor receptor-interacting protein 140 did
not change, the transcriptional coactivator peroxisome proliferator-activated receptor y coactivator o
was increased by (~56%). The glucose transporter protein content also was increased by (~260%).
The authors concluded constant load may be a practical time-efficient strategy to reduce metabolic
risk related disorders, by inducing metabolic adaptations in previously sedentary middle-aged adults.
These results are in line with Gillen et al. (187) who found that when overweight women performed 18
sessions over 6 weeks of a low volume (10 x 60 s cycling efforts at approximately 90% maximal heart

rate, 60 s recovery) HIIT protocol, a training-induced enhancement in mitochondrial capacity was
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achieved. This was shown by increased maximal activities of CS and beta-hydroxyacyl-CoA

dehydrogenase (p<0.050), as measured in muscle biopsies.

Recently Liu et al. (188) conducted a meta-analysis of randomised controlled trials to quantify the
effect of HIIT on body composition, glycaemic control and cardiorespiratory fithess (CRF) compared
with MICT and no training at all, in 342 patients with T2D (13 trials). They found that HIIT obtained
significant reductions in BMI, body mass, HbA1lc, fasting insulin, and VOzpeak in patients with T2D.
HIIT showed a great improvement in body weight; a mean difference (MD) of -1.22 kg (-2.23, -0.18)
95% ClI, p=0.020 and BMI MD -0.40 kg/m2, (-0.78, -0.02), p= 0.040) vs MICT. Similar outcomes were
found for HbAlc MD -0.37 (-0.55, -0.19), p< 0.001; relative VOzpeak MD 3.37 ml-kg-t-min-1, (1.88,
4.87), p<0.001; absolute VOzpeak MD 0.37 L/min, (0.28, 0.45), p<0.001. These outcomes show that
HIIT may be preferred over MICT, as it induced more favourable effects in CRF and weight loss than
MICT, in T2D patients, however, when glycaemic control was assessed between MICT and HIIT both

were equally effective (188).

HIIT also has been identified as an effective modality to increase fat oxidation; this was reported by
Tremblay et al. (189) who compared a 15-week HIIT programme with a 20-week aerobic exercise
training (AET) programme. This consisted of uninterrupted cycling 4 times a week, increased to 5
times a week with a duration of 30 min at the beginning that progressively increased to 45 min
sessions. The initial intensity was 60% which was increased to 85% of HRR to a 15-wk HIIT consisting
of the same number of sessions of continuous exercise at 70% HRR with 19 short- (10-30 s bouts at
60% PPO) and 16 long interval sessions (4-5 bouts of 60 s that increased to 90 at 70% PPO) sessions
additional to 5 min of AET at 70% HRR in 27 healthy young adults. The estimated total energy cost of
the AET was 120.4 MJ; meanwhile the corresponding value for the HIIT programme was 57.9 MJ.
Despite the lower energy cost and a shorter duration, HIIT was found to enhance fat oxidation and
produced a more pronounced loss of subcutaneous adiposity. When matched to the energy cost, the
decrease of the sum of six subcutaneous skinfolds induced by the HIIT programme was nine-fold
greater than AET. Muscle biopsies taken pre- and post-exercise interventions showed significantly
greater activity for muscle 3-hydroxyacyl coenzyme-A dehydrogenase (HADH); a marker of beta-
oxidation. Their conclusions were that for a given level of energy expenditure, vigorous exercise
favours negative energy and lipid balance to a greater extent than exercise of low to moderate
intensity; and that a HIIT exercise programme appears to favour the process of skeletal muscle lipid
oxidation (See Table 1-3 part 2).

Costa et al. (190) conducted a meta-analysis of randomised controlled trials that lasted between 4-16

weeks to elucidate if HIIT vs MICT can elicit a greater blood pressure reduction in individuals with pre-
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to established hypertension. This study compared the chronic effects on blood pressure in participants
with resting systolic BP 2130 mmHg and/or with diastolic blood pressure 285 mmHg with or without
taking antihypertensive drugs and reported the changes in blood pressure and VOzmax. This meta-
analysis included nine studies with a total of 245 participants. Resting systolic and diastolic blood
pressure were similar (MD) -0.22 mmHg (-5.36, 4.92)95% CI, p=0.930 and (MD) - 0.38 mmHg (-3.31,
2.54), p= 0.740 respectively (seven studies; 164 participants). For VO2max, HIIT had significantly
greater improvement than MICT with a (MD) of 2.13 ml-kg1-min- (1.00, 3.27), p< 0.010 (9 studies; 245
participants). The conclusion was that both exercise modalities were effective for reducing both
systolic and diastolic blood pressures. The authors concluded that not enough data was available to
calculate ambulatory blood pressure, which reflects with more precision the risk of a stroke or
cardiovascular event in this population as it has a stronger correlation with these events than doctor’s
office detected blood pressure, calling for randomised controlled trials exploring ambulatory blood
pressure. Also, they detected that parameters of the peripheral vascular function are improved with
HIIT a greater magnitude than MICT, and it is an essential determinant in hypertension. Their data
supports the notion that exercise recommendations should include HIIT for the management of BP in

adults with pre- to established hypertension (190).

Supporting all this evidence, recently after conducting a meta-review that included 33 systematic
reviews (25 were meta-analyses) Martland et al. (191) reported that HIIT is an effective strategy to
improve cardiorespiratory fitness, cardiovascular function, body composition, exercise capacity
(muscular structure and function), blood glucose, glycaemic control, some inflammatory markers, and
anxiety and depression severity in healthy individuals and those with physical health disorders. They
also concluded that it is not associated with serious cardiovascular events and acute injuries while it
appears to be safe. RT also have been found beneficial to health, as it improves body composition by
preserving muscle mass thus energy expenditure, and strength that contributes better metabolic
health (37). Despite the benefits of aerobic-based and resistance-based exercise when they are used
independently, research also points out that a combination may provide a more potent metabolic effect
(192).

HIIT and RT; twice as strong

The literature shows that AET and RT are complementary to each other (193, 194); AET increases
aerobic capacity, enhancing cardiovascular adaptation to training while RT triggers an increase in
strength by improving neuromuscular adaptations to strength training (193, 194). There is evidence

also available that HIIT can replace AET and improve health with a sensibly reduced time commitment
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(195). This section presents proof of the utility of these modalities to improve health and attempt to

establish if we should recommend either one or both.

Alvarez et al. (196) compared the effects of combined sprint interval training (SIT a form of HIIT) and
RT vs either condition alone on a number of health outcomes over a 12-wk period. Forty-three
prediabetic female participants were divided into four groups; 12 performed SIT, eight RT, 10 SIT+RT
and 13 performed their habitual physical activity as a control group. BMI, waist circumference (WC),
body fat percentage by bioelectrical impedance (%BF), fasting blood glucose, HOMA-IR, blood
pressure and fitness were assessed pre- and post-intervention. The SIT consisted of 7 x 20 s sprint
intervals of >85% as calculated by the HRmax that was increased by 2 s every second week followed
by resting 120 s intervals that were raised by 5 s each two weeks performed twice a wk. The RT
consisted of three sets of five exercises performed until exhaustion. The SIT+RT programme was the
combination of these two programmes and were performed over 5 days; two for RT and three for SIT.
There was a significant change in the cardiorespiratory test (2-km walking test) for the SIT and
SIT+RT groups only (p<0.001). Though there were no significant changes in body composition
variables, fasting glucose was significantly reduced in the SIT and RT 24-h post intervention. At 72-h,
there were also significant reductions in glycaemic, insulin and HOMA-IR (all p<0.050) (see Table 1-3

part 6).

The same group investigated the effects of 8 weeks of combined HIIT and RT on insulin resistance
(IR), lipid control, body composition, and aerobic fithess in 38 women; 10 healthy women, 9 with
hyperglycaemia, 10 with hypercholesterolemia, and 9 with hyperglycaemia/hypercholesterolemia (48)
(see Table 16). The HIIT protocol, consisting of 8-14 intervals corresponding to 80-100% of HRR
followed by 75-120 s active recovery pedalling at <70% HRR. The RT consisted of performing 3 sets
of exercises (each with 1-min in duration) until muscular exhaustion with a 1-min walking recovery
break between exercises targeting four upper body (arm) muscle groups. Fasting glycaemia was
reduced by 12% in the hyperglycaemic and 14% in hyperglycaemic/hypercholesterolaemic
participants, (both p<0.050). Serum insulin and HOMA-IR decreased in all groups from 27 to 37% (all
p£0.050). TC and TG had statistically significant reductions; -18% and -27% (both p=0.010) in
hyperglycaemic/hypercholesterolaemic individuals only. These studies suggest that it is feasible to
combine both HIIT and RT for improving metabolic health in women with metabolic and behavioural
imbalances including pre-diabetes and inactivity. This evidence also provides support to designing

combined strategies to improve hyperglycaemia, and dyslipidaemia (Table 1-3 part 4).

51



Another study performed in prediabetic individuals, by Rowan et al. (197) investigated the
effectiveness of HIIT (n=11) [4x4 @90% heart rate reserve (HRR)], separated by 3 min of active
recovery at 50% - 60%HRR] vs MICT (n=10) (28 min of jogging @60%—-70% HRR) iso-time plus RT
immediately after two of the three exercise AET sessions per week (total 36 sessions). RT was a
circuit comprised of 1-2 sets per exercise of full-body exercises targeting large muscles (marching on
the spot with high knees, squats with an overhead kettlebell press, push-ups or modified wall push-
ups, forearm plank, step-ups with a medicine ball shoulder press, quadruped bird-dog, wall sit with
isometric medicine ball front hold, and stair climb). After 12 weeks both interventions had similar
significant improvements in HbAlc, pooled mean= [-0.5%(0.3% - 0.7%) p<0.001]; fasting glucose [-0.4
(-0.7, -0.1) p=0.010]; waist circumference mean reduction of -4.5 cm (-6.8,-2.2) (p< 0.001); aerobic
capacity was enhanced by 20% (p< 0.001); HOMA %3 function increased by 28.9% (16.5, 39.2)
p<0.001. It was concluded that HIIT and MICT have similar effects and were successful in improving
aerobic capacity, glycaemic control and waist circumference (See Table 1-3 part 6). From this
evidence it is only possible to establish that either one alone or by combining different modalities they
are effective in attenuating MetS dysregulations. In terms of the use of exercise to improve metabolic
health, the evidence suggests that RT combined with AET work better if both integrate a non-
pharmacological strategy (192, 194). Additionally, when exercise and nutrition are also combined into
one intervention, this programme or strategy becomes more powerful like those discussed in previous
sections, calling to advocate nutrition and exercise together (see Table 1-3 part 8). However, it hasn’t

been established which strategy is best practice.

Therefore, the question remains, as it is important to establish which strategy provides people with the
most potent effect against MetS and all metabolic dysregulations. It is essential to promote research
which fine tunes the exercise stimuli required to achieve the most potent effect, by comparing which
exercise type on its own has the highest potency to affect MetS risk factors, as precursors of a wide

array of metabolic diseases that lead to CVD, the number one cause of death worldwide.

HIIT, RT and LCHF together may be a stronger combination

In the last two decades (198-200) and in recent years (24, 41, 52, 106, 113, 201) the scientific
community has been investigating whether CHO restriction or fat restriction is a better approach to
combine with exercise. A LCHF diet (discussed and justified from different perspectives in a previous
section), combined with exercise, specially one that is intermittent in nature to allow an exposure to a
sufficiently high-intensity like RT and HIIT, may be the best approach. In this scenario such a
combination would work in synergy (in line with Francois et al.) (43). This proposition implies that
LCHF diet provides CHO restriction, less glucose availability and therefore no postprandial

hyperglycaemia, limiting the potential detrimental metabolic and cardiovascular consequences of
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excessive glucose availability, combined with HIIT and RT they provide an effect of improved aerobic
capacity and fat metabolism; improved strength and muscle mass preservation, respectively and both

augmented energy expenditure at rest and during physical activity.

Examples of this proposition are those by Volek et al. (44) and Jabekk et al. (46) who pointed out that
RT when combined with a VLCKD, improves body composition in overweight individuals with
metabolic syndrome or diabetes while improving the majority of markers of impaired metabolism found
in these populations. But recently Francois, Gillen and Little (43) published a review stating a similar
hypothesis including HIIT and CHO restriction as the two elements that, if combined, could produce a
very potent stimuli that reverses the odds of developing and improving metabolic diseases, especially
type 2 diabetes. As Feinman et al. (24), Volek (110, 111), and Westman et al. (25, 111, 202) point out,
the most effective way to control glycaemia and the rise of insulinaemia is by manipulating CHO intake
as if it was a medicine. Indeed Francois, Gillen and Little (43) agreed, saying that this lifestyle strategy
represents an optimal intervention to treat metabolic disease; however, further research is warranted
in order to harness the potential benefits of CHO-restriction and HIIT for improving cardiometabolic
health.

Combining LCHF diet, HIIT, and RT makes sense because they are complementary to each other.
Recently, a proof of this combination was investigated in the study by Dahlgren and Gibas (203) who
reported an interesting case study that combines a calorie restricted VLCKD, HIIT, and memory
training to attenuate memory loss and improve metabolic markers in a patient with comorbid mild
cognitive impairment and metabolic syndrome (MetS). This combination has a potent effect on
glycaemic control and the production of ketone bodies that ameliorate mitochondrial function, reduce
the expression of apoptotic and inflammatory mediators and provide neuroprotection to cells (203).
After 12 weeks of CHO restriction and participating in 6 sessions of HIIT every other week, they found
an improvement in fasting insulin, blood lipids, blood ketones and risk ratios: HOMA-IR and the
triglyceride/HDL. Metabolic syndrome improved, despite it not being certain which was the major
contributor to reduce metabolic markers, it is important to acknowledge that having a low-CHO intake

did not compromise HIIT and can be combined (Table 1-3 part 8).

The latest research published online first by Ramirez-Vélez et al. (2020) (204) shows the potential of
combining HIIT, RT or both with a low calorie diet (1300- 1500 kcalsd-1). In their study, the metabolic
outcomes of HIIT vs RT vs HIIT-RT vs only nutritional guidance was investigated. They used a 4x4
min at 85-95% HRmax interspersed with 4 min of active recovery HIIT protocol that was match by an
energy expenditure of 400-500 kcal per session with RT that consisted of a 6 exercise routine

targeting large muscle mass (abdominal, dorsal, upper and lower limb muscles) 12-15 rep with 1-min
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rest between exercises at 40-80 1-RM that were performed until participants have spent 250 kcal. The
combined group, performed HIIT to spend 250 kcal per session followed by RT also directed to
achieve a similar energy expenditure. Participants trained 3 times per week for 12 weeks. The authors
observed significant gains in CRF being HIIT with greater gains. While RT obtained the best
improvements in vascular outcomes, and concluded that these improvements were the reason that the
rest of metabolic risk factors improved which was reflected by the reductions in the MetS z score (See
Table 1-3 part 9).
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Table 1-3 Chronic effect of exercise, RT part 1

Study characteristics
Grgntved et al. 2012 (182)

DESIGN: prospective cohort study
n= 32,002 3 healthy
health professionals

Objective
At baseline and biennially follow up
using questionnaires:
to observe from 1990 - 2008

Primary findings
RT for 150 minewk™ or more lowers the risk of T2DM by 34% (7%-54%)
AET for 150 minswk™ or more lowers the risk of T2DM by 52% (45%-58%)
RT and AET for for 150 minswk-1 or more lowers the risk of T2DM by 59% (39%-73%)
Clinical application
Both AET and RT, may be effective for improving metabolic health

Combining RT and AET may be more potent for improving metabolic health and reduce
the risk of developing T2DM.

the weekly time spent on RT and AET.

RT= resistance training; AET= aerobic exercise training.
%Risk (95% Confidence interval) significant if zero is not within CI.

Hameed et al. 2012 (169)

DESIGN: randomised controlled trial
n=48 (354, 139)

PRT=24 CONTROL= 24 individuals

BASELINE AFTER | DIFFERENCE
HbAlc (%) PRT — CONTROL|
PRT 86809 806:07 -0.24 p <0.001

CTRL 829+0.7 830%07

with T2DM HDL-C (mmol-L™)

Duration: 8-wk PRT 1.26 +0.2 1.37+0.2 -0.12 p =0.004
Sessions/wk: 3 CTRL 1.43+0.2 1.39+0.3
Exercise
Upper body strength
PRT group
Equipment: Resistance machines Bench press 1-RM (kg)
PRT 49.37+£9.2 5498+ 10 4.69 p<0.001
Exercises: Bench press; leg press; CTRL 5029404 5175933
lateral
pull; leg extension; biceps curl.
Lower body strength
Intensity: 65-70% 1-RM
Rest: 2-3min between sets Leg press 1-RM (k)
Frequency: 3 dewk™ PRT 143141199 10022%
20.1 14.06 p <0.001
145.16 =
CTRL 139.69 + 21.6 215
CONTROL group
Equipment: Cyclergometry Waist circumference (cm)

PRT 91.36+12.1 8952125 -2.87 p=0.008

Exercise: Cycling and static
stretching
exercises.

Intensity: No work load

Frequency: 3 dewk™

CTRL 92.18+ 114 9239%11

PRT=progressive resistance training; T2DM= type 2 diabetes mellitus; 1RM one repetition
maximum; HbAlc= Glycated hemoglobin Alc; HDL-C= high density lipoprotein cholesterol;
mmol-L-1= millimoles per litre; wk= week(s); d= day(s); kg= kilogram; cm= centimetre
All expressed as means + SD. Difference between PRT and Control, a negative (-) sign
indicates a better outcome for PRT.

55



Table 1-3 Chronic effect of exercise, RT part 2

Hansen et al 2012 (181)

DESIGN: randomised controlled trial

n=18(4 3 149)
Pre-diabetic individuals (IGT)
Duration: 16 wk
Sessions/wk: 3

Exercise

MRT
Duration:
8 exercises

Intensity: 60-85% 1RM
5 sets x 3-4 reps / exercise
No rest between sets.
Frequency: 3 dewk™

ERT
Duration:
8 exercises
3 sets x 12-15 reps /exercise
Intensity:
45-65% 1RM
Rest between sets 30-60-s
Frequency:
3 dewk™

Baseline Post DIFFERENCE
Jicose (mmolsL™) mean+SD MRT — ERT
MRT 8.11+2.26 7.24 + 2.50 p=0.044
ERT 6.91+1.17 6.31+1.21 NS -0.27
Insulin (pmolsL™) mean+SD
MRT 60 + 54 52+ 46 NS
ERT 53+ 34 32119 p=0.023 13
C-peptide (pmol-L™) mean+SD
MRT 842 + 349 769 + 369 NS
ERT 804 + 330 746 + 304 NS 15
HOMA IR (median)
MRT 0.78 0.53 p=0.040
ERT 0.72 0.48 p=0.030 -0.01
Insulin sensitivity %S (median)
MRT 128 190 NS
ERT 137 207 p=0.050 -8
B-cell insulin production % (median)
MRT 67 69 NS
ERT 79 56 p=0.020 25

IGT= Impaired glucose tolerance; ERT=Endurance resistance training; MRT= Maximal
intensity resistance training; 1RM= One repetition maximum / reps= repetitions;
IGT= Impaired glucose tolerance; IR= insulin resistance; HOMA-IR= Homeostasis
model of assessment of insulin; %S= Insulin sensitivity; %B= Beta-cells function;
pmol-L-1= picomoles per litre. s= seconds; d= days; wk= week. Difference
between MRT and ERT, a negative sign indicates a better outcome for MRT

Tremblay et al. 1994 (189)
DESIGN: quasi-experimental

n=27 (134 149)
HIIT n=10
MICT n=17

Exercise
AET
4- 5 for 20 wk
Cycling @ ~60 - 85% HRR
Duration 30- 45 min

HIT
Twice a wk, for 15 wk
AET for 5 min @ 70% HRR plus
short or long interval
sessions for a total of 35
Short int= 10-15x 15s - 30s,
@ 60% PPO in 10s
Long int= 4- 5x 60s - 90s
@ 70% in 90s
Interspersed with recovery periods
until HR=120-130 bpm
5% increases every 3 weeks

20 wk of AET= 28,757 + 7,404 kcal 'S
1 _

15 wk of HIIT=13,829+3,439 kcal

VO2max 1

However HIIT produced the most pronounced loss of subcutaneous adipose tissue (9-fold).
Vastus lateralis byopsies baseline vs post exercise:

AET HIT

HK l* T **I
PFK ! Tt
MDH po -
HADH 1 1t

AET= HIIT for citric acid enzymatic marker

Activity of muscle glycolytic enzymes activity was increased for HIIT
B-oxidation, was significantly greater after HIIT as shown by the overexpression of HADH

AET= aerobic exercise training; HIIT= high-intensity interval training; wk= week; HRR= heart
rate reserve; HR= heart rate; bpm= beats per minute; kcal= kilocalories;
VO2max maximal oxygen consumption hexokinase (HK); phosphofrutokinase
(PFK) malate dehydrogenase (MDH). and 3-hydroxyacyl co-A dehydrogenase
(HADH). 1 = increase/upregulation; | = decrease/downregulation; * p <0.05 significance
within group; ** p < 0.01; += p <0.05 between groups; 1= p <0.01 between groups.
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Table 1-3 Chronic effect of exercise, HIIT part 3

Earnest et al 2013 (34)

DESIGN: randomised controlled trial
n=HIIT=21 /AET= 21 pre-diabetic

individuals (42 &)

Duration: 12 wk

Sessions/wk: 3-4
Exercise

HIIT vs AET

3min warm up ~40% VO,max 3-5 mir HIIT

cool down.
6 wk preparatory phase:
6 kcalkgowk ™
adding 2 intervals/wk until

reaching 8
intervals in wk 9 and continue
until finishing
1 2kcalskg ™ swk™* until
12 kcalskg tewk*

HIT
From wk 6-9
2 intervals adding 2/wk until
reaching 8
in wk 9 and continue until finishing

2 min 90-95% VO,max
2 min 50% VO,max
vs
AET (CTRL)
Steady state of 50-70% VO,max

DIFFERENCE
24 hours after last exercise session HIIT - AET

OGTT mmol-L™ (95% CI)

HIT -0.79 (-1.38, -0.20)

AET -0.71 (-1.37, -0.06) -0.08
HOMA-IR IR (95%

Cl)

-0.51 (-0.99, -0.03)

AET -0.23 (-0.77,0.31) -0.28
Metabolic syndrome zMS score + SD
HIT -1.14 £1.15*
AET -1.03 £ 1.68* -0.11

*Significant within-group changes from baseline to post-test (zero not within the 95% CI) or p <0.05(
HIIT= High intensity interval training; AET= Aerobic exercise training; OGTT= Oral glucose
tolerance test; h= hours; HOMA-IR= Homeostasis model assessment of
insulin resistance; mmolsL-1= millimol per litre; Cl= confidence interval;
kcal= kilocalories; kg=kilograms; wk= week(s); zMS score= z Metabolic syndrome score.
Difference between HIIT and AET, a negative sign indicates a better outcome for HIT

Little et al. 2011 (167)

DESIGN: Experimental
n=9 individuals with T2DM
Duration: 2 wk
Sessions/wk: 3

Exercise
HIT
10 x 60-s cycling bouts ~90% HR ;.

interspersed with 60 s rest.

Blood glucose mean + SD (mmol-L™?)

Before 72h after last bout of HIIT

+
76+1.0 66407

Muscle mitochondrial capacity

Citrate Synthase maximal activity
1~20% p=0.040

Protein Complex Il 70 kDa subunit
1~37% p=0.030
Complex Ill Core 2 protein
1~51% p=0.040

Protein Complex COX subunit IV

1~68% p=0.020
Mitofusin 2
1~71% p=0.020

GLUT4 protein content
1~369% p=0.003

T2DM= type 2 diabetes mellitus; HIIT= high-intensity interval traning;
wk= week(s)HRmax= maximal heart rate; s= seconds;
mmolsL-1= millimol per litre.
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Table 1-3 Chronic effect of exercise, HIIT and RT part 4

Alvarez et al. 2014 (48)

DESIGN: quasi-experimental
n=38% classified as:
HG=9
HC2=10
HGHC3=9
CTRL" =10

Duration: 8 wk
Sessions/wk: 3

Exercise
HIIT:
60-s x 8-14 80-100% HRR
interspersed with
12-s 1-2 wk
105-s 3-4 wk

90-s 5-6 wk

75-s 7-8 wk
active recovery <70%HRR

RT
3 setsx60-s x 4 exercises using free
weights to muscular
exhaustion
recovery periods of 60-s rest
between sets, standing
position

Glycaemia (mmol-L?)

HG
HC
HGHC
CTRL"

Cholesterolaemia (mmolsL™)

HG
HC

HGHC
CTRL"

High density lipoprotein cholesterol (mmolsL™)

HG
HC
HGHC
CTRL"

Low density lipoprotein cholesterol (mmolsL™)

HG 2.80+0.54
HC 3.24+0.54
HGHC 3.52+0.72
CTRL" 2.49 +0.57
Triglycerides (mmolsL™)
HG 1.14+0.37
HC 157+0.36
HGHC 1.97 £ 0.91
CTRL" 1.19 + 0.46

5.88 £ 0.33
5.22+0.44
5.94+£0.28
5.16 + 0.33

4.61+0.41
5.85 + 0.54
5.85+ 0.44
4.43+0.62

1.32+0.26

1.24+0.26

1.24+0.23
1.37+0.18

5.16 £ 0.22*
494 +0.27
5.11+0.33*
494 +0.28

461+ 0.63
4.79 £ 0.44*
5.57 +0.65
4.40 £ 0.85

1.53+0.36
1.50+0.23*
147 +0.36
155+0.18

2.77 £ 0.62
2.85+0.44
3.39 £ 0.62
2.46+0.75

1.03+£0.29
1.12 +0.26*
1.65+0.85
0.97+0.17

*Significant within-group changes p <0.050

1

DIFFERENCE

0r20r3

0.22
0
0.17

0.21
0.39
117

-0.02
-0.05
-0.08

0.31
0.39
0.93

0.06
0.15
0.68

H

HG= hyperglycaemic; HC= hypercholesterolaemic; HGHC= Hyperglycaemic &
Hypercholesterolaemic, HIIT= high-intensity interval training, CTRL" = Healthy Control
RT=resistance training, HRR= heart rate reserve. All expressed as means + SD;

mmolsL-1= millimol per litre; wk= week. Difference between

10['2 3

or ° - H (healthy control), a negative (-) sign indicates a better outcome for for any of the exercise
groups vs control.
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Table 1-3 Chronic effect of exercise, HIIT and RT part 5

Almenning et al. 2015 (183) BASELINE 10 wks DIFFERENCE
12
or~—CTRL

DESIGN: randomised controlled trial Glucose, (mmolsL™)

RT 51+02 51+x04 0.1
n=319 with PCOS and overweight HIT 5.0+0.3 49+0.2 -0.1
HIITtn=10 CTRL 5.0+04 5004
RT2n=11
CTRL n=10 Insulin (uIUsmL™)
RT 149+6.2 13.6+6.3 -4.7
Duration: 3 sessions per wk HIT 218+7.1 18.8 £ 6.7* 0.5
for 10 wk CTRL 158+8.1 18.3+11.1
Exercise HOMA-IR
HIT RT 33%13 31+15 0.5
Twice a wk, HIT 49+17 4.1+1.4* -0.5
4 x 240-s @ 90-95% HRmax VO,ma» CTRL 36+21 43+28
Interspersed with 180-s of active rest
@ ~70% HRmax HDL-C, (mmol-L™)
Total exercise: 25 min. RT 16+05 16+0.4 0
and once a wk HIT 17+04 2.0+0.5* 0.4
10x 60-s all out CTRL 1.6+04 16+0.4
interspersed with 60-s rest
of very low activity Fat mass (kg)
RT 27.1+15.4 26.1+14.7 5.7
RT HIT 216+94 21.0+9.4* -4.9
8 dynamic strength drills with 10 rep CTRL 26.2+11.3 259+114
@ 75% 1-RM and three sets
(per exercise) separated by 60-s Fat mass (%)
of rest RT 33.1+£9.7 31.6 £9.4* -1.3
CTRL HIT 30.2+8.1 29.3+11.4* -3.6
Participants were advised to stick CTRL 33670 32973
with the recommended 2150 min of
moderate intensity exercise. Visceral fat,(cm3)
RT 106.6 + 52.4 105.5+48.4 -4.2
HIT 85.7£39.3 82.4+387 -27.3
CTRL 109.9 + 40.8 109.7 £41.0

Fat-free mass, (kg)

RT 27.7+4.0 289+4.1* 15
HIT 258+3.4 26.3+3.2 -1.1
CTRL 27.0+3.6 27.4+3.8

VO,max, (mLskg ™ emin™)

RT 39.3+10.2 40.2+85 4.2
HIT 374+47 41.1+38 51
CTRL 36.8+7.8 36.0+6.9

AMH, (pmol-L%)

RT 485305 33.7 +16.5% -18.3
HIT 78.5+56.0 67.1+313 15.1
CTRL 57.4+38.9 52.0 £28.2
FMD, (%)
RT 58+2.4 6.2+ 1.4 13
HIT 40+£1.3 5.0 £ 0.3* 0.1
CTRL 6.1+2.0 49+1.9

*Significant within-group changes p <0.050

PCOS= polycystic ovary syndrome; HIIT= high-intensity interval training; RT= resistance training;
VO2max= maximum oxygen uptake; AMH = Antimdllarian HormoneFMD = flow mediated dilatation;
HDL-C= high density lipoprotein cholesterol; mmolsL™= millimol per litre; pmoI-L'lz picomoles per
litre; plUsmL-1= micro international units per1 is equal to 6 pmolsL ™ of insulin. Difference between
1or2-CTRL, a negative of sign indicates the direction the change, that favours the exercise
groups. Except for variables that are expected to increase such as HDL-C.
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Table 1-3 Chronic effect of exercise, HIIT and RT part 6

Alvarez et al 2012 (196)

DESIGN: randomised controlled trial

n: SIT!= 12; RT?= 8; SIT + RT3= 10
CTRLH=13
individuals with prediabetes (439)
Duration: 12 wk
Sessions/wk:

SIT=3
RT=2
SIT+RT =5
SIT: 20-s x 7 sprints, >80% HRmax
work int. T 2-s every 2wk
interspersed with 120-s rest
restint. | 5-s each 2 wk

RT
3 sets with 2 min rest x 5 exercises
to exhaustion

BASELINE 24h post Ex
Glycaemia (mmol-L™)
SIT 5.66+0.51 5.28+0.71*
RT 5.57+0.71 5.15 + 0.53*
SIT+RT 5.62 +0.29 5.38+0.24
CTRL 5.68 + 0.48 5.72+0.52
Insulin (mU-mL"*)
SIT 4.67 +£3.1 4.03+5.1
RT 4.86 + 4.6 4.28+4.1
SIT +RT 453+48 430+ 5.0
CTRL 3.60+1.6 3.70+1.7
HOMA-IR
SIT 1.20+ 0.8 1.09+1.2
RT 1.28+1.4 1.01+1.1
SIT +RT 1.12+1.2 1.06+1.0
CTRL 0.88+0.4 0.92+0.4

DIFFERENCE|
lor20r3 —H 72h post Ex
-0.44 5.36 + 0.70*
-0.57 5.21 +.0.31*
-0.34 5.39+0.34
5.74 +0.49
0.33 3.80 + 2*
0.58 2.75+0.9*
0.58 4.01+4.1
3.75+16
0.17 0.91+0.7
0.09 0.57+0.2
0.14 099+1.1
0.93+0.4

DIFFERENCE
lor20r® —H
-0.38
-0.53

-0.35

0.05

0.26

-0.02
-0.36
0.06

*Significance was set (p <0.050) for differences between baseline, and 24hpost Exercise, and 72h
post Ex; SIT= sprint interval training, RT= resistance training, CTRL= control, int= interval,
HOMA-IR= homeostasis model assessment-insulin resistance. wk= week(s); s= seconds; HRmax=
maximal heart rate; int= interval; mmol-L-1= millimol per litre; mUsmL™= milliunits per millilitre; All
expressed as means + SD. Difference between control and each of the experimental group, a
negative of sign indicates the direction the change, that favours the exercise groups.

Rowan et al. 2017 (197)

DESIGN: randomised controlled trial

n=21 with Pre-T2DM and
overweight
HIT + RT n=34, 829
Vs
MICT + RT n=
Exercise:

4,72

HIT
Thrice a wk
4 x 240-s @ 90-95% HRR
Interspersed with 180-s of active

rest

@ 50~0% HRR

Total exercise:

21 min.
and RT twice a wk
1-3 sets of 8 exercises

Vs

MICT
Thrice a wk
28 min
@ 60-70% HRR
and RT twice a wk
1-3 sets of 8 exercises

RT:

Full body exercises

8-15 rep x 3 sets:
marching on the spot with high
knees, squats with an overhead

kettlebell press, push-ups (or
modified wall push-ups), forearm

plank, step-ups with a medicine
ball shoulder press, quadra-ped

HbA1c (mmolsmol™)

Fasting glucose (mmol-L"

Within group differences

HIT
MICT

B

HIT

MICT

Fasting insulin (mmol-L™)

2 h glucose (mmolsL™?)

2 hinsulin (pmol-L™)

HOMA-%8

(aka Bird-Dog), wall sit with isometric

medicine ball front hold, and stair
climb directed to engage large

muscle groups and multiple joints to

maximise mobility.

HOMA -%S

HIT
MICT

HIT
MICT

HIT
MICT

HIT
MICT

HIT

MICT

-6.5*
-5.4*

(-8.7,-3.3)
(-8.7,-2.2)

-0.5* (-1.0,-0.1)

-03 (07, 02)

2.2% (0.4, 4.0)
1.2 (-12.1,9.8)

0.2
-0.6

(-1.3,1.6)
(-1.9, 0.7)

-19.4 (-22.0,11.8)
-12.0 (454, 6.6)

35.0* (13.7, 56.3)
22.7* ( 4.9, 40.5)

-35.1*
-35.5*

(-70.3 -0.1)
(-60.2 -10.8)

DIFFERENCE
HIIT vs MICT
-1.1

3.4

0.8

12.3

0.4

*Significant within-group changes from baseline to post-test (zero not within the 95% CI)

T2DM-= type 2 diabetes mellitus; HIIT= high-intensity interval training; MICT= moderate intensity continuous
training; RT= resistance training; HRR= heart rate reserve; training; mmolsmol™*= millimoles per mole;
mmol+L-1= millimol per litre; pmolsL-1= picomoles per litre; HOMA-%p= beta cell function; HOMA -%S=
insulin sensitivity. Difference between HIIT and MICT, a negative sign indicates a better outcome for HIT
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Table 1-3 Chronic effect of exercise, HIIT or RT and LCHF part 8

Jabekk et al. 2010 (46) Within groups difference DIFFERENCE
VLCKD+RT -
HCLF+RT
DESIGN: experimental randomised weight (kg) ~ VLCKD +RT .56 + 2.6**+ 6.4
trial HCLF+RT 08zx15
n= 169 overweight or obese and
sedentary female. LBM (kg) VLCKD +RT 0.1+1.7 -15
Duration: 10 wk HCLF +RT 1.6+1.8%
Study, session: 30 to 50 min
Fatmass (kg) VLCKD +RT -5.6 £2.9"t -5
VLCKD +RT n=8 HCLF+RT -06+0.8
'S
HCLF + RT n=8 Fat % VLCKD + RT -3.6 + 2.5t -2.3
HCLF+RT -1.3%1.3t
Exercise:
RT
Both groups included the following BMI VLCKD +RT -1.9%0.8"% 2.2
exercises: HCLF+RT 0305

Supine leg press, seated leg extension,
seated leg curl, seated chest press, Glucose VLCKD +RT 0.1+0.3 0

seated rowing, seated shoulder press, (mmol-L™) HCLF+RT 0.1+04

seated pull down and standing

biceps curl Total Cholesterol VLCKD +RT 0.1+1.0 0.3
Diet (mmol-L™) HCLF+RT -02%06
VLCKD: CHO 20-50 g-d™* to induce
ketosis and unlimited meats and fats HDL-C VLCKD +RT 0.2+0.9 0.3
(mmol-L™t) HCLF+RT -0.1+04
(En%)
CHO= 6; FAT= 66; and PRO= 22 LDL-C VLCKD +RT -0.1+0.2 -0.2
and (mmolsL™) HCLF+RT 0.1+0.2
Regular diet
(En%) TG VLCKD +RT -0.3+0.6* -0.2
CHO= 41; FAT= 34; and PRO= 17 (mmolsL™) HCLF+RT -0.1%0.3

Significant difference VLCHF vs HCLF. *p < 0.050 **p < 0.001. tSignificant change from baseline
p < 0.050. VLCKD= very low-carbohydrate high fat ketogenic diet HCLF= high carbohydrate low
fat diet, RT= resistance training, LBM= lean body mass, g= grams; d= day; kg= kilograms; CHO=

carbohydrate; FAT= lipids; PRO= protein; En%= percentage of total energy; mmolsL-1= millimol per

litre; HDL-C high density lipoprotein cholestrol; LDL-C low density lipoprotein cholesterol; TG=
triglycerides. All expressed as means + SD. Difference between VLCKD+RT — HCLF+RT, a negative
sign indicates that the change variables that are favours VLCKD+RT, except for variables expected
to increase such as LBM, and HDL-C, where the opposite applies.

Dabhlgren, and Gibas 2018 (203)
Lipid profile improvements

DESIGN: Case study Lipids % improvement
n=1 9 with MetS and memory loss
Duration: 6 sessions in total one session TG 56%
every other wk for 12 wk HDL-C 26%
TG/HDL ratio 51%
HIIT + VLCKD VLDL-C 37%
Intervention:
HIIT protocol Not disclosed. MetS= metabolic syndrome, HIIT= high-intensity interval training
VLCKD protocol Not disclosed. VLCKD= very low carbohydrate ketogenic high fat diet; wk= week(s)

TG= triglycerides; HDL
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Table 1-3 Chronic effect of exercise, HIIT or RT and LCHF part 9

Ramirez-Vélez et al 2020 (204)

DESIGN: Experimental
randomised single blind factorial 2x2

n=72 (234, 499) NG HIT RT CT
Completed study as follows: CRF (mlekgtemin™)’ 05 +8.3% +4.1% +6.3*
NG'= 16
HIIT2=15 MetS z score -3.01* -3.50* -2.7* -3.00*
RT3=12
HIIT-RT+ = 13 FMD(%)  +2.6 w27 +10.5% ’ +5.3
Duration: 12 wk
Sessions/wk: 3 MAP (mm Hg) -1 -4 -6 -3
NG GLU (mmolLY)” 011 017 +0.01 ' -0.08
AHA and Colombian guidelines
Counseling to change quality of diet HbAlc % -3.0 -35 -8.0 -3.0
Prescription: exchange list
Reduction of ~250 kcal TG -040%  .006 +0.09 ' -0.17

induce ~5-10% BW.wk-1
CHO 45-65%; FAT, 20-35%;

PRO10-35% E=1300-1500 kcald™ HIIT was more effective for improving CRF and RT was more effective to improve
Individualised and dietitian controlled the vascular profile which may explain the reduction of MetS score
HIT: * p <0.001within groups ** between groups

4-min warm-up @ 65% HRmax
4-min x 4 85-95% HRmax

interspersed with 4-min active
recovery @ 65% HRmax

Exercise delivery: running on treadmil NG= nutritional guidance; HIIT= high-intensity interval training; RT: resistance training;
4-min cool @ 65% HRmax until CT= HIIT-RT; AHA= American Heart Association, Hrmax= maximal heart rate; CRF=
total EE= 400-500 kcal per session. cardiorespiratory fitness; MetS= metabolic syndrome; FMD= flow mediated-dilation; MAP=
equivalent to ~12-kcalskg *ewk mean arterial blood pressure; GLU= glucose; HbAlc= glicated hemoglobin Alc; TG=
Diet same as NG triglycerides, ROM= range of motion; BB= barbell; DB= dumbbell kcal= kilocalories,
kg= kilogram;1-RM= one repetition maximum; CHO= carbohydrate; FAT= lipids; PRO= protein
RT E= energy intake per day; mm Hg= millimetres of mercury

Six exercises targetting major muscle
groups: (abdominal, dorsal, upper
and lower limb muscles) using
full ROM Intensity: 40-80% of 1-RM,
12-15 repetitions per set
and 1-min rest between exercises
Duration: 3040 min to spend
400-500 kcal per session
Exercise delivery: BB squats,
db squats, adductor split squats,
lateral adductor squat, DB biceps
curls, db lateral shoulder raises,
DB military shoulder press and DB
triceps curls. Warm-up and
Cool-down, 10-min each, gradual
exercises including walking and light,
static stretching
Diet same as NG
CT
Split session to spend between
200-250 kcal for
each modality: HIIT and RT.
~400-500 kcal/session.

Diet same as NG
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Wrapping up, from this evidence it is possible to imply that combining a nutritional strategy to an
exercise programme is desired, especially if as little as 2% of weight loss can predict a 25% metabolic
health improvement (61) in the presence of MetS which suggests that weight loss during an exercise
programme has more influence than an increase in aerobic capacity during an exercise programme
directed to improve VO2 max (61). The addition of a LCHF diet to either HIIT, RT or both seems that it
may potentiate metabolic improvements, while HIIT improves aerobic fithess and RT to a lesser
extent; RT favours a better body composition by protecting participants from lean body mass loss (44,
46). However, there are at least two concerns of following a LCHF diet and HIIT combined; these

relate to the potential of exaggerated responses that might take place in healthy individuals.

The first consideration is due to the fact that a LCHF diet is higher in fat, and that in some individuals,
even healthy ones, it may trigger insulin resistance. This has been observed during short studies (up
to 5 weeks), that a high intake of fat has led to insulin resistance (205). There was an accumulation of
intramyocellular fat (206) (diacylglycerol and ceramides) which therefore increased insulin resistance
that lead to hyperglycaemia and dyslipidaemia. Nevertheless, similar effects are observed with the
intake of diets high in refined carbohydrates and the potential to include HIIT or RT may protect
against this (43). However, evidence is limited (203, 207) that combining HIIT and carbohydrate
restriction is effective and minimises unwanted metabolic syndrome risk factors (203), insulin
resistance (as a result of carbohydrate restriction); fat oxidation, body composition, fithess improved
significantly as well after only two weeks of this combination of LCHF and HIIT. Unfortunately, there
are no studies testing both HIIT and RT but there is substantial evidence that HIIT (188) and RT (208)
can individually enhance insulin sensitivity and improve body composition. HIIT and RT are known to

reduce insulin resistance (205, 209) and improve cardiometabolic risk factors.

The second concern is the exaggerated responses to exercise that may be present in some
individuals with metabolic disease (T2DM) (hypertension due to exercise blood pressure, [SBP] 250
mm Hg or [DBP], 115 mm Hg exercise-induced angina, exercise-induced musculoskeletal strain)
along with post-exercise exaggerated responses (hypoglycaemia [<3.5 mmol/L or feeling symptoms of
hypoglycaemia] or PEH [£90 mm Hg SBP or <60 mm Hg DBP]) (210), that in fact can be present in
response to any type of exercise but those of high intensity might pose a greater risk. Therefore, close
supervision, especially at the beginning of any HIIT of RT programme, is required to minimise any risk
of such exaggerated responses, with exercise exposition and increases in fithess, these events can be
minimised (210, 211).

63



Another consideration and attractive effect of consuming a low-CHO intake is that it causes a
reduction of glycogen stores. This in turn increases the maximal mitochondrial enzyme activities
and/or mitochondrial content, and increased rates of lipid oxidation (212). These responses are likely
regulated by enhanced activation of key cell signalling kinases (e.g. AMPK, p38, MAPK), transcription
factors (e.g. p53, PPARJ) and transcriptional co-activators (e.g. PGC-1a), such that a co-ordinated up-
regulation of both the nuclear and mitochondrial genomes occurs (212, 213). However, exercising with
a low glycogen availability may also increase muscular protein breakdown (214). The latter may
require an additional protein intake and an adequate energy intake to avoid muscle catabolism (215-
217).

In summary, HIIT (as a substitution of AET) and RT have been found to be an effective and potent tool
for improving cardiometabolic risk factor control in overweight, obese, pre-diabetic, and type 2 diabetic
individuals that characterise MetS. Exercise programmes are no longer designed to only affect energy
expenditure but to modulate several metabolic pathways. In this review, a few examples are given as

an indication of their effectiveness in ameliorating cardiometabolic risk factors.

In addition, the synergistic effects of diet plus exercise (particularly a low-CHO high-fat diet [LCHF])
has been seen to improve these health outcomes and plays an important role in the prevention of
T2DM (23, 139, 199) and it is an irrefutable fact that nutrition plays a very important role in the
prevention of T2DM and any other risk factor of MetS. Finally, energy intake in a LCHF diet (even if ad
libitum), due to its higher protein and fat intake, has this satiety effect that limits spontaneous energy
intake close to energy requirements (24, 218). This is an additional advantage of lowering the CHO
intake (218) producing a greater impact on body weight, while both HIIT and RT maintain an elevated
metabolic rate (219) and protect from lean body mass loss (especially RT) (46). For this reason,
investigating the effects of combining HIIT and RT with a LCHF is warranted (43, 203, 207) as it may

provide a more potent non-pharmacological strategy to avoid MetS, T2DM and CVD.
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2 Iso-time and Quasi Iso-Effort, Comparison of the Acute Effects
of HIIT and RT Combined with a LCHF diet

Prelude.

The purpose of this thesis was conceived as a whole to investigate which type of exercise combined
with a reduction in carbohydrate intake would be a better option to improve the metabolic status of
individuals at risk with metabolic disease, whether that is type 2 diabetes, dyslipidaemia, hypertension

or any other condition that shares the same metabolic markers that are investigated here.

Characterising the acute responses of a single session of HIIT and RT equated by time and effort was
necessary to have the elements to describe the chronic (training) effects of these two exercise
modalities while following a low-carbohydrate, high fat (LCHF) diet. This study informs the reader of
the acute responses to a single session of either HIIT or RT and provides the elements that would
otherwise be missing to fully understand the results of the 12-week intervention. Chronologically, it
took place after the sixth week of training, because the demanding nature of the exercise sessions, a
period of at least 6 weeks was necessary to allow for adaptation and to assure that every participant

was going to be performing at the desired resistance and was able to finish the full session.
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ABSTRACT

Currently, there is paucity of research comparing the acute physiological responses of high-intensity
interval training (HIIT) with full body circuit type resistance training (RT). The aim of this study was to
compare the acute physiological responses to these modalities when performed iso-time and quasi-
iso-effort, in a sample of individuals at risk of metabolic disease examining endocrine and metabolic

responses. Additionally, all participants were following a low carbohydrate high fat (LCHF) diet.

METHOD: Using a cross-over design, eight participants performed both modalities in a random order.
Each session consisted of a 10 x 60 s @ 295% HRR (HIIT) or the maximum possible weight (= 70%
1RM) to perform 15 reps (2 s concentric, 2 s eccentric) using compound exercises (RT) interspersed
with 60 s of recovery. Gas exchange and heart rate were continuously monitored with a metabolic cart.
Blood pressure and blood samples that included glucose, interleukin-6, testosterone, cortisol, and

human growth hormone, were drawn pre- and post-exercise.

RESULTS: Energy expenditure, VOzpeak, and heart rate were greater during HIIT (all p< 0.05) than
RT, while cortisol, glucose, growth hormone, interleukin-6, testosterone, and were not significantly

different (p> 0.05) between groups post-exercise.

CONCLUSION: HIIT may provide a more favourable stimuli for weight control and aerobic capacity

enhancement than RT. LCHF did not impair high intensity exercise performance in this population.
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Introduction

In recent years, high-intensity interval training (HIIT) and resistance training (RT) have been receiving
more public interest given their known metabolic and physiological effects (220, 221). Performing
these modalities at high-intensity bursts interspersed with brief passive or active resting periods of
equal or dissimilar duration, allows individuals to effect metabolic pathways with potency [i.e.
testosterone, cortisol, interleukin-6 [IL-6] (222)] resulting in improved body composition, glycaemic
control, fat oxidation and disease risk. Early HIIT protocols were very demanding, because of the effort
involved (223). A solution for this situation is a submaximal, safe and enjoyable (224, 225) and
effective (175) protocol that uses ten intervals of 60 s, typically at 90%-95% of HRmax (17, 225),
interspersed with 60-s of active (light intensity) or passive rest. This protocol has been effective for

improving fitness, glycaemic control, body composition (187) and blood pressure (226).

Likewise, full body RT has been recommended as a potent stimuli to metabolic health for individuals at
risk of metabolic disease (221). Research has linked RT practice with a reduction in the risk of
developing MetS (227). Low strength levels are inversely associated with the risk of MetS and T2DM
(228). RT now has a good reputation for improving glycaemic control and it is believed that this effect
can be attributed to the repetitive effect of each training session (37). Energy expenditure has been
found to improve after a single session of three exercises of 6 repetitions and 2 min rest between sets,
using an intensity of 80% of 1 RM. Resting energy expenditure (REE) remained higher 24 h afterwards
compared to the same protocol performed at 40% of 1 RM (229). Hence, effort plays an important role
in improving REE which can then influence energy balance and fat loss, known to improve risk of
metabolic disease. RT can also increase lean body mass (LBM) and has a protective effect on lean
body mass during energy restriction (221, 230) making RT an ideal complement to any exercise

programme for improving metabolic health.

It is well established that the cumulative effect derived from the systematic repetition of a single
exercise session, provides the body with the stimuli (the exercise effect) to induce metabolic changes
according to the interplay of the duration, intensity and modality of the exercise session (173). It has
been observed that two exercise sessions with the same volume can lead to different outcomes (37,
173, 231). Rozenek et al. (176) tested the acute responses to a low volume HIIT (10 x 1 min
interspersed with 1 min of active recovery) in a group of healthy adults by altering the intensity in the
work to rest ratio (a) 80% peak power output PPO/0% PPO (80/0); (b) (80/50); (c) (100/0); and (d)
(100/50). They found that HR, HRpeak, RPE, blood lactate, and % VOzpeak values were produced by
80/50 and 100/0 protocols. However, the average % VOzpeak was significantly higher in 80/50, that
was contrary to their initial hypothesis, hence the necessity to assess the acute response to be in the

position to provide the public with better and more efficient exercise recommendations.
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Recently Steele et al. (179), published a comparison of a matched leg press (4 x 12RM usinga 2 s
concentric and 3 s eccentric repetition duration controlled with a metronome, thus each set lasted 60
s) and recumbent cycling (4 x 60 s bouts using a resistance level permitting 80—100 rpm), these tasks
were approximately matched for duration and effort. They observed similar responses in VO2, RER,
energy expenditure, muscle swelling and electromyography. Suggesting that when these conditions
are met (time, effort and muscle mass involved) it is possible to provide the same stimuli. Therefore, it
is feasible that two exercise sessions with the same volume and same work-to-rest ratio, but
performed with different exercise modalities exerting quasi-iso effort, may lead to different outcomes.
Indeed, research is expanding the knowledge of what we know regarding these two exercise
modalities, however there is paucity regarding the acute effects of a 10x1 min HIIT protocol (176, 225,
232) and full body circuit type RT. No direct comparison has been published contrasting HIIT and RT
with iso-time and quasi-iso-effort in a sample of individuals at risk of metabolic disease examining

endocrine and metabolic responses.

Potentially, this research would contribute to detailing key exercise-induced mechanisms to improve
exercise prescriptions for these two exercise modalities. It could also provide information to determine
if RT might potentially induce clinically meaningful improvements in cardiorespiratory fitness.
Therefore, we sought to quantify and compare energy expenditure (EE), heart rate (HR) CHO and fat
oxidation. Also the responses in the glucose, testosterone, cortisol, growth hormone, and interleukin-6

when HIIT and RT are performed iso-time and iso-effort.

Materials and Methods

A randomised crossover design was used to compare the effects of a single exercise session of HIIT
and RT. Participants were already participating in a 12-wk study comparing the effects of HIIT, RT or a
combination (COMBO), all inclusive of a low carbohydrate, high fat diet (LCHF). Participants in the
COMBO group were invited to participate in this study between weeks 6—-12 of the 12-wk intervention
study, to ensure sufficient familiarisation with the exercise and dietary demands of this acute study,
and were required to have attended at least 90% of all previous exercise sessions. See chapter 3 for
complete description. Testing sessions were all incorporated within the 12-wk training programme, and

were separated by one and two weeks.
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Participants

The inclusion criteria were: 18-60 years and 6 weeks of training in both HIIT and RT. The stated
exclusion criteria were: pre-diagnosed with a medical condition limiting their ability to participate in the
intervention; taking any medication with a direct effect on the outcome measures, including systolic
blood pressure (BP) > 180 mmHg and/or diastolic BP > 110mmHg; type 1 diabetes; history of
myocardial infarction, angioplasty, coronary artery bypass or cerebrovascular ischemia/stroke;
symptomatic congestive heart failure; atrial flutter; unstable angina; unstable pulmonary disease; third
degree heart block; recent history of alcoholism, drug abuse; pacemaker; unstable metabolic disease;

and orthopaedic or rheumatologic problems that could impair the ability to exercise.

A total of eight individuals (n=8) which included five males and three females (47+6 years and BMI

=27.2+2.9 kg*m?) accepted to participate from the larger training study cohort.

Ethics

All participants were provided with an information sheet describing the details of the study including
the benefits and risks of participation. Participants were provided with and signed institutionally

approved informed consent documents. The study was approved by the AUT Ethics committee.

Testing session’s protocol

Participants were required to refrain from any kind of physical activity regarded as moderate intensity
(3-6 METSs) (233) or above for the previous 48 hours before the testing day. They were also required
to come in to the laboratory in a fasted state, their last LCHF meal eaten at least 8 hours before testing
commenced. Participants were advised to duplicate as close as possible the same meal the day
before for both the HIIT and the RT exercise sessions to replicate similar conditions for this study. The
testing of each exercise modality was conducted 1-2 wk apart and performed at approximately the

same time of day. Figure 2-1 provides an overview schematic of the study.

69



~80 VO.peak HIIT RT =70% 1RM
ﬂ _&
~50VO.peak
e RPE ~17 RPE~17
) HRR =95% RR~2 1 Leeee Pasive recovery
1 min b
a —
1 - ﬂ - - e - [ ——
0 %) = B £% 3 B 0 I ai iz 0
w W) =
° v = a o =3 — = v vf O o
o= O o o o T o o o (a's
D) ] T [T o D 1 (5 T L4 cool-down
il _]E Olz = S i JaEE '—I'E L |z '(_).§ =i
15— oD |__|>'JN iR <C x5 ETs) Eo1 D Gr1 0wl Z 15 TilEco
) - Hoods it s fgyis i 1 ds 1% T8 idig igiis
baseline U w e m o w) . e w b m EE _j% rest
< e » — = s B
10 min 5min 1 imin 2 3 4 5 6 7 8 9 10 5min 30 min
¢ Blood draw ———— Conitinuous Indirect calorimetry e Initial measurements b Sample taken at the 10" minute of rest
o Blood pressure Continuous Heart rate monitoring a Sample taken at the 9" minute of baseline
HIIT High-intensity interval training . RTResistance training RPE rate of percieved exertion
RIR repetitions in reserve VO,peak Peak aerobic capacity 1RM méximum repetition

Figure 2-1 Acute study diagram.
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Procedures:

Functional testing

Without shoes and in light clothing, height (wall stadiometer to nearest 0.1 cm, baseline only) and
weight (to nearest 0.01 kg) were recorded. A Polar Heart Rate Monitor (Polar Electro Oy Kempele,
Finland), and Hans Rudolph face-mask (Hans Rudolph Inc. Shawnee, KS. USA) were fitted.
Participants sat still on a bed with upper body inclined about 10 min before gas collection began to
allow enough time for resting heart rate to be achieved. The gas collection began along with the
recording of heart rate, (this continued until the study finished), using a previously calibrated and
clean metabolic cart (ParvoMedics TrueOne 2400. East Sandy, UT. USA) following manufacturer
guidelines. The gas measurements were taken continuously and averaged every 15 s throughout
the whole study. Blood pressure was measured from the non-dominant arm using an automated
and certified sphygmomanometer (OMRON Model HEM-7321-E, Omron Corporation, Kyoto, Japan)
at three time points: after 10 min of rest, then 15 min after the end of exercise. The average of three

consecutive readings was used (234).

Blood was taken from an antecubital vein using BD Vacutainer system (Becton, Dickinson and
Company, Franklin Lakes, USA) by a certified phlebotomist. The sample serum was isolated by
centrifugation (1500 rpm at 4°C for 10 min) and frozen at -80°C, for later analysis. Samples were
analysed for cortisol (nmol/L), glucose (mmol/L), human growth hormone (HGH, ng/mL), insulin
(pmol/L ), testosterone ( nmol/L), and interleukin-6 (IL-6 pg/mL) using specific assays on a Roche
Modular E170 at AUT Roche Diagnostic Laboratory

After the 10 min rest period at the start of the session, participants took their position to begin a 5-
min warm-up, on a cycle ergometer (Lode Excalibur Sport, Lode BV The Netherlands). The RT
session started using Life Fithess 95C Inspire cycle ergometer (Life Fithess USA). Both exercise
sessions used the same warm-up intensity, a comfortable self-selected cadence between ~60-65
rpm that was producing an output of ~50 watts (175). An intensity that was considered an easy
pace enough to elevate heart rate without exerting the participants. For this reason it was also used

for the recovery periods for the HIIT session with the intention of minimising venous pooling (235).

Testing protocol: HIIT session

Prior to each test, the resistance (intensity) was adjusted to meet each participant’s required
intensity and to ensure HR target was met. Close to the end of the warm-up, participants were
made aware that interval number one was about to begin, and 5 s before the Lode Excalibur Sport

started to increase the resistance, participants increased the pedal cadence to 100 rpm when
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prompted verbally by the person assisting the test. This instruction took place for each of the nine
remaining intervals. The ergometer adjusted the resistance of the pedals according to the cadence
to regulate the required wattage output throughout the session and meet the work output
requirements. In all of the cases exercise resistance was three to five times the resistance of the

resting bouts of 50 watts.

After each work period, and during the last 10 s, participants were asked to report the RPE during
the first 5 s of the resting period by pointing to the RPE 6-20 scale, which was recorded in the
computer software along with the HR reached. This part was essential for the study as effort along
with the time were the two factors to be equated. If the RPE or the target heart rate wasn’t met after
the second work interval, the resistance of the ergometer was increased at the beginning of the
third interval by 20 to 50 watts. RPE was asked as if further adjustment was not necessary, so
changes were applied to the remaining of the work intervals. After the end of the last work interval,
participants continued cycling at 50 watts (60-65 rpm) for 5 min, then lay down and completed 30
min (at least) to capture early full term first EPOC. Ten min into the recovery, a blood sample and
blood pressure were taken. The following morning (24-h after) participants returned (8-12 h fast) for

the last blood sample and blood pressure measurements.

Testing protocol: RT session

Participants started the RT session with cycling for five min, (as per HIIT), at which time the
participants transitioned to the starting position of the RT session. The RT session included 6
compound exercises, switching from upper to lower body exercises. The order was as follows: 1)
pull down, 2) leg press, 3) bench press, 4) seated dumbbell row, 5) sumo squat, and 6) push-up.
These exercises were executed in this order and repeated until a maximum of 10 sets were

completed. That is, participants, performed exercises 1-4 twice, and 5-6 only once.

For each station, the participants had a pre-recorded audio instructing them when to begin the
exercise for each repetition. This controlled the tempo of the exercise so the participants knew
when to start lifting and when to start lowering the weight. The tempo was 2 s concentric, 2 s
eccentric for each phase of the lift. This equated to 15 repetitions per min, and matched the total
time of work conducted in the HIIT session. Throughout, until after the end of each work interval,
they were asked to indicate how hard they felt the exercise was (RPE) using the 6-20 Borg scale.
Heart rate was recorded using the metabolic cart computer software and by hand using a control
slip that (see Appendix G) indicated each interval with boxes designated for that purpose during the
first few seconds of each resting interval. The participants were also asked about how many reps in

reserve (RIR) they felt they had left at the end of each set (236). This is a measure of their
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perception of how many repetitions they might be able to perform if they were required to continue
with the exercise with the current load. Once the last work interval finished, the participant was
instructed to take their position on the cycle ergometer and begin cool-down. When cool-down
ended, participants were prompted to return to the bed and sat at least 30 min to record the first
period of EPOC. Ten min into the recovery period (15 min after the end of the last work interval),
blood pressure was taken, followed by the post-exercise blood collection. After this, participants

completed the recovery period and the testing session was finished.

Exercise metabolic cost computation

Energy expenditure was calculated in two ways: For the total energy expenditure for the work
intervals including recovery stages, we used energy per task as proposed by Scott (237); total
energy expenditure (per task) for the work and recovery sets was calculated by multiplying

absolute VO L/min x 5.05. To calculate CHO and fat oxidation rates, Ferrannini (238) equations
and Romijn (239) correction were used to obtain the PRO contribution to energy expenditure.
Gases were collected through the duration of the study using a mixing chamber system, VO and
VCO2. Metabolic cart was set to average data every 15 s (ParvoMedics TrueOne 2400, East Sandy,
UT. USA).

Average energy expenditure, CHO, fat and protein oxidation per min was calculated using

stochiometric equations proposed by Ferrannini (238) and is presented in kcal-kg:

PRO=6.25x N

CHO=4.55 x VCO2 — 3.21 x VO2 — 2.87 x N

FAT=1.67 (VO2 - VCO2) - 1.92 x N

EE kcalemin = CHO(g) X 3.72 kcaleg™® + FAT(g) X 9.44 kcaleg™ + PRO(g) X 4.70 kcaleg™

Statistics

Statistical Analyses were conducted using IBM-SPSS Statistics (version 24, IBM Corporation.
Chicago, Illinois, USA), Stata (version 15, StataCorp LLC Texas, USA) and Excel (version 16,
Microsoft Corporation Redmond, WA, USA). Normality was assessed using the Shapiro — Wilks test

for normality, and visually confirmed using QQ plots and Histograms. For assessing the difference
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between exercise modalities, energy expenditure and substrate oxidation generalised general
equations (GEE) were used for normally and non-normally distributed data.

Blood pressure and blood biomarkers differences between groups were assessed using a
generalised linear mixed model with restricted maximum likelihood (REML) which provides group
differences, time interaction and group-time interaction. ANOVA test was used to assess within
group differences and post-hoc tests using student t—test with Bonferroni correction were performed
to detect significant results. Hedges g effect sizes were calculated as it uses a correction for small
sample sizes (the case of the present study) to quantify the magnitude of the effect with its
associated 95% confidence intervals (Cl)s. Data are reported as means * standard deviation or

median and interquartile range for non-normally distributed data.

Results

The main findings of this study are that HIIT and RT of iso-time and quasi iso-effort produced
significantly different VO2peak, HR, energy expenditure, CHO and fat oxidation (Table 2-1), while
blood pressure and blood markers were similar except for testosterone (Table 2-2). Table 2-1
reports the between group differences that show the results of the GEE represented by the 3
coefficient, the SE, the t statistic, probability and 95% CI per condition. Table 2-2 show the between
group differences given by the B coefficient, the SE, the t statistic, probability and 95% CI of the
GLM with REML. Figures 2-2 — 2-3 display mean differences between groups (horizontal lines), and

means per interval.

Exercise intensity

Exercise intensity expressed in terms of VOzpeak of B= -8.005 p<0.001 HIIT (22.2+3.5 mlskg-temin-
1) vs RT (12.4%£1.1 mi*kgt*min?) (See Table 2-1). In consequence HR was significantly different (B=
-19.306 p=0.017) mean HR for HIIT: 138+16 bpm than RT: 114+19 bpm. (See Figure 2-2 and Table
2-1). MRPE of 16.9£0.9 (HIIT) vs 17.0£0.9 (RT), [B= 0.425 p=0.454] and was similar between HIT
and RT (See Figure 2-3 and Table 2-1).
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Exercise metabolic cost

Respiratory exchange ratio (RER) was also similar between HIIT (0.97+0.01) and RT (0.98+0.02)
[B= 0.003 p=0.810] (HIIT-RT). However, the total energy expenditure was greater for HIT (8= -
0.040 p<0.001), of 1.15+0.2 for HIIT and 0.54+0.1 kcal*kgtsmin-1for RT. Whereas the metabolic
cost from CHO oxidation was greater for HIT 0.10+0.02 kcal-kgt-min-! vs 0.05+0.01 kcal*kg-temin-t
for RT [8=-0.036 p<0.001] (See Table 2-1). Fat oxidation for HIIT was significantly greater than RT
[B=-0.651 p=0.002], when this difference was compared kcal*min-1, but when this was computed in
terms of BW it was no longer significant; (8= -0.004 p=0.170; 0.006 (0.002,0.011) kcalskg-tmin-!
and 0.001 (0.000, 0.002) kcal*kg-temin-1) respectively.

Blood biomarkers

After HIIT and RT there was no difference in the 15-min glucose, IL-6, and cortisol and growth
hormone did not show difference between groups (see Table 2-2). Whereas the hormone
testosterone was the only significantly different biomarker after 15 min of the last bout of exercise.
Showing a greater increase for RT as demonstrated by the group x time interaction (8= 0.723,
p=0.004) (See Table 2-2).
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Table 2-1 Aerobic capacity, Energy expenditure, substrate oxidation and aerobic capacity
comparison within both HIIT and RT exercise sessions

Between groups difference

RT - HIT
B LOWER UPPER SE t p
Exercise parameters
HR -19.306 -35.098 -3.514 8.057 -2.396 0.017
VO,peak mikg™min? -8.005 -10.024 -5.986 1.030 -7.770 <0.001
RER 0.003 -0.018 0.024 0.011 0.240 0.810
RPE 0.425 -0.688 1.538 0.568 0.749 0.454

Energy expenditure
tEE kcal*kg'min®  -0.040 -0.050 -0.030 0.005 -7.827 <0.001

Substrate oxidation
CHOOX kcalkg™*min® -0.036 -0.046 -0.026 0.005 -7.144 <0.001

FATOX kcalkg**min* -0.004 -0.010 0.002 0.003 -1.374 0.170

HIIT= high-intensity interval training, RT= resistance training, S=beta
coeficient, t= t-statistic, (95% confidence intervals) Total EE= total energy
expenditure (calculations comprised the 10 work intervals plus rest intervals
1-9 using Generalised estimating equations), CHOox=carbohydrate
oxidation, FATox=fat oxidation, VO,peak= peak oxygen uptake, HR= heart
rate, RPE= mean rate of perceived exertion Borg scale 6-20.
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Table 2-2 Blood pressure, glucose, IL-6, cortisol, testosterone and growth hormone
responses at 15 minutes post exercise: differences between sessions

Between group differences

Group-time interaction
RT-HIT

B Cl 95%
B lower upper SE z p

SYSTOLIC BLOOD PRESSURE

(mm Hg)
DIFFERENCE at 15min 6.125 -0.960 13.210 3.615 1.690 0.090

DIASTOLIC BLOOD PRESSURE

(mm Hg)
DIFFERENCE at 15min -3.250 -8.552 2.052 2.705 -1.200 0.230

GLUCOSE
(mmoleL™)

DIFFERENCE at 15min -0.313 -0.975 0.350 0.338 -0.920 0.355

INTERLEUKIN-6
(pg-mL™)
DIFFERENCE at 15min -0.189 -0.994 0.616 0.411 -0.460 0.646

CORTISOL
(nmol-L™

DIFFERENCE at 15min 13.475 -65.825 92.775 40.460 0.330 0.739

TESTOSTERONE
(ng-mL-1)
DIFFERENCE at 15min 0.723 0.229 1.218 0.252 2.870 0.004

GROWTH HORMONE
(ng-mL-1)
DIFFERENCE at 15min 0.222 -0.810 1.254 0.527 0.420 0.674

Generalised Linear Model using repeated measures with restricted maximum likelihood ratio (REML)
B= regresion coefficient SE= standard error z= z statistic p= probability Cl= confidence interval
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Discussion

The novel approach of this study was the comparison of HIIT and RT iso-time and (quasi) iso-effort
in participants who were on a LCHF diet. The purpose of this study was to compare these two
exercise modalities in their acute responses in energy expenditure, substrate oxidation during and
after a single session for 30 min (early EPOC) and hormonal responses after 15 min after a session
of 10 x 60 s interspersed with 9 x 60 s recovery, before and after a 5-min warm-up and cool-down
performed in a cycle ergometer. The study took place once participants were adapted to the LCHF

diet and were able to sustain and maintain the same effort through all exercise sessions.

Energy expenditure, aerobic capacity, heart rate responses and effort

The main findings were that energy expenditure (EE) for HIIT was twice as much the energy
expended by RT. Consequently, peak oxygen uptake (VOzpeak) was also two-times greater for
HIIT despite the same duration and effort that was confirmed by a similar RPE and also the RER
was similar. This could be explained by the extent of muscle mass that was exercised during each
modality. The HIIT exercise utilised in the present study was cycling solely performed with the legs,
that together represented the largest muscle mass of the body. Lyons et al. (240) found that excess
post-exercise consumption (EPOC) lasted longer after lower body exercise than upper body
exercise (cycling) when exercise was matched by energy expenditure, indicating that the larger the
muscle mass the greater the effect on oxygen uptake as a result of greater energy demand to fuel
the work being performed. In the present study RT utilised leg exercises only 30% of the time, and
70% of the time utilised upper body exercises which could have been the reason why energy
expenditure was lower for RT since it used a smaller muscle mass for longer. Another possibility
that may explain the greater EE was the speed of muscular contraction. It seems that the type of
contraction that involved HIIT is similar to the explosive contraction described by Mazzetti et al.
(241) who found that explosive contractions during the leg press exercise produced a greater
energy expenditure than a leg press exercise using 2 s x 2 s for concentric and eccentric phases
respectively. This was exactly the same tempo used in the present study, and was in line with the
study by Roberson et al. (242) who tested three circuit training full body RT protocols that used
different speeds and loads. The first one used high loads and controlled speed (2 s concentric and
2 s eccentric), the second used a moderated, but explosive concentric and controlled eccentric load
(2 s), and the third used a high and explosive concentric and controlled eccentric load (2 s). The
rate of energy expenditure was significantly greater for the third protocol. These studies support the
hypothesis that contraction speed was a determinant for producing a higher energy expenditure in
the present study. Another study that supports this rationale was conducted by Francois et al. (243)
who compared upper and lower body sprint interval training (SIT) (5x30 s all-out sprints,

interspersed with 4.5 min recovery). They found that both upper and lower body sprints with a
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resistance proportional to arms and legs’ muscle mass produced a similar metabolic response,

including HR.

The heart rate in our study was significantly greater for HIIT, which was in line with EE, denoting a
greater oxygen demand during working periods and greater muscle mass involved during exercise
at all time. This may be due to the speed and the total number of contractions of each exercise for
RT, which was significantly lower than HIIT (15 repsmin-1 vs ~100 rpm). Kaikkonen et al. (244)
controlled the heart rate during a RT programme by setting the speed of movement, this way it is

possible to regulate oxygen demand and therefore EE.

Blood pressure responses

In the present study, BP responses were similar between exercise modalities, after exercise. No
adverse effects were detected, indicative of the safety of both modalities. A limitation was the
absence of BP measurements during exercise to detect any possible changes in BP during
exercise, however it wasn’t considered necessary as all participants were normotensive. The
absence of any difference in BP between time points is not unusual; La Scala-Texeira et al. (245)
compared the acute effects of manual RT and free weights RT in a group of normotensive and
hypertensive individuals. Both protocols were matched by time and intensity. BP was measured
pre-, during and after 15 min, 30 min, 45 min and 60 min post-training. Normotensive individuals did
not show any difference between pre- and at any time point post-training. This could be explained
by saying that exercise intensity was insufficient to potentiate post-exercise hypotension in this
cohort. The other possible explanation is that for reaching that point when the post-exercise
hypotensive (PEH) effect was present it may require a longer time. Zeigel and Swan (246)
investigated the acute effects of whole body vibration and RT vs RT alone in a group of pre-
hypertensive individuals; PEH did not take place until 45 min after the cessation of exercise.
Therefore, there is a possibility that in our study, despite normotensive participants, the PEH effect
might have occurred happening well after the BP measurement that was taken at post-15-min post-

exercise only.

Glucose and hormonal responses

As expected, glycaemia was similar within and between groups as an indication that both exercise

modalities had the same influence. To note, all individuals were on a low carbohydrate high fat diet
(LCHF) nutritional approach and had been training for the previous 6 weeks (at least), perhaps then
were consequentially normoglycemic at baseline. This may have an influence on the non-significant

rise in glycemia after exercise (15 min time point). The magnitude of change measured by Hedges
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g was greater for HIIT, which might show a slightly better glycaemic response after HIIT than RT
when both modalities are iso-time and iso-effort. Supporting the above statement when individuals
are normoglycemic before exercise, Koopman et al. (247) also found a similar result after 24 h of a
single resistance exercise session. Little et al. (167) however, observed that a similar 10 x 10 HIIT
protocol reduced the 24 h glycaemic response measured by continuous glucose monitoring CGM
most likely due to ability to analyse glycaemia over the whole 24 h period which increases the

sensitivity of this method over only one sample in our study.

Interleukin-6 is a cytokine with pro- and anti-inflammatory properties and is produced by several
sources. During exercise the contractile muscle synthesises and releases it in high concentrations
representing the largest release into the bloodstream during exercise when glycogen levels are low
and it is supressed with CHO availability (248). Muscle derived IL-6 is the anti-inflammatory kind
(248) influencing the adipose tissue and the liver, inducing lipolysis and maintenance of glucose
homeostasis (249). In the present study the observed significant increase after exercise, (without
any difference between exercise modality), was in line with other studies involving either high
intensity aerobic (250) or RT (251) activity. It is considered that duration of exercise plays a far
more important role in producing the stimuli (252). In the present study this was probably
compensated for by the likely reduced muscular glycogen after participants being on a LCHF diet
with no more than 100 g of CHO per day and performing these exercise modalities for over 6
weeks, which could have reduced muscle glycogen. Phinney et al. (253) observed a reduced
muscular glycogen content to ~50% of its capacity after 4 weeks of following a ketogenic LCHF diet.
In another study, Harber et al. (254) noted one week of a LCHF diet with 5% CHO, -35% PRO and
60% fat despite restriction of physical activity and a significant reduction in CHO oxidation,
intramuscular glycogen stores were reduced by 20%. Following this logic, it is quite possible that in
the case of the present study, muscle glycogen depots may have been lower than their full capacity,
which favoured IL-6 synthesis. Keller et al. (255) compared two trials of two-legged dynamic knee
extensor exercises with two different glycogen concentrations (high and low) to determine which of
these conditions influenced the regulation of IL-6 expression. After exercise in both cases, IL-6
concentrations were determined. Their findings were that when there were low glycogen reserves,

the expression of IL-6 was greater than when the glycogen depots were greater.

Cortisol was significantly elevated during both conditions, most likely as a consequence of both the
intensity exerted during exercise and as a result of the IL-6 increase. Together, cortisol and IL-6
constitute the expected response to high exertion, serving as a signal for the liver to increase
glucose output to provide enough energy for the working muscle and to recover from exercise
(248). Steensberg et al. (256) demonstrated that, by infusing recombinant human IL-6 in doses

simulating the rise in IL-6 during strenuous exercise, this increased the expression of two anti-
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inflammatory cytokines (IL-1 receptor agonist and IL-10). Furthermore, it also stimulated the rise of
cortisol. All of this happens without any effect on the heart rate, mean arterial pressure, or
increasing plasma catecholamines, plasma TNF-a, and temperature, maybe as an indication that
IL-6 plays an important role in limiting potentially harmful effects of sustained inflammation (256).
Also it is believed that IL-6 stimulation is highly dependent on exercise duration (248). Whereas the
IL-6 expression is stimulated when glycogen levels are low (257), LCHF diet is known to reduce
glycogen levels (258). This let us think that both HIIT and RT intensity effect combined with the low
glycogen originated with the LCHF were able to increase IL-6, that potentially, it may confer an anti-

inflammatory effect if it is systematically repeated as part of an exercise programme.

Growth hormone was also significantly increased for both conditions, as has been previously
reported when cortisol and lactate are also significantly elevated. Increases are highly dependent
on training status and meeting the threshold between volume and intensity (259). Our programme
was designed to exert the highest possible hormonal response by choosing compound exercises;
15 repetitions per set with controlled movements and lifting weights close to failure. These
consisted of a pull and push, interspersed with either a pull or a push lower body exercise, two to
three sets per exercise (see Figure 1). Four sets of 15 repetitions with 1 min recovery periods
between sets of four exercises using 60% of 1RM was found effective for producing a significant
increase in GH (260).

Previous studies have shown that heavy RT induced greater concentrations of this hormone, as
mentioned prior, this programme was structured to induce the greatest hormonal response by
reproducing load patterns in previous studies. Since both interventions were successful in
increasing GH, it is possible to say it was effective; Benini et al. (261) used a similar RT session
(3x8-10 RM) composed of 10 exercises with rest periods of 90-120 s between sets. Since HIIT was
equated with time and effort, that was the probable reason that it was also successful in increasing
GH momentarily after exercise. Our findings support the notion that GH effect is due to the sum of

its acute effect rather than a training effect.

Testosterone was also observed to reach a significantly increased difference from baseline for the
RT group, but not for HIIT, but the difference between groups was insignificant. According to the
literature, a combination of duration, intensity and volume is required to produce changes in the
hormonal anabolic response (259). It seems that the combination of heavy loads and the order of
upper and lower body exercises in RT was important for testosterone to reach that level after
exercise. Budnar et al. (262) had much shorter duration; sessions of 12 rounds of 30 s kettlebell

swings (16 kg) resulted in significant increases in testosterone, growth hormone, and cortisol; the
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last two reached the greatest level at 15 min post exercise, whereas testosterone reached its
maximum level immediately after exercise (262). In another study, Raymond, Renshaw and Duncan
(263) provided evidence to reinforce the role of total load as the key stimulus to potentiate the
increase in testosterone, cortisol and growth hormone; comparing 12 swing cycles of 30 s of 8 kg vs
16 kg kettlebell. The 16 kg kettlebell swings provided the greatest increases in these hormones.
Regardless of the differences in muscle engagement (i.e. ballistic movements to controlled 2 s
concentric, 2 s eccentric), what is noticed is that short duration exercise with the adequate ratio of
work to resting periods, is able to generate a significant hormonal response. In the present study,
there were no significant increases in testosterone levels in the HIIT condition, potentially because
the overload generated was not as great as that in the RT condition. Comparing our study to that of
Velasco-Orjuela et al. (264) which used HIIT vs RT equated to energy expenditure, significant
reductions in cortisol and non-significant reductions in testosterone were observed, while cortisol to
testosterone ratio was increased due to cortisol reductions. Their intervention compared HIIT (85-
95% HRR 4x4min intervals with 4 min active rest 75-85 HRR between work intervals with a 5-min
warm-up and ended with a 4-min cool down at 65% heart rate reserve until the expenditure of 400
to 500 kcal) and RT (50-70% 1RM, one set 12-15 rep of five upper body exercises including the
bicep screw curl, triceps extension, dumbbell side lateral raise, dumbbell front raise and military
press. Three lower body exercises included dumbbell squat, dumbbell front lunge, and dumbbell
side lunge repeated until reaching 400-500 kcal) or a combination of both. Their participants were
sedentary and because of that, they could have lifted less weight than ours and achieved their
maximal upper exercise intensity tolerance which may have been lower than our participants’
exercise tolerance, who had already trained for at least 6 weeks. That may have allowed our
participants to use a greater load and speed in both exercise regimes. Because by the time they
participated in the present study their intensity had increased at least twice prior to the exercise
testing session. Therefore, it was quite likely that a greater resistance applied in our study for both
HIIT and RT elicited the difference.

Results in the present study should be used with caution as this is (to the best of the author’s
knowledge) the first time this combination of a LCHF diet and HIIT and/or RT is reported. However,
it shows the potential of the regime for metabolic manipulation if this exercise designed specifically

for an exercise programme was directed to improve metabolic health.
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Limitations

Limitations of this study were not including a glycogen measurement, only allowing for speculation
of muscle glycogen levels, however, depletion has been observed in diet-only trials lasting just one
week (42). A body composition analysis using DXA, magnetic resonance or bioimpedance analysis,
limits the calculations to extrapolate results only per kg of body mass reducing the accuracy at the
moment to compare it with other studies. A real strength of the present study included the high
methodological rigour that was used, providing certainty of the validity of all measurements. Future
research may include some of the additional measurements described above and may consider
having additional time point measurements for blood sampling immediately after exercise which
may allow a better picture for IL-6 and testosterone that may have their peaks at different time
points than was measured. Also, continuous glucose monitoring with real time estimation of plasma
insulin concentration (265), along with ketone bodies and ambulatory blood pressure monitoring

would certainly be an advantage.

Conclusions

In summary when both HIIT and RT are performed iso-time and quasi iso-effort, HIIT provides a
significantly greater energy expenditure; this might indicate that HIIT provides a more favourable
stimulus for weight control. Both HIIT and RT had similar responses for testosterone, cortisol,

growth hormone and glucose 15 min after exercise.

Having a LCHF diet did not impair exercise performance and probably influenced the expression of
IL-6 post exercise favouring an anti-inflammatory effect. Hormonal elevations after exercise were
slightly greater in magnitude for RT, however between group differences they were not detected.
This might indicate the similar effect of both exercise modalities which was due to exercise effort
rather than volume. However, the greater energy expenditure caused by HIIT was probably a result
of the faster muscular contractions when performing this exercise and was reflected in a greater
oxygen consumption. Consequently, a higher HR during exercise may be more beneficial for weight
reduction and may be chosen if this was the main objective; otherwise these two modalities may be

effective for improving metabolic health if performed systematically.
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Supplementary material

Table 2-S1 Within groups differences

Within groups differences

HIIT RT
Systolic blood pressure (mm Hg)
PRE 12111 12048
15 min 118+11 122+10
p 0.614 0.369
Diastolic blood pressure (mm Hg)
PRE 756 773
15 min 7616 7416
p 0.754 0.247

Glucose (mmol+L™)

PRE 5.4+0.7 5.2+0.6
15 min 5.9+1.4 5.4+0.5
p 0.663 0.626

Interleukin-6 (pg-mL™)

PRE 5.6+1.6 5.0+0.5
15 min 6.4+1.8 5.7+0.7
p 0.174 0.050

Cortisol (nmol sL ™)

PRE 428.2+176.9 433.6+115.8
15 min 836.6+85.9 855.4+91.6
p <0.001 <0.001

Testosterone (ngsmL™)

PRE 2.6x1.8 2.8+1.9
15 min 2.8+1.9 3.7+2.6
p 0.260 0.051

Growth hormone (ngmL ™)

PRE 0.97+1.13 0.95+1.13
15 min 3.94+1.03 4.05%1.05
p 0.008 0.007

HIIT= High-Intensity Interval Training RT= Resistance Training.
Within group difference calculated with ANOVA, pairwise comparisons used Bonferroni correction

Results expresed using mean + SD and significance

86



mm Hg

In addition to obtaining the 15 min sample, also were ab

blood pressure mesurement at 24 h after the last bout of exercise. These are presented in

the box plots below.
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Figure 2-S1 Systolic and diastolic blood pressures.
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Figure 2-S6 Growth hormone.

Romijn correction for energy expenditure

For energy expenditure calculation and because urinary nitrogen was not determined, a simple
correction was proposed by Romijn et al. (239), using 135mcg -kg-1-min-1 of N that would be

equivalent of an intake of ~85g of protein per day for a 70 kg individual:

Ox PRO <day* = (135 pg+kgt*min-t x 1440 min-day! x 70kg / 1000000) / 0.16

N=~85 g OxPRO +day!

Based on that we used participants’ protein intake and calculated the presumably excreted N which

was estimated:

N = (PRO x 0.16)/1440 mineday-1)/kg) x 1000000 = estimated N (ug-kg-l*min-) excretion
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3 Effects of iso-time, quasi iso-effort high-intensity interval
training, resistance training or both combined with low-

carbohydrate high fat diet.

Prelude

After knowing what the events of a single session of either HIIT or RT are, and what their
physiological effects are, it is possible to use that information for the interpretation of the effects of
this 12-week intervention. This chapter presents in a detailed manner all investigations with each of
its components (i.e. comprehensive assessment, nutritional approach, and exercise interventions).
It is an original contribution to the literature, as to the best of our knowledge, presents for the first
time a direct comparison between HIIT, RT or both when performed iso-time and quasi iso-effort
with the addition of a LCHF diet for improving metabolic health. This investigation shows the
possibility of combining high-intensity exercise with carbohydrate restriction, and provides the
reader with valuable information that may be used for the design and implementation of a similar
programme, and questions what are the aspects that require closer attention to minimise unwanted

outcomes.
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ABSTRACT:

Exercise and a healthy diet improve metabolic health. However, the ideal combination is unknown.
We compared the effects of iso-time and quasi iso-effort high-intensity interval training (HIIT),
resistance training (RT), or both (COMBO), all including a low carbohydrate high-fat diet (LCHF).
Fifty-four sedentary and overweight individuals (18-60 y, M=24, F=30) were randomised to 1 of 3
experimental groups: LCHF+HIIT, LCHF+RT or LCHF+COMBO. Participants performed their 20-
min exercise protocol 3/week/12 weeks while following the LCHF diet (<100 g CHO, ~1.5g PRO/kg
and unrestricted fat intake). Sessions involved 10x1 min of high-intensity effort (all ~17 RPE on a 6-
20 scale) interspersed with 1 min recovery periods. Intensity: HIIT (290% heart rate reserve); RT
(~70-80% of 1 repetition maximum, ~2-repetitions short of failure). Outcomes assessed included
body composition, glycaemic control, blood lipids, hsCRP, uric acid, and performance measures.
Adjusted between group differences were analysed with general or generalised linear models.
Improvements in HbA1c were significantly greater for LCHF+HIIT than both LCHF+RT (= 2.41,
p=0.014) and LCHF+COMBO (= 2.58; p=0.005). Body mass reduction was significantly greater for
LCHF+HIIT relative to LCHF+COMBO (3= 1.88, p=0.049). Upper body strength was superior for
LCHF+RT relative to LCHF+HIIT (B= 4.18; p=0.024). Resting metabolic rate (RMR) was greater for
LCHF+COMBO (B= 896.02; p=0.004) and LCHF+RT (= 690; p=0.024) both relative to
LCHF+HIIT. Otherwise, there were no significant differences observed between groups. All
interventions were similarly effective for improving cardiometabolic risk factors, potentially due to

the carbohydrate restriction and the high effort exerted during HIIT and RT.

Keywords: Metabolic Syndrome, VOzpeak, VAT, RMR, Weight loss, LCHF

Novelty bullets: « LCHF+COMBO or LCHF+RT provide an advantage vs LCHF+HIIT for metabolic
health because RT spares LBM and increases RMR. « RT, HIIT or COMBO were equally effective
for improving aerobic capacity. « RT, HIIT or COMBO + LCHF were equally effective for reducing
VAT.
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Introduction

Metabolic health is usually characterised by the cluster of metabolic risk factors (i.e. abdominal
obesity, impaired glucose tolerance, hypertriglyceridemia, decreased HDL-C, and/or hypertension)
known as the metabolic syndrome (MetS) (266). In this regard, it is generally acknowledged that
metabolic health is highly influenced or even dependent on habitual nutrition and physical activity

while genetic factors are also influential (266).

Within the nutritional approaches regarded as healthy, a low carbohydrate high fat diet (LCHF), as
defined by Feinman et al. (24), typically comprises < 100g of CHO per day (no more than 20-30% of
total energy intake per day); a moderate protein (PRO) intake (15-25% of total energy), and
comparatively high fat (50-60% of total energy) (23, 24). Such macronutrient distribution may
reduce glycaemia and body weight in addition to improving lipids and inflammation markers (22,
24). LCHF has been referred to as the default diet for metabolic syndrome and diabetes (24), and
usually favours eating food that is minimally processed (or ‘whole food’) while discouraging

consumption of processed food.

Although any general physical activity may result in positive effects on metabolic health in
previously sedentary individuals (16), high-intensity interval training (HIIT) and resistance training
(RT) have recently attracted specific attention, owing to their potential potency and multifarious
effects. HIIT is comprised of work bouts of 10 s to 4 min at >85% VO2max interspersed with low
intensity active recovery period of various durations. Though half or most exercise in the HIT
condition is aerobic, periodic excursions involving anaerobic energy pathways stimulating the
mitochondria to greater improvements in exercise capacity, mitochondrial biogenesis (17),
enzymatic markers associated with glycolysis (18), aerobic metabolism and beta (3)-oxidation (18)
than aerobic continuous training in a reduced time. There is agreement that this type of exercise is
suitable and effective at improving health markers in people with prediabetes (19). RT can
significantly improvement MetS risk factors such as obesity, high HbAlc levels, and systolic blood
pressure, and therefore would also be efficacious in the management of type 2 diabetes and

metabolic disorders (20).

It is generally considered that nutrition and exercise-based strategies to improve health are more
effective when used in combination than either one in isolation (21). The traditional approach has
been combining a low-calorie diet and aerobic or resistance training (21). However reducing

calories may not necessarily improve metabolic health if carbohydrate content is not considered,
arguably an influential component in factors such as glycaemic control (22, 23). Given the known

benefits of HIIT, RT, and a combination of these modalities as independently effective options, it is
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of interest to determine their relative efficacy, in particular when combined with a LCHF diet
approach. Hence the purpose of this study was to describe the effect of a combination a LCHF and
HIIT, RT or combined HIIT and RT (COMBO) in sedentary and overweight individuals at risk of

metabolic disease on a range of metabolic health outcomes.

Materials and Methods

With the AUT Ethics Committee approval (approval number: 15/194), a 12-week randomised trial
was conducted for which a total of 61 sedentary adults expressed their intention to participate. The
inclusion criteria included: 18-60 years, self-assessed low active (150 min of physical activity per
week), and overweight (BMI 225 kg/m2). The stated exclusion criteria were: pre-diagnosed with a
medical condition limiting their ability to participate in the intervention; taking any medication with a
direct effect on the outcome measures, including systolic blood pressure (BP) > 180 mmHg and/or
diastolic BP > 110mmHg; type 1 diabetes; history of myocardial infarction, angioplasty, coronary
artery bypass or cerebrovascular ischemia/stroke; symptomatic congestive heart failure; atrial
flutter; unstable angina; unstable pulmonary disease; third degree heart block; recent history of
alcoholism, drug abuse; pacemaker; unstable metabolic disease; and orthopaedic or rheumatologic

problems that could impair the ability to exercise.

Potential participants had explained to them both the risks and the prospective benefits, and if they
were willing to comply with all study requirements their written informed consent was obtained.

Thereatfter, participants were randomly assigned post baseline assessment to one of three groups
using a computer assisted 1:1:1 allocation (267) (LCHF+HIIT, LCHF+RT or LCHF+COMBO) (see

figure 1) and completed a range of assessments pre- and post-intervention.

Comprehensive assessment.

A comprehensive assessment at baseline and post-intervention, and is presented in the order it

was conducted:

Resting metabolic rate (RMR)

RMR was assessed during the morning between 6:00-9:00 am following an overnight fast (~12 h)
and no exercise for 12 h prior. Individuals were assessed while awake after lying supine for a
minimum of 30 min in a thermo-neutral environment while connected by a face mask to a metabolic
cart (ParvoMedics, East Sandy, UT). Every 15 s, oxygen consumption, carbon dioxide production

and ventilation data were analysed to determine RMR during a steady state period of at least 4 min
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or more (268), defined as £10% coefficient of variation (CV) in one or more of the following
parameters: VO2, VCO2, RQ (£5% CV), or min ventilation (268). Heart rate data was also collected
using a standard Polar heart rate chest band (Polar Electro Oy, Kempele, Finland) and the data
was then stored by the metabolic cart. Prior to each test, gas and ventilation calibration was carried
out; all detachable components (hose, non-re-breathable valve and mask, filter, etc.) were clean
and dry for each use following manufacturer recommendations. Blood pressure: Systolic and
diastolic blood pressure (BP) were measured with an automated Blood Pressure Monitor (HEM-
7321-E, Omron Corporation, Kyoto, Japan) after each participant had sat quietly for a period of 10

min. The average of three consecutive readings was used for analysis.

VO:zpeak test

After at least 4 h fast and no strenuous physical activity, participants arrived at the physiology lab.
Using a cycle ergometer (Lode Excalibur Sport, Groningen, The Netherlands) while simultaneously
measuring gas exchange with a metabolic cart (ParvoMedics TrueOne 2400, East Sandy, UT.
USA), participants were tested for peak aerobic capacity using an incremental protocol, increasing
20 W ever y 3 min for the first three stages, then 20 W every 1 min until volitional exhaustion and
not able to perform a cadence of at least 60 RPM. A test was considered maximal if RER 21.10 and
participants were unable to continue cycling. When maximal exertion was reached, participants
continued cycling (at 50 W) for an additional 10 min cool down. The Borg scale (269) of 6-20 was
used during the last 30 s of each step. Maximum heart rate within the last 30_s of each stage and

was automatically recorded by the metabolic cart.

Strength

Upper and lower body one repetition maximum strength (LRM) was assessed via the bench press

and leg press exercises using the methods of Levinger et al. (270).
Physical Activity

The validated International Physical Activity Questionnaire long form (IPAQ-LF) was used to assess

physical activity (PA) and quantified as METs-min-t-day- (271).
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Body composition

A whole-body dual-energy x-ray absorptiometry (DXA) scanner (GE-Lunar iDXA, GE Healthcare,
Madison, WI. USA) with GE-Lunar enCORETM software (version 15) was used to determine total
lean mass (kg), total bone mineral content (BMC) (g), total fat mass (kg) and estimated visceral fat
mass (VAT) (g). Height (wall stadiometer to nearest 0.1 cm, baseline only), weight (to nearest 0.01
kg), waist circumference (WC) at the mid-point between the rib cage and the iliac crest (to the
nearest 0.1 cm), and hip circumference were measured at the widest point of buttocks area (to the

nearest 0.1 cm) and waist to hip ratio (WHR) was calculated.

Blood biomarkers

Blood samples were obtained from an antecubital vein and collected into PST Il (REF 367375) and
K2E (REF 367839) BD vacutainers. Overnight (12 h) fasting was confirmed by verbally asking
participants before blood was collected by a certified phlebotomist between 06:00 and 09:00 am.
Serum was isolated by centrifugation (1500 RPM at 4°C for 10 min) and frozen at -80°C until further
analyses. Samples were subsequently thawed and analysed using specific assays on a Roche
Modular E170 at the AUT Roche Diagnostic Laboratory. Blood biomarkers assessed included
cardiometabolic biomarkers [C-Peptide (nmol-L1), insulin (pmol-L1), glucose (mmol-L1), HbAlc
(mmol-mol?), total cholesterol (mmol-L-1), low-density lipoprotein cholesterol (LDL-C) (mmol-L1),
high-density lipoprotein cholesterol (HDL-C) (mmol-L1), triglycerides (TG) (mmol-L), uric acid
(mg-dL1) and an inflammatory biomarker (high-sensitivity C reactive protein (hs-CRP) (mg-L%)].The
homeostasis model of assessment for insulin resistance (HOMAZ2) calculation was computed with
the HOMAZ calculator (version 2.2.3 for Windows; available from

https://www.dtu.ox.ac.uk/homacalculator). Values of >2 indicated insulin resistance (272).

Metabolic Syndrome estimation

The simple Metabolic Syndrome Score (siMS score) was used to determine the metabolic status
that was developed to be used in clinical and research settings using a sample of individuals of

similar characteristics of the present study (273).

2 X waist N Glu 4 TG N systolic BP HDLc
height 56 1.7 130 1.03 or 1.28 (male or female)

siMS score =

96



Dietary assessment

Food and beverage intake at the baseline were quantified from a 3-day food diary that included two
week days and one weekend day. Participants were instructed to measure their food and beverage
intake using common household measurements (cups-250 g or ml, tablespoons 15 g, teaspoons 5
g). Data from food diaries were analysed using Foodworks Nutrient analysis software (Xyris Ltd,
2012). In addition, adherence was monitored pre- and post-intervention using a short food
frequency questionnaire (FFQ) previously used elsewhere (42) with emphasis on foods containing
carbohydrate. Participants were also requested to record their food intake during three days of the
week as if they were completing a 3-day diary using a commercially available mobile apps
(MyFitnessPal, EasyDietDiary, etc.) to help them complete their pre and post food diaries.
Throughout the intervention the use of these apps was intended to maintain their awareness of
following the CHO restriction. Participants were encouraged to ask questions about their diet during
the exercise sessions each week to facilitate ongoing monitoring and adherence while reminded of

the importance of tracking their nutritional intake.

Wellbeing

The Profile of Mood States (POMS) short version comprised of 37 mood-related adjectives
developed by Shacham (274), and previously used in nutrition (275, 276) and exercise (277, 278)
studies. It was used to calculate the total emotional disturbance, which is the overall indicator of
global emotional well-being, obtained by adding the scores of all the sub-scales of negative
emotional connotation (Anger-Hostility + Confusion-Bewilderment + Depression-Dejection +

Fatigue-Inertia + Tension-Anxiety) and then subtracting the sum from the Vigour-Activity score.

Nutritional Intervention

All participants in all groups were instructed to limit their carbohydrate intake to a maximum of 100 g
per day, and as a recommendation, to consume between 1-2 portions of PRO each meal, or
approximately 30g PRO per meal (~1.5 g of PRO per kg of ideal body weight (IBW) in total for the
day [IBW=height (cm)-100 or 110 (male and female)] (279), while no restrictions were placed on the
amount of dietary energy or fat consumed, but to eat to satiety. In summary the dietary advice given
was one that emphasised the consumption of minimally processed foods, including vegetables,
unprocessed meats, eggs, nuts, oils and dairy products (such as butter, cream, Greek yogurt) and
small amounts of fruits and starchy vegetables. All participants were provided with educational tools
that consisted of a guide explaining the principles of carbohydrate restriction and how to balance
the macronutrient composition. All participants had access to a website specifically created to

provide additional information to help their understanding of the dietary protocol, and a nutritionist

97



with expertise in the LCHF approach was available to answer questions when required. These

materials have been previously used in another LCHF study by this research group (42).

Exercise programme

Supervised exercise sessions were conducted three times a week, for a total of 30 min (see Figure
1). The main component of the sessions were 10 x 1 min exercise intervals interspersed with 1 min
of passive or active recovery. The sessions were designed to be iso-time, and quasi iso-effort
between groups, in that a target heart rate of 290% of heart rate reserve (HRR) was prescribed for
HIIT sessions, while RPE was 17-18 for both HIIT and RT. Participants wore a heart rate monitor
chest band (Polar Electro Oy Kempele, Finland) and recorded the maximum heart rate achieved
during each work phase, along with their RPE (Borg 6-20). In addition to this, RT recorded the
number of repetitions in reserve (RIR) (236), to provide ongoing feedback and inform the load
prescription increments. During the intervention, all participants received verbal encouragement
during exercise sessions from the attending researcher. Once a week, participants were weighed,
waist and hip circumferences recorded and blood pressure was taken before exercise to allow them
to track their ongoing progress. This moment was also used to confirm participants were tracking
their food intake via mobile app and were also reminded of the importance of meeting their

nutritional prescription.

LCHF + HIIT group

Both a cycle ergometer (95C Inspire cycle ergometer Life Fitness, Rosemont, IL) and treadmill (95T
Engage treadmill, Life Fitness, Rosemont, IL) were used throughout the intervention. Participants
completed 5 work sets at 290% of HRR on either the cycle or treadmill, then swapped to either the
cycle or treadmill for the remaining 5 work sets. The number of work sets was incremented by one
per session, such that by week 4 all participants performed all 10 work sets at the target intensity.

‘Recovery’ sets were performed at approximately 50%-60% HRR.

LCHF + RT group

Participants exercised in a circuit format, performing 6 compound exercises using large muscle
groups. Initially resistance was set at 40-50% of 1RM until they acquired good form as assessed by
the supervisor. At such time the resistance was increased, until participants reached the point
where they reported RIR £ 5 (~70-80% of 1RM, ~2-repetitions short of failure), then weight was

increased about 5% of 1RM and so on.
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Combination group (LCHF + COMBO)

The combination group consisted of alternating two HIIT sessions interspersed with one RT session
per week, then the following week with two RT sessions and one HIIT session. This alternating
weekly pattern was repeated over the duration of the intervention. Figure 1 shows how exercise

sessions were designed.

Exercise training description

HIT RT
5 min/ ~50%HRR Warm-up duration /intensity 5 min/ ~50%HRR
any station START any station
1 min Duration per work interval 1 min
1 min/ ~50%HRR Recovery duration / intensity 1 min/ passive
10 Total work intervals 10
>90% HRR / ~17 RPE Intenstiy of work / effort >70% 1RM/~17 RPE/ 2-5RIR
5 each Intervals per station 1 switching until 10 are completed
5 min/ ~50%HRR Warm-up duration /intensity 5 min/ ~50%HRR
Leg-
Cable pull
down P press
cycle HIT treadmill Push RT Bench
ergometer giations ups stations press
Sumo Seated
squat row

HIIT=high-intensity Interval training, RT=resistance training, %HRR=percent heart rate reserve, RPE=rate of perceived exertion, 1IRM= maximum repetition,
RIR=repetitions in reserve

Figure 3-1 Exercise description.

Matching time and effort: Iso-time and Quasi Iso-effort

A commercially available mobile app metronome (WORKOUTS+, www.parabolicriver.com) with
programmed voice audible prompts, indicated when to begin and end active and resting periods,
and the tempo for both eccentric and concentric phases throughout the 20 min of exercise for every
session. Throughout the entire 36 exercise sessions, tracking exercise progress and assuring
intensity targets were being met, heart rate and RPE were recorded for HIIT training sessions and
HR, RPE, RIR and weight loads, were recorded for all RT sessions. Participants wore a heart rate
monitor watch and chest band (Polar Electro Oy, Kempele, Finland), and had a training record slip

paper designed to manually record (for all training sessions) these parameters. Participants were
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previously trained to record after each high-intensity interval/set RIR and/or RPE, and maximal
heart rate that was reached. If target HR wasn’t met and RPE was below 17 the speed was
adjusted accordingly for HIIT. RIR is the subjective estimation of the potential repetitions that can
possibly be performed after completing the prescribed number of repetitions. If RIR was 25 and
RPE was lower than 17, the weight load was increased accordingly for RT. To obtain an estimation
of how closely both HIIT and RT were quasi iso-effort, the session’s average RPE and heart rate
was obtained (MRPE). The average of all high-intensity work periods/intervals/sets, is considered
the session’s RPE expressed as MRPE (280). The MRPE was calculated for HIIT and RT sessions
for the last month (last 6 sessions for HIIT and RT). Exercise accompaniment: Participants were
monitored and provided with any assistance should they need it. Heart rate monitors, training
session’s paper slips to record heart rates, intensity level, the weight being lifted, RPE, RIR scores

were obtained during the exercise performance.

Adherence to intervention

Arbitrarily, adherence to nutritional intervention was having a CHO intake of 100 g + 10% measured
with the food diary. Exercise session adherence was defined as minimum 90% of all exercise

sessions attendance.

Control period

For assessing the stability of the measures, before the intervention started, we ran a control period
of six weeks on some of the participants (n=15) from the total sample of the present study. It
included all measures in the comprehensive assessment. We cannot call the present study a
randomised control trial because this period was only half of the duration of the experimental phase.
The reason for this was that the participant number was not large enough to compensate for the
withdrawals that may have occurred with those participants that expressed their reluctance to be
part of this study if they were assigned to the control group. This result was similar to Frarinha’s
study (281), with the difference that due to our limited resources we randomised participants to
participate in this control phase and had a second randomisation for integrating the three

experimental groups.

Statistical Analysis

All descriptive values are presented as means + standard deviation (SD), or medians and
interquartile range for not normally distributed data. All data was tested for normality using Shapiro-
Wilk test and histograms, and Q-Q plots. Equivalence at the baseline was determined using one-

way ANOVA or Kruskal-Wallis tests using Bonferroni correction and, homoscedasticity was
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confirmed through Levine’s test (pre- and post-testing). Within groups, differences were assessed
using a paired samples t-Test or a Wilcoxon signed rank test; magnitude and direction of effect was
detected using Hedges-g effect sizes, which corrects for small sample sizes, also reporting with its
95% confidence intervals. The coefficient of variation was computed for assessing the stability of
the measures. To establish significant differences between groups and ultimately which
combination was more effective for each outcome according to each variable, linear regression or
generalised linear regression models (GLM) using HIIT as the reference group were conducted and
evaluated to test whether there was a difference in the outcome variable between groups,
controlling for baseline measures. For presenting results in text, adjusted between group
differences are represented by 3 and the related p value. To compare if exercise was quasi iso-

effort, the Wilcoxon signed rank was used.

Analyses were conducted using IBM-SPSS Statistics (version 24, IBM Corporation. Chicago,
lllinois, USA), Stata (version 15, StataCorp LLC Texas, USA), and Excel (version 16, Microsoft
Corporation Redmond, WA, USA).
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RESULTS

Initial characteristics

Demographic and baseline characteristics by group are presented in Table 3-1. Baseline
characteristics between groups were equivalent (p>0.05) for all outcome measures, except for
fasting blood glucose (p<0.05), which was greater in the RT group; and did not change during the 6-
week control phase (see S1! and S21). Baseline and post-intervention outcomes for within groups’
differences are depicted in Tables S31- S8 Between group outcomes are shown in Tables 3-2 and

Figure 3- 2.

! Supplementary data are available with the article through the journal Web site at
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Table 3-1 Demographic characteristics.

BASELINE CHARACTERISTICS BY GROUP (PARTICIPANTS THAT COMPLETED THE INTERVENTION)

FITNESS
male / female
age (y)
HEIGT (cm)
BMI (kg/m?)

VO,peak (mL+kg™*+min™)
BENCH PRESS (kg)
LEG PRESS (kg)
RMR (kJ-day™)
PHYSICAL ACT (MET/min/day)

BODY COMPOSITION

BODY MASS (kg)
FAT MASS (kg)
VAT (g)

LBM (kg)

BMC (9)
WAIST (cm)
WAIST TO HIP RATIO

BIOMARKERS

C-PEPTIDE (nmol-L?)
INSULIN (pmolsL™)
HbA1c (mmolsmol™)

GLUCOSE (mmolsL™Y)

CHOL (mmolsL™)
HDL-C (mmol-L™)
LDL-C (mmolsL™)
TG (mmol-L™)
TG-HDL ratio
hsCRP (mg-L™)
URIC ACID (mgedL?)
METABOLIC HEALTH
siMS score
INSULIN RESISTANCE
HOMA2 IR
BLOOD PRESSURE

SYSTOLIC BP (mm Hg)
DIASTOLIC BP (mm Hg)

DIET COMPOSITION

ENERGY INTAKE (kJ)
CARBOHYDRATE %EI
CARBOHYDRATE INTAKE (g)
PROTEIN %EI
PROTEIN INTAKE (g)
FAT %EI
FAT intake g

WELLBEING
TOTAL MOOD DISTURBANCE

CONTROL
6/9
48 (46, 52)
17247
30 (29, 33)

26.62+6.54
38 (32.5, 62.5)
286290
6487+1315
379281

91.5+15.2
35.2+11.7
1439+778
53.3+9.8
3075+£450
105+9.8
0.94+0.07

0.80 (0.65, 1.10)

76.23 (41.34, 95.28)

36.86+3.33
6 (5.8, 6.45)
5.53+1.19
1.32 (1.18, 1.72)
3.93+1.28
1.33 (0.89, 1.49)
0.40 (0.32, 0.47)
3.07+1.68
0.38+0.10

2.74+0.79

1.70 (0.95, 2.1)

11716
75+8

8630 (7814, 10341)

54+2.7
293+44.1
16+1.9
86.3+17.7
29.3+2.4
70.1+10.9

16 (15, 18)

BASELINE
HIT RT COMBO
8/11 5/8 6/8
53 (41, 55) 48 (46, 51) 45 (41, 49)
172+10 171+13 174410
29 (28, 31) 29 (28, 31) 30.4 (28, 34)
23.54 (22.07, 31.37) 27.63%5.28 28.03+4.57
35 (30, 45) 49.42+27.14 49120
215472 276+105 297101
6360 (5630, 7226) 67651991 7011%2277
392474 36869 397474
88.2+16.3 89.93+21.87 91.6+20.4
32 (28.5,36.7)  29.82 (28, 37.03) 34.5+12.4
1389+769 13024908 11354688
51.7+11.0 53.36+14.5 54+11.7
3115 (2427, 3436) 2934752 3051+583
105 (97.8, 106) 102.7 (96, 111) 105.7+12.4
0.95+0.05 0.92+0.10 0.94+0.06
0.8020.33 0.81 (0.58, 0.99) 0.93 (0.32, 0.86)

81.1 (55.4, 100)
34.5 (31.1, 36.4)
5.28+0.58
5 (4.5, 5.5)
1.51+0.51
3.4 (3.09, 3.67)
1.11 (0.78, 1.43)
0.29 (0.18, 0.59)
2.2 (0.85, 3.2)
0.32+0.09

2.52+0.85

1.71 (1.16, 2.19)

126+16
80+10

87031517
49.1 (46.4, 50.4)
275+57
1621.17
75.4 (71.3, 92.5)
28.9 (27.8, 30.9)
66.3 (58.5, 75.5)

15 (13.5, 15)

48.8 (39.9, 90.6)
36.9+2.6
6 (5.5, 6.65)

5 (4, 6)
1.49+0.47
3.77+1
1.14 (0.99, 1.35)
0.33 (0.27, 0.49)
2.9 (1.6, 6)
0.39+0.14

2.75+0.77

1.08 (0.89, 1.99)

118.77+13.48
76.62+6.95

8017 (7661, 10333)
49.61£2.97
290+46.68
15.7+2.64

78 (64, 102.8)
29.3+1.75
63 (60, 76.8)

16 (14, 18)

69.2 (46.8, 100)
35.642.5
5.940.7

5 (4.25, 6)
1.4420.35
3.57+0.95

1.16 (0.89, 1.34)

0.35 (0.26, 043)

2.35 (1.1, 3.5)
0.34+0.08

2.62+0.61

1.52 (1.09, 2.04)

119+12
765

8787+1704
49.5+2.3
287.4+57.7
16.1£1.5
84.5+17.3
28.7+1.7
66.8+12.9

16 (14, 17)

0.262
0.745
0.528

0.622
0.641
0.055
0.959
0.766

0.948
0.951
0.699
0.946
0.958
0.797
0.934

0.072
0.673
0.069
0.003
0.273
0.963
0.377
0.913
0.977
0.305
0.163

0.889

0.752

0.427
0.196

0.744
0.928
0.771
0.941
0.851
0.729
0.744

0.014

Mean+SD or Median (IQR) (italic). Comparisons between groups, ANOVA or Kruskal-Wallis, significance <0.05

VAT= visceral adipose tissue, LBM= lean body mass, BMC= bone mineral content, CHOL= total cholesterol TG= triglycerides
hsCRP= high sensitive C reactive protein siMS score= Simple Metabolic Syndrome score

HOMAZ2-IR= Homeostasis Model Assessment 2 Insulin Resistance, %EI= percentage of total energy intake.
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Adherence for both the exercise and nutritional programmes

Adherence for both the exercise and nutritional programmes (see Tables S31, S41) were

satisfactory. The CHO intake was within the desired limit of 100 g per day and the attendance was

>90% of exercise of the total of 36. The Figure 3-2 CONSORT diagram presents the participant

flow. All Tables show the results arranged by group, for practicality instead of LCHF+HIIT,

LCHF+RT and LCHF-COMBO, groups are referred only as HIIT, RT and COMBO, in all tables and

when presenting results between groups.

<+«— |2 Weecks —»

Open invitation through advertisement in local
networks.

I

n=061
Informed consent given. Baseline assessment and
randomisation for control group./stability of
measurements group.

N=15 Stability of measurements group

n=54
* 279 Randomisation for interventional phase &
assessment prior intervention.

n=7: 3 male, 4 female, excluded for not
meeting inclusion criteria.

} ! !

start start start
n=20 n= 17/ n= 17
HIT RT COMBO
end end end
n=19 n=13 n=14

3 participants were given the choice to self-
select HIIT group to join spouses.

— 0

Attrition:
n=Ifemale HIIT
n=4: | male, 3 female RT
n=3: | male, 2 female COMBO
Reasons unrelated to exercise or diet
intervention: pneumonia, job commitment, not
able to attend regularly to training: divorce,
bone fracture, family matters.

Assessment at least 72h after last exercise session

Figure 3-2 CONSORT diagram.
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Comprehensive assessment results.
RMR

RMR was greater for LCHF+COMBO (= 896.02; p=0.004) and LCHF+RT (B= 690; p=0.024) both
relative to LCHF+HIIT (see Table S5 and Figure 3).

VOzpeak test

Cardiorespiratory fithess improvements were significant within groups only, equivalent to 1.04
(+14%), 0.84 (+11%), and 1.29 (+16%) metabolic equivalent tasks (METSs) gains for LCHF+HIIT,
LCHF+RT, and LCHF+COMBUO respectively, but not different between groups (HIT vs RT: B= -
0.64; p=0.440; HIIT vs COMBO: B= 0.95, 95% CI -0.68, 2.57; p=0.245). Strength: Bench press
and leg press improved significantly for all exercise groups (see Table S5?), the LCHF+RT group
had the most improvement for bench press relative to LCHF+HIIT (8= 4.18; p=0.024), with no
significant between-group difference for the leg press (HIIT vs RT: 8= 6.81; p=0.610; HIIT vs

COMBO: B=10.95; p=0.628. Physical activity: was maintained the same after 12 weeks of
intervention (see Table S5) (HIIT vs RT: 8= 1.98; p=0.499; HIIT vs COMBO: 8= 3.41; p=0.232).

Body composition

All intervention groups experienced significant improvements in body mass, fat mass, and visceral
adipose tissue (see Table S7%), but only body mass was significantly different between groups; the
LCHF+HIIT group had the greatest reduction in body mass relative to COMBO (8= 1.88, p=0.049)
(see Table 2 and Figure 3). LBM was significantly reduced for the LCHF+HIIT group, (see Table
S71) but similar between groups (see Table 2). BMC was significantly reduced for LCHF+HIIT and
LCHF+RT (See Table S7) but similar between groups (HIIT vs RT: (= -6.87; p=0.522; HIIT vs
COMBO (B=13.56; p=0.260) (Table 2).

Blood biomarkers

All measured metabolic parameters improved after 12 weeks of intervention. Most notably
glycaemic control assessed by HbAlc was most improved for LCHF+HIIT relative to both LCHF+RT
(B=2.41; p=0.014) and LCHF+COMBO (8= 2.58; p=0.005). After 12 weeks, there were
improvements across all groups for HDL-C, LDL-C, TG and TG/HDL-C ratio, with significant

! Supplementary data are available with the article through the journal Web site at
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improvements only for LCHF+HIIT and LCHF+RT (see Table S6) but there was no significant

between group difference.

Metabolic health

The Simple Metabolic Syndrome score (siMS score) was significantly reduced for all groups (Table
S81); but there were no between group significant differences (HIIT vs RT: 8= -0.02; p= 0.862. HIIT
vs COMBO: = 0.20; p= 0.130). Insulin resistance measured by HOMA2-IR, also significantly
reduced for all interventions; but not different between groups (HIIT vs RT: = 0.09; p= 0.560. HIIT
vs COMBO: = 0.00; p= 0.986). Although participants were normotensive at the start of the study,
significant reductions were observed for systolic blood pressure (SBP) (all p<0.024, see Table S81),
while only LCHF+HIIT and LCHF+COMBO were significantly different for diastolic blood pressure

(DBP) (Table S8%). Nevertheless, between group differences showed no difference.

Dietary assessment

Between groups energy intake was similar (p= 0.470), but there was a significant reduction in the
energy intake between pre- and post-assessment within all groups (p< 0.001) (see Table S41)
which was found for all participants. The energy intake reduction was a consequence of a
significant reduction of ~183 g (~60%) in CHO intake between the baseline and post-12 weeks
results (p< 0.001) that were similar for all groups (HIIT vs RT: 8= 8.45; p= 0.608. HIIT vs COMBO:
B=2.45; p= 0.312). This can also be observed in the reduction of servings of CHO rich foods and
the increase of foods with low carbohydrate content (see Table S3%). At baseline, participants
reported they were consuming 10+ portions of bread per week, and they reduced it to 1-3 portions
during the intervention, reflected in the post-intervention assessment. Conversely, they increased
their intake of non-starchy vegetables and fruits in all groups (see Table S3t). Overall, the CHO
content in the diet, as mentioned previously, was significantly reduced across all groups showing
there was a good adherence to their dietary prescription. The protein intake was significantly (p<
0.001, Table S4%) increased (50-56%) (see Table S4') and was similar between groups (HIIT vs RT:
B=-2.48; p= 0.649. HIIT vs COMBO: = 0.72; p= 0.826). Fat intake followed the same trend as
protein registering significant increases (13-29%) between pre- and post-intervention (p< 0.001, see
Table S41) and was similar between groups (HIIT vs RT: 8=-0.81; p= 0.801. HIIT vs COMBO: 3= -
0.34; p= 0.914). Exercise programme: successfully matched, the MRPE was for 17.2 HIIT vs 17.5
for RT.

! Supplementary data are available with the article through the journal Web site at
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Wellbeing

In general, wellbeing that was measured by the POMS improved across all groups (see Table S9?),
after 12 weeks of intervention as was shown by a similar reduction between groups in the total
mood disturbance (p= 0.187) (see Table 3-2).
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Table 3-2 Between groups’ difference

BETWEEN GROUPS' DIFFERENCE

HIT - RT HIIT - COMBO
B 95% CI B 95% CI
BODY COMPOSITION B SE t p lower  upper B SE t p lower upper
*WEIGHT (kg) 1.36 098 1.40 0.163 -0.55 3.28 1.88 0.96 1.97 0.049 0.00 3.76
FAT MASS (kg) 0.47 0.97 048 0.633 -1.49 242 1.11 0.95 1.17 0.249 -0.80 3.02
*VAT (9) 48.27 7531 0.64 0522 -99.34 195.88 30.02 7433 040 0.686 -115.67 175.71
LBM (kg) 0.88 0.46 192 0.062 -0.05 1.80 0.72 0.45 1.61 0.116 -0.18 1.62
BMC (g) -6.87 12.11 -0.57 0.573 -31.30 17.56 1356 11.87 1.14 0.260 -10.39 37.52
WAIST (cm) 0.84 1.39 0.60 0.549 -1.97 3.65 2.24 1.36 1.64 0.108 -0.51 4.99
WHR 0.00 0.01 -0.24 0.814 -0.03 0.02 0.00 0.01 0.32 0.749 -0.02 0.03
BIOMARKERS
C-PEPTIDE 0.01 0.06 0.26 0.800 -0.10 0.13 0.08 0.06 1.38 0.176 -0.04 0.19
*INSULIN 2.82 6.93 041 0.683 -10.75 16.40 -1.12 6.76 -0.17 0.868 -14.37 12.12
HbA1lc (mmolomol'l) 2.41 094 257 0.014 0.51 4.30 2.58 0.87 2.95 0.005 0.81 4.34
GLUCOSE (mm0|.|_'1) 0.15 0.14 1.06 0.293 -0.13 0.42 0.01 0.12 0.08 0.938 -0.24 0.26
CHOL (mmoI-L'l) 0.03 0.24 0.11 0.912 -0.46 0.51 0.16 0.24 0.66 0510 -0.32 0.64
*HDL-C (mmoI-L'l) 0.00 0.09 0.03 0.975 -0.18 0.18 -0.07 0.09 -0.75 0452 -0.24 0.11
LDL-C (mmol-l_'l) -0.02 0.21 -0.09 0.929 -0.44 0.41 0.14 0.21 0.68 0.500 -0.28 0.56
*TG (mmoI-L'l) -0.12 0.10 -1.17 0.240 -0.31 0.08 0.17 0.10 1.69 0.090 -0.03 0.36
*TG-HDL ratio 0.06 0.07 092 0.358 -0.07 0.20 -0.12 0.07 -1.72 0.086 -0.25 0.02
*hsCRP (mg-L'l) -0.75 056 -1.33 0.183 -1.84 0.35 -1.03 054 -191 0.057 -2.08 0.03
*URIC ACID (mg-dL'l) -0.02 0.01 -1.38 0.167 -0.04 0.01 -0.02 0.01 -156 0.118 -0.04 0.00
METABOLIC HEALTH
siMS SCORE -0.02 0.14 -0.17 0.862 -0.30 0.25 0.20 0.13 1.54 0.130 -0.06 0.47
INSULIN RESISTANCE
*HOMA2 IR 0.09 0.15 0.58 0.560 -0.21 0.39 0.00 0.15 -0.02 0986 -0.29 0.29
BLOOD PRESSURE
SYSTOLIC BP (mm Hg) 0.82 229 036 0.722 -3.80 5.44 1.29 2.24 058 0567 -3.22 5.80
*DIASTOLIC BP (mm Hg) 1.16 225 051 0.608 -3.25 5.56 2.25 2.23 1.01 0312 -2.12 6.62
DIET COMPOSITION
ENERGY INTAKE (kJ) -61.64 130.89 -0.47 0.640 -325.78 202.50 -93.20 127.90 -0.73 0.470 -351.32 164.93
CARBOHYDRATE %EI 1.65 158 1.04 0.305 -1.55 4.84 0.32 1.55 0.21 0.838 -2.81 3.45
CARBOHYDRATE INTAKE (g) 8.45 5.05 1.67 0.102 -1.74 18.65 2.45 4.93 050 0.622 -7.50 12.41
PROTEIN %EI -0.37 0.82 -0.46 0.649 -2.02 1.28 0.43 0.80 0.54 0.594 -1.18 2.04
*PROTEIN INTAKE (g) -2.48 335 -0.74 0.460 -9.05 4.09 -0.72 328 -022 0826 -7.15 5.70
FAT %EI -0.31 126 -0.24 0.809 -2.84 2.23 -0.15 124 -0.12 0.907 -2.65 2.36
*FAT intake (@) -0.81 3.23 -0.25 0.801 -7.14 5.51 -0.34 3.16 -0.11 0914 -6.54 5.86
FITNESS
VO,peak (mlkg™*-min™) 064 082 -078 0440 -229 101 095 080 1.18 0245 -0.68 257
BENCH PRESS (kg) 4.10 1.81 226 0.024 0.55 7.64 -0.86 177 -048 0.628 -4.33 2.62
LEG PRESS (kg) 6.81 13.24 051 0.610 -19.92 33.53 1095 13.37 0.82 0418 -16.04 37.93
ENERGY EXPENDITURE
RMR (kJ.day'l) 690 295 2.34 0.024 9457 1285.64 896.02 289.63 3.09 0.004 311.52 1480.53
PHYSICAL ACT (MET-min'loday'l) 1.98 291 0.68 0.499 -3.89 7.85 3.41 2.82 1.21 0232 -2.27 9.10
WELLBEING
TOTAL MOOD DISTURBANCE 1.261 0.955 1.320 0.187 -0.61 3.13 0.905 0.917 0.990 0.324 -0.89 2.70

Comparison between groups, Linear regression or (*) = Generalised Linear Regresion, HIIT group used as reference group,
VAT= visceral adipose tissue, LBM= lean body mass, BMC= bone mineral content, WHR= waist to hip ratio

ClI= confidence intervals CHOL= total cholesterol TG= triglyceride hsCRP= high sensitive C reactive protein siMS score= Simple Metabolic Syndrome score
HOMA2-IR= Homeostasis ModelAssessment 2 Insulin Resistance. %EI= percentage of total energy intake, RMR= resting metabolic rate
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Figure 3-3 Boxplots between groups’ difference
Discussion

The aim of this study was to compare the effectiveness of a novel combination of exercise and
LCHF diet at improving cardio-metabolic risk factors associated with the development of metabolic
disease. This is the first study, to our knowledge, that compared quasi iso-effort and iso-time
LCHF+HIIT, LCHF+RT and LCHF+COMBO. The main finding was that all these combinations
effectively improved almost all outcomes which translated in significant improvements in metabolic

health especially reflected in the cardiorespiratory fitness, RMR, body composition and siMS score.

The cardiorespiratory fitness was significantly improved, with no differences between groups. It is
interesting that the group using RT experienced an improvement of 2.94 mL+kglemin-, that was
similar to the gains of HIIT and COMBO. It has been identified that higher aerobic capacity is
related to lower risk of developing metabolic disease, with a 10-20% reduction of cardiovascular
mortality for each metabolic task (MET) that is increased (282). In this respect, Francois, Durrer,

Pistawka, Halperin, Chang and Little (283) observed an improvement of 2.45 mL+kg1emin- after 12
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weeks of training involving HIIT twice a week and RT once a week, noting that this was an
important improvement. While their HIIT protocol was very similar to ours, the RT and progression
of exercise intensity were not. The resistance exercise consisted of as many repetitions as possible
for each min of work intervals and only included lower body exercises. The RT load was based on
an RPE~5 “hard” on the Borg CR-10 scale, or approximately 30-40% 1-RM. The progression
started from 4 high-intensity intervals in week 1, to 10 in week 6. Intensity was given by the weight
being lifted rather than the speed of movement, necessary to accommodate as many repetitions as
possible per min of exercise. By contrast, although we prescribed a similar RPE (but different
scale), we utilised a greater resistance load than that of Francois et al. and our tempo was 2 sec
eccentric - 2 sec concentric, allowing a total of 15 reps per min. We prescribed the load to be no
more than 2 repetitions short of failure, with a progression in set number. These differences could
have been the reason why in our study, LCHF+RT group's aerobic capacity improvement was
similar to the LCHF+HIIT and LCHF+COMBO. Also, the lower exercise volume performed during
the first half of the trial of Francois et al. could have influenced this difference. In addition, the
greater load used in our RT programme could explain the difference in gains by our group that
performed COMBO compared to those of Francois, Durrer, Pistawka, Halperin, Chang and Little
(283), because a greater load translates into greater intensity and the latter has been identified as
the crucial factor to influence cardiorespiratory fithess improvement (284). Upper body strength was
improved for all three groups; between the groups LCHF+RT (p=0.024) was significantly greater
than the LCHF+HIIT but not the LCHF+COMBO. This was expected because HIIT only used lower
body exercises (cycling and running) while RT directly exercised (bench press and push ups) the
muscles used for the bench press test. Lower body strength also improved significantly for all
groups (p<0.001), showing that all exercise combinations were effective in enhancing strength, in
line with the work of Androulakis-Korakakis, Langdown, Lewis, Fisher, Gentil, Paoli and Steele
(285) who reported that high-intensity training, regardless of modality (aerobic and RT), was able to
improve lower body strength. Hence, strength gains can be achieved with HIIT using cycle

ergometers and treadmills if a sufficiently high effort is applied.

It was found that reductions in body mass were greater in the LCHF+HIIT group; significantly more
than the LCHF+COMBO but not the LCHF+RT. This result could be attributed to individual
differences, and as a consequence of a transient exercise-induced energy expenditure that extends
for up to 38 h (286) after the last bout of aerobic exercise (19). While transient and small, this could
lead over time to an accumulated greater caloric deficit in this group. Indeed, Mazzetti, Douglass,
Yocum and Harber (241) found that faster muscle contractions compared to slow contractions (2 s
eccentric, 2 s concentric reps, same tempo used by RT exercise in our study) using a squat
workout, resulted in 5.2+4.3% greater transient energy expenditure. Therefore, it could be

reasonable to conjecture that the LCHF+HIIT group was exercising at a considerably faster rate of
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muscular movement or contraction, which could have produced the highest energy expenditure
resulting in a greater caloric deficit, that caused the greatest magnitude of change in body
composition markers observed in this study. BMC was reduced after 12 weeks of combining the
LCHF diet and HIIT and RT but not the COMBO, which may be a result of the small sample size,
because the magnitude of change was very small for LCHF+HIIT and LCHF+RT, while it was non-
significant for the LCHF+COMBO (Table S7), or could be as a result of the lean body mass
reduction and the negative energy balance. Courteix, Valente-dos-Santos, Ferry, Lac, Lesourd,
Chapier, Naughton, Marceau, Joao Coelho-e-Silva, Vinet, Walther, Obert and Dutheil (287)
observed that after a year of dietary (CHO: ~50%, PRO: 15-20% 1.2 g<kg1ed!, E: -2090 kJ+d* ~500
kcaled!) and exercise (15-20 hewk1, high intensity) intervention, reductions in BMC were
significantly and independently associated with reductions in LBM and a negative energy balance.
Conversely, those individuals that maintained the exercise compliance closer to what was
prescribed, showed a higher BMC despite energy restriction. Comparing that to the present study,
their CHO intake was higher than the CHO intake in our study, while energy intake was similar to
ours. CHO restriction combined with energy restriction could trigger BMC loss in the short term.
Another difference is exercise volume that clearly was different from the exercise volume in our
study, probably the reason why, despite high compliance, the volume may have influenced BMC
loss. Indeed, Heikura, Burke, Hawley, Ross, Garvican-Lewis, Sharma, McKay, Leckey, Welvaert,
McCall and Ackerman (288), recently demonstrated that CHO restriction under isocaloric
conditions, impaired bone turnover makers after 3.5 weeks while performing prolonged high-
intensity exercise. This impairment was partially reversed when acute CHO restoration took place
(288). In line with this finding, Hammond, Sale, Fraser, Tang, Shepherd, Strauss, Close, Cocks,
Louis, Pugh, Stewart, Sharples and Morton (289) observed that if CHO was supplemented before,
during and after an acute training session, independent of energy availability, there were attenuated
markers of bone resorption. Brinkworth, Wycherley, Noakes, Buckley and Clifton (290) compared
an energy restricted LCHF (6686 + 734 kJ+d1, 8 + 3% [30.2+12.3 g+d-!] CHO, 34+2% PRO, 57+4%
fat [20+ 2% saturated fat]) vs an iso-caloric HCLF diet (6474 + 793 kJed'l- 44 £11% [162.6 + 44.3
ged1] CHO, 24 + 3% PRO, 30 + 9% fat [7+4% saturated fat]) (6686 + 734 kJ-d, 8 + 3% [30.2+12.3
gedl] CHO, 34+2% PRO, 57+4% fat [20+ 2% saturated fat]) vs an iso-caloric HCLF diet (6474 +
793 kJ+d1, 44 +11% [162.6 + 44.3 g-d1] CHO, 24 + 3% PRO, 30 + 9% fat [7+4% saturated fat]) and
after 12 months did not find any differences between groups nor significant loses in BMC nor bone
mineral density (BMD). However, their participants did not perform high-intensity training and the
authors highlighted that they did not assess clinically relevant sites; nor did we in the present study

as this was not within scope.

The muscle-sparing effect of RT resulted in a significantly greater RMR in the LCHF+COMBO and
LCHF+RT groups relative to the LCHF+HIIT group, with the most improved being the
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LCHF+COMBO as previously stated. Indeed, after 12 weeks comparing RT vs aerobic training
under the same very low-calorie diet (VLCD), Bryner, Ullrich, Sauers, Donley, Hornsby, Kolar and
Yeater (291) noted similar results in that the AER+D group who lost more weight and had a lower
RMR, whereas those in the RT+D group did not lose LBM and increased their RMR. In a recent
study comparing aerobic training, RT, combined and a control group, Villareal, Aguirre, Gurney,
Waters, Sinacore, Colombo, Armamento-Villareal and Qualls (193) reported that after six months
those assigned to the RT and combined, decreased less than 2% and 3% of LBM respectively vs
5% losses in the aerobic training group. These two examples provide more evidence to suggest a
LBM preservation effect of RT that supports the notion that RMR is highly dependent on LBM (292).
It is important to notice that the greater body mass reduction in the LCHF+HIIT group in the present
study may have been a consequence of the significant reduction in LBM which is not desirable.
Backx, Tieland, Borgonjen-van den Berg, Claessen, van Loon and de Groot (293) compared a very
well-controlled 25% reduced (in relation to habitual energy intake) weight loss normal PRO (NP) (~
0.92 gekg) and high PRO (HP) (~1.7 gekg) diet only, in a population of older adults (~ 65 y), and
found that an energy intake ~1894 kcal per day HP or NP diet their participants lost similar amounts
of the LBM (1.8+2.2 and 2.1+1.4 kg) after 12 weeks. Despite the difference in age and the nature of
their study, PRO and energy intakes were similar to our study, suggesting that the PRO intake of
our cohort (~ 1.4 gekg™?) was insufficient to promote LBM retention, in line with the findings of a

recent review (217).

Regarding body fat that accumulates in the abdominal area, it is characterised by higher blood
pressure, lipid profile, hsCRP, LDL-C, and HOMA-IR and lower HDL-C levels (294, 295). After 12
weeks in the present intervention we observed improvements across all of these markers which
might be an indication that the statistically significant improvements in VAT we also found. The
reduction in VAT may have been originated by the high-intensity exerted (296), in addition to the
contribution of the LCHF diet most likely due to carbohydrate restriction (198, 297) together with the
obligated significantly lower energy intake, which took place between baseline and post-exercise
(see Table S3). Recent evidence by Dupuit, Rance, Morel, Bouillon, Pereira, Bonnet, Maillard,
Duclos and Boisseau (298) shows that HIIT and HIIT + RT can reduce visceral fat after 12 weeks of
training in postmenopausal women using a HIIT protocol consisting of repeated cycles of
sprinting/speeding for 8 s followed by slow pedalling (20—30 RPM) for 12 s until completing 20 min
with a maximum of 60 sprints at 80-90% of peak HR and the RT program included two different
training circuits with 10 exercises/each. In that study energy intake remained constant and RT did
not provide an additional effect to VAT loss when added to HIIT; the authors concluded that HIIT
produced this effect (298). That study may explain the similar findings we observed for LCHF+HIIT
and LCHF+COMBO VAT loss in the present study. To explain the LCHF+RT group effect on VAT,
that was also significantly reduced and similar to both LCHF+HIIT and LCHF+COMBO. Vargas,
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Romance, Petro, Bonilla, Galancho, Espinar, Kreider and Benitez-Porres (299) compared the
effects of RT + a normal diet vs RT + low CHO ketogenic diet (LCKD) vs a control group, observed
that only RT+LCKD reduced VAT (299). Supporting those findings, a study by Miyashita, Koide,
Ohtsuka, Ozaki, Itoh, Oyama, Uetake, Ariga and Shirai (198) comparing the effects of a LCHF (40%
CHO, 25% PRO, 35% fat) vs high-carbohydrate low fat diet (65% CHO, 25% PRO, 10% fat) both
providing 4184 kJ (1000 kcal) to reduce VAT observed that only the LCHF diet reduced VAT
significantly. In agreement with those findings, Sasakabe, Haimoto, Umegaki and Wakai (297)
investigating the associations of the reduction in carbohydrate intake and VAT, using a moderate
LCHF (30-45% of total energy coming from CHO) among non-obese patients with T2DM who did
not receive anti-diabetic drugs. After 3 months, they found that the reductions in VAT were
significantly correlated with the reduction in CHO intake, independently of the energy intake. These
findings (198, 297, 299) could explain why, in our study, the LCHF+RT was able to reduce VAT. In
the present study, habitual physical activity measured by the IPAQ-LF, did not change over the 12-
week intervention, indicating that changes in outcome measures were independent of habitual
physical activity change. This is important to acknowledge as changes in habitual physical activity

can influence energy expenditure and hence weight loss (300).

The siMS score is an accepted measure (301) to quantify the metabolic status of individuals at risk
of metabolic disease by establishing the severity of its components (central obesity,
hyperglycaemia, dyslipidaemia, insulin resistance, etc.). The siMS is a practical and simple method
(273), that unlike the Metabolic Syndrome Z scores, the siMS score, is a continuous score based on
each individual, not the sample. Hence, the siMS score offers the advantage for comparison within
and between individuals across different studies. Additionally, it has a near perfect correlation that
allows it to be compared to other metabolic scores (273). The siMS score improved significantly for
all groups after 12 weeks as a result of the changes previously described; confirming that any of
these modalities are effective in reducing the risk factors associated with metabolic syndrome. in
the present study it is also important to highlight that energy intake was reduced as a result of CHO

restriction, while PRO and fat were significantly increased.

The programme achieved over 90% attendance of exercise sessions; no difference between groups
was observed. Attrition in our study was unrelated to the study intervention. It is important to
mention that those participants that withdrew expressed they would have continued until the end of
the intervention if their circumstances were different. In general, attrition rates for nutrition and
exercise interventions are between 25-50% (160) due to time constraints, personal and work
related issues; our study is slightly lower with an overall attrition of 15% probably due to the

presence of support that was provided for the participants.
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Exercise was successfully matched for time and effort; the latter was achieved and corroborated by
obtaining the session RPE over the last 6 sessions of each exercise modality (MRPE for HIIT= 17.2
vs 17.5 for RT). The literature provides evidence of the utility and acceptability for prescribing and
quantifying exercise intensity/effort using the 6-20 Borg scale (269, 302). On the other hand, it was
interesting that despite perceived effort being similar between exercise modalities, the heart rate
observed was higher for HIIT (equivalent to 90% HRmax as per prescription). This was possibly a
consequence of the speed of movement during muscular contraction in RT not being fast enough to
elicit the requisite cardiovascular response. Indeed Kaikkonen, Yrjama, Siljander, Byman and

Laukkanen (244) used the speed of movement to adjust target heart rate for RT in their programme.

Strengths and disadvantages

The strengths or advantages of our study are: the robustness of the comprehensive assessments at
all time points; all exercise sessions were supervised and continuously monitored throughout each
session, also allowing for monitoring of the diet. The utilisation of DXA allowed us to quantify VAT
which plays a crucial role to quantify metabolic health. The several limitations that can be observed
in our study, included that the self-reported food diaries used common household measures to
guantify food intake, therefore inaccuracies cannot be ruled out. However, participants were trained
and given precise instructions as to how to measure and quantify food intake to minimise this
limitation, and this is common in real world dietary interventions. We did not quantify adherence
apart from monitoring dietary compliance verbally and by using commercially available mobile apps.
However, as mentioned above, regular discussions about diet throughout the exercise sessions
allowed for adherence to be monitored, albeit informally. The lack of a diet only precluded
identifying the extent of the contribution of the LCHF to exercise modalities in improving metabolic
health. Regarding the no control group, ethically it is difficult to justify instructing a cohort identifying

as inactive and perceived overweight to continue with habitual inactivity.

Conclusions

In conclusion, combining a LCHF diet with iso-time, iso-effort HIIT, RT or COMBO all improve
aerobic capacity, strength, metabolic biomarkers and reduced VAT in 12 weeks. HIIT might elicit a
greater improvement in HbAlc; while RT confers the body a muscle-sparing effect and greater
upper body strength, whereas combining HIIT and RT may contribute to improve RMR. These
findings may be clinically significant as they indicate that these strategies are effective, eliciting a
sufficiently high effort to improving metabolic health and only requiring a short exercise time

commitment.
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Supplementary material

Table 3-S1 Control period results

FITNESS

VO, peak (ml/kg/min)
BENCH PRESS (kg)
LEG PRESS (kg)
RMR (kJ/day)

PHYSICAL ACT (MET/min/day)

BODY COMPOSITION

BODY MASS (kg)
FAT MASS (kg)
VAT (g)

LBM (kg)

BMC (g)
WAIST (cm)
WAIST TO HIP RATIO

BIOMARKERS

C-PEPTIDE (nmol/L)
INSULIN (pmol/L)
HbAlc (mmol/mol)

GLUCOSE (mmol/L)

CHOL (mmol/L)

HDL-C (mmol/L)

LDL-C (mmol/L)
TG (mmol/L)
TG-HDL ratio
hsCRP (mg/L)

URIC ACID (mg/dL)

METABOLIC HEALTH

siMS score
INSULIN RESISTANCE

HOMA2 IR

BLOOD PRESSURE

SYSTOLIC BP (mm Hg)
DIASTOLIC BP (mm Hg)

DIET COMPOSITION

ENERGY INTAKE (kJ)
CARBOHYDRATE %El|

CARBOHYDRATE INTAKE (g)

PROTEIN %EI
PROTEIN INTAKE (g)
FAT %EI
FAT intake g

WELLBEING

TOTAL MOOD DISTURBANCE

6-WEEK CONTROL PERIOD

PRE

mean/median SD/IQR  CV

26.58+6.35

36 (29.5, 61.5)
287+100

6339+1185
376483

91.2+15.4
34.5+11.4
1474+843
53.6+10
2990+462
105.2+10.1
0.93+0.07

0.84 (0.31, 0.78)
62.73 (36.27, 82.74)
36.81+3.42
6 (5.65, 6.3)
5.73+1.03
1.39 (1.2,1.93)
3.99+1.05)

1.06 (0.83, 1.59)
0.33(0.21, 0.47)
2.53+1.9
0.38+0.09

2.65+0.93

1.39 (0.84, 1.89)

121+13
75.57

8523 (7864, 10444)
54.3+2.2
292.9+49.4
15.9+2.1
86.2+20.9
29.4+2.9
70£10.7

18 (16, 19)

0.24
0.53
0.35
0.19
0.22

0.17
0.33
0.57
0.19
0.15
0.10
0.07

0.36
0.60
0.09
0.08
0.18
0.44
0.26
0.63
0.95
0.75
0.24

0.34

0.61

0.11
0.10

0.16
0.04
0.17
0.13
0.24
0.10
0.15

0.15

POST
mean/median SD/IQR

26.62+6.54

38 (32.5, 62.5)
286+90

6487+1315
37981

91.5+15.2
35.2+11.7
1439778
53.3+9.8
3075+450
105+9.8
0.94+0.07

0.80 (0.65, 1.10)
76.23 (41.34, 95.28)
36.86:3.33
6 (5.8, 6.45)
5.53+1.19
1.32 (1.18, 1.72)
3.93+1.28
1.33 (0.89, 1.49)
0.40 (0.32, 0.47)
3.07+1.68
0.38+0.10

2.74+0.79

1.70 (0.95, 2.1)

117+16
75+8

8630 (7814, 10341)
54+2.7
293+44.1
16£1.9
86.3+17.7
29.3+2.4
70.1+10.9

16 (15, 18)

Ccv

0.25
0.50
0.31
0.20
0.21

0.17
0.33
0.54
0.18
0.15
0.09
0.07

0.37
0.55
0.09
0.11
0.21
0.35
0.32
0.55
0.81
0.54
0.26

0.28

0.57

0.14
0.11

0.15
0.05
0.15
0.12
0.21
0.08
0.16

0.19

t/z

-0.19 0.855
2.77  0.004
0.13  0.897
-0.68 0.509
-1.38 0.188
-0.71  0.489
-1.81 0.093
1.01 0.330
1.04 0.315
-1.22  0.242
0.22 0.829
-0.52  0.609
1.62 0.121
2.27 0.022
-0.18 0.857
1.95 0.058
1.00 0.334
2.22 0.026
0.37 0.717
0.28 0.804
0.11 0.934
-2.12  0.052
0.45 0.662
-1.09 0.296
2.27 0.022
1.74 0.104
0.70  0.497
0.11 0.934
0.65 0.526
-0.18 0.861
-0.19 0.856
-0.06  0.950
0.19 0.850
-0.08 0.938
1.45 0.168

ES and 95% CI

g lower upper
0.01 -0.63 0.72
0.11 -0.53 0.83
-0.01 -0.65 0.70
0.11 -0.53 0.84
0.04 -0.60 0.75
0.02 -0.62 0.73
0.05 -0.59 0.77
0.46 -0.04 -0.68
-0.04 -0.67 0.68
0.18 -0.46 0.91
-0.01 -0.65 0.70
0.04 -0.60 0.76
0.17 -0.47 0.89
0.20 -0.45 0.92
0.01 -0.62 0.73
0.28 -0.36 1.01
-0.17 -0.80 0.53
-0.22 -0.84 0.49
-0.04 -0.68 0.67
-0.06 -0.69 0.66
-0.02 -0.66 0.69
0.30 -0.35 1.02
-0.03 -0.67 0.68
0.10 -0.54 0.82
0.20 -0.44 0.93
-0.26 -0.88 0.45
-0.07 -0.71 0.64
0.01 -0.62 0.73
-0.11 -0.75 0.60
0.01 -0.63 0.73
0.02 -0.61 0.74
0.00 -0.71 0.72
-0.04 -0.68 0.67
0.01 -0.62 0.73
-0.314 -1.015 0.39

Differences assessed by t student or Wilcoxon signed rank test, (italic) , CV= coeficient of variation , Hedges g effect size, and

95% ClI= confidence intervals CHOL= total cholesterol TG= triglyceride hsCRP= high sensitive C reactive protein
¢ Simple Metabolic Syndrome score ¢ Homeostasis Model A

116

ment 2 Insulin R

1ce %EI|= total energy intake



Table 3-S2 Main dietary Carbohydrate sources food frequency control period

CONTROL
Main Dietary Carbohydrate Sources
FOOD
-BREAD-

(bread slices, bread rolls, breakfast cereal.)

-PASTA-

-TUBERS-
(potato, taro, kumara, parsnip, etc.)

-LEGUMES-

(alfalfa, beans, lentils, chickpeas, peas, peanuts,

etc.)

—-GRAINS-

(rice, corn, cous cous, etc. )

-TAKEAWAYS-
(McDonalds, Domino's, KFC, etc.)

-SNACKS-

(biscuits, chips, rice crackers, etc.)

-BEVERAGES-

(fruit juices, soft drinks, sport drinks, energy
drinks, etc.)

-SWEETS-

(lollies, chocolate, confectionary, etc.)

-BAKERY-

(baked goods, home or factory made.)

—-FULL FAT DAIRY-

(milk, butter, cheese, yoghurt, etc.)

-LOW FAT DAIRY-
(milk, cheese, yogurt, etc.)

-FRUITS-

(apple, banana, kiwi, etc.)

-VEGETABLES-

(brocolli, cauliflower, spinach, tomato, etc.)

PRE

10-10+

6-10+

3-10+

6-10+

3-10+

8-10+

10+

9-10+

5-10+

8-10+

9-10+

6-10+

POST

9-10+

5-10+

4-10+

9-10+

6—-10+

10-10+

Results are ranges in absolute numbers from 1 time to more than ten (10+) for a seven-day period.
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Table 3-S3 Diet composition results within group differences (12-week intervention)

WITHIN GROUP'S DIFFERENCE
DIET COMPOSITION
PRE POST ES and 95% CI

mean/median SDIIQR mean/median SDIIQR  tlz p g lower upper
HIIT 8703+1517 66734666 8.33<0.001 -1.70 -2.26 -1.13
ENERGY INTAKE (kJ) |RT 8017 (7661, 10333) 6565 (6064, 7341)  3.18<0.001 -1.60 -2.29 -0.91
COMBO 878741704 6611651 6.74<0.001 -1.64 -1.63 -1.64
HIIT 49.1(46.4, 50.4) 26(21.1,28.6)  3.82<0.001 -4.57 -499 -4.16
CARBOHYDRATE %€l |RT 49.6142.97 26.7+3.41 1858<0.001 -6.94 -7.22 -6.67
COMBO 495:2.3 25.445.1 16.22<0.001 -5.97 -5.81 -6.12
HIT 275457 97.7+12.6 12.99<0.001 -4.23 -4.66 -3.79
CARBO“YD(Z‘)‘TE'NTAKE RT 200+46.68 105.6+10.36  1472<0.001 -5.29 -5.74 -4.84
COMBO 287.4+57.7 99.6+17.9 10.70<0.001 -4.27 -4.17 -436
HIT 16£1.17 30.1+2.4 2416<0.001 6.61 575 7.47
PROTEIN %El  |RT 15.7+2.64 20534230  -19.76<0.001 543 443 6.42
COMBO 16115 30.4+2.4 20.44<0.001 7.04 6.74 7.34
HIIT 75.4(713,925)  116.3(107.6,1344) 382<0.001 196 125 2.67
PROTEIN INTAKE (g) |RT 78 (64, 102.8) 116.7 (102.8,137.8) 3.17 0.001 1.28 05 211
COMBO 84.5¢17.3 120¢143  -1859<0.001 218 205 231
HIIT 28.9(27.8, 30.9) 43.4(408,457)  378<0.001 349 273 4.25
FAT %E| RT 29.3+1.75 4344297  -1424<0001 560 460 6.60
COMBO 28.71.7 43+45 1217 0001 421 401 441
HIT 66.3 (58.5, 75.5) 77.7(683,86.6)  2.94<0.001 0.65 -0.01 1.31
FATintake(g)  |RT 63 (60, 76.8) 76.4(67.8,846) 255 0008 067 -0.13 147
COMBO 66.8£12.9 76.3+13.4 402 0001 070 063 0.78

Means * SD or Medlian (IQR). Within group differences assessed by t student test or (italic) Wilcoxon signed rank test. Effect sizes are Hedges' (g)
and associated 95% confidence intervals.
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Table 3-S4 Main dietary carbohydrate sources food frequency questionnaire (12-week
intervention)

Main Dietary Carbohydrate Sources

Food Baseline Post intervention
ocassions over a 7-day period (ranges)

-Bread- all participants ~ 10-10+ 1-3
(bread slices, bread rolls, breakfast cereal.) HIT 10+ 1-3
RT 10+ 1-3
COMBO 10-10+ 1-3
-Pasta- all participants 1-8 0-2
HUT 1-8 0-2
RT 3-8 0-1
COMBO 2-6 0-1
-Tubers-
(potato, taro, kumara, parsnip, etc.) all participants 6-10+ 0-2
HUT 6-10+ 0-2
RT 8-10+ 0-1
COMBO 6-10+ 0-1
-Legumes-
(alfalfa, beans, lentils, Z:Lic)kpeas, peas, peanuts, all participants 3-10+ 0-2
' HIT 3-10+ 0-2
RT 3-10+ 0-2
COMBO 3-10+ 0-1
-Grains-
(rice, corn, cous cous, etc. ) all participants 6-10+ 0-3
HIT 6-10+ 0-3
RT 6-10+ 0-2
COMBO 6-10+ 1-3
-Takeaways-
(McDonalds, Domino's, KFC, etc.) all participants 3-10+ 0-1
HUT 3-10+ 0-1
RT 5-10+ 0-1
COMBO 3-10+ 0-1
-Snacks-
(biscuits, chips, rice crackers, etc.) all participants 8-10+ 0-6
HIT 9-10+ 0-5
RT 8-10+ 0-6
COMBO 10+ 1-5
-Beverages-
(fruit juices, soft;lrﬁnks, sport drinks, energy all participants 10+ 0-2
rinks, etc.)
HUT 10+ 0-4
RT 8-10+ 0-3
COMBO 8-10+ 0-3

HIIT high-intensity interval training, RT resistance training, COMBO combination training
Results are ranges in absolute numbers from 1 time to more than ten (10+) for a seven-day period.

119



Main Dietary Carbohydrate Sources

-Sweets-

(lollies, chocolate, confectionary, etc.)

-Bakery-
(baked goods, home or factory made.)

-Full fat dairy-
(milk, butter, cheese, yoghurt, etc.)

-Low fat dairy-

(milk, cheese, yogurt, etc.)

—Fruits—

(apple, banana, kiwi, etc.)

-Vegetables-

(brocolli, cauliflower, spinach, tomato, etc.)

all participants

HUT 9-10+

RT 9-10+
COMBO 9-10+
all participants

HIT 5-10+

RT 9-10+
COMBO 6-10+
all participants

HIT 1-10+
RT 4-9
COMBO 4-10+
all participants

HIT 10-10+

RT 8-10+
COMBO 10+
all participants

HUT 8-10+

RT 8-10+
COMBO 9-10
all participants

HIT 6-10+

RT 7-10
COMBO 7-10

9-10+

6-10+

9-10+ 0-4

0-3
0-3

5-10+ 0-6
0-5
0-6

1-10  7-10+
7-10+
7-10+

7-10+

8-10+ 0-3
0-3

0-2

7-10+
7-10+
7-10+
9-10

10-10+
10-10+
10-10+
10-10+

HIIT high-intensity interval training, RT resistance training, COMBO combination training
Results are ranges in absolute numbers from 1 time to more than ten (10+) for a seven-day period.
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Table 3-S5 Within group differences fitness variables (12-week intervention)

WITHIN GROUP'S DIFFERENCE
PRE POST ES and 95% Cl
FITNESS mean/median SD/IQR mean/median SDIIQR tlz p g lowerupper
HIT 23.54(22.07,31.37) 27.72 (26.45,33.03)  3.74 <0.001 0.57 -0.09 1.23
VO,peak (ml'kg'1'min'1) RT 27.6315.28 30.5815.52 -460 0.001 053 -0.27 1.32
COMBO 28.03+4.57 32.5545.67 -7.15<0.001 0.85 0.77 0.93
HIT 35(30, 45) 36 (35, 51) 344 <0001 0.33 -0.31 0.98
BENCH PRESS (kg) |RT 49.42427.14 59431 -558 0.001 034 -044 1.13
COMBO 49120 55119 -5.30 <0.001 0.27 0.20 0.33
HIT 21572 286187 -12.52<0.001 0.86 0.19 153
LEG PRESS (kg) RT 2761105 353188 -7.36 <0.001 0.77 -0.04 1.57
COMBO 2971101 377115 -6.87 <0.001 0.72 0.64 0.80
ENERGY EXPENDITURE
RESTING METABOLIC |HIT 6360 (5630, 7226) 6084 (5414,6968) 153 0.134 -0.22 -0.84 0.41
RATE -(kJ.day'1) RT 67651991 708312026 -1.19 0258 0.15 -0.62 0.93
COMBO 701142277 747211686 -1.70 <0.001 0.22 0.16 0.28
PHYSICAL ACTIVITY  |HiT 392474 394177 -0.91 0374 0.02 -0.61 0.66
(MET~min'1°day'1) RT 36869 372465 -1.75 0.106 0.06 -0.71 0.83
COMBO 397474 402473 -3.59 <0.001 0.07 0.01 0.13

Means * SD or Median (IQR). Within group differences assessed by t student test or (italic) Wilcoxon signed rank test. Effect sizes are Hedges' (g)
and associated 95% confidence intervals
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Table 3-S6 Blood biomarkers within group differences (12-week intervention)

WITHIN GROUP'S DIFFERENCE

PRE POST ES and 95%Cl

mean/median SD/IQR mean/median SDIIQR  tlz p g lower upper

BIOMARKERS
HIT 0.80£0.33 0.6520.24 343 0.003 -051 -112 011
C-PEPTIDE (nmol-L”") RT 0.81(0.58, 0.99) 0.63 (0.51, 0.80) 255 0.008 -046 -1.21 0.28
ComMBO 0.93(0.32,0.86) 0.81(0.23,0.70) 173 0.045 -043 -046 -0.39
HIT 81.1(55.4, 100) 49.5(42.1,74.) 318 0001 -0.75 -136 -0.15
INSULIN (pmoI-L'1) RT 48.8(39.9, 90.6) 39.3(31.3,48.9) 3.11<0.001 -044 -119 030
ComBO 69.2 (46.8,100)  44.64 (33.24,73.66) 2.10 <0.001 -052 -056 -0.49
HIT 345(31.1,364) 312(285,3445) 217 0029 -0.74 -135 -0.14
HbA1c (mmol-mol™) RT 36.9+2.6 35.9£2.3 219 0.049 -037 -113 0.38
COMBO 35.6£2.5 35.19£2.35 116 0265 -015 -0.20 -0.10
HIT 5.28+0.58 5.19+0.57 110 0287 -015 -0.78 048
GLUCOSE(mmoI-L’1) RT 6 (5.5, 6.65) 5.6 (5.5,6.5) 181 0077 -024 -100 051
COMBO 5.910.7 5.64£0.68 206 0.060 -0.32 -037 -0.28
HIT 5(4.5,5.5) 5(4.5,5) 085 0492 -014 -0.77 049
TOTAL CHOLESTEROL (mmol-L")|RT 5(4,6) 5(4,6) 073 0375 -013 -0.89 064
ComBO 5(4.25, 6) 5(4.3,6) 044 0845 006 0.00 011
HIT 1.51£0.51 1.62+0.54 -205 0055 022 -042 087
HDL-C(mmoI-L'1) RT 1.490.47 1.6210.44 -161 0134 026 -052 1.05
COMBO 1.44+0.35 1.50£0.39 -091 0378 016 010 0.21
HIT 3.4 (3.09, 3.67) 3.17(2.95, 3.67) 143 0169 -025 -088 0.38
LDL-C (momoI-L'1) RT 3.77+1 3.48+1.14 192 0079 -026 -1.02 0.49
COMBO 3.57+0.95 3.4610.97 091 0377 -011 -0.16 -0.06
HIT 1.11(0.78,1.43) 0.75(0.68, 1.13) 294 0002 -051 -112 0.11
TRIGLYCERIDES (mmol-L™) |RT 1.14(0.99, 1.35) 0.86 (0.65, 0.93) 297 0001 -076 -1.50 -0.03
COMBO 1.16 (0.89, 1.34) 0.99 (0.80, 1.26) 115 0138 -016 -021 -0.12
HIT 0.29 (0.18, 0.59) 0.24(0.14,0.41) 282 0003 -044 -106 0.18
TG-HDL ratio RT 0.33(0.27,0.49) 0.21(0.17,0.31) 297 0001 -060 -1.34 0.4
ComBO 0.35(0.26, 043) 0.29 (0.16, 0.40) 097 0934 -008 -0.13 -0.03
HIT 2.2(0.85,3.2) 15(05,2.3) 202 0044 -009 -0.72 054
hsCRP (mgeL") RT 2.9(1.6,6) 24(1,3.2) 318 <0.001 -051 -125 0.4
ComMBO 2.35(1.1,3.5) 1.2(0.73, 2.65) 3.30 <0.001 -058 -0.62 -0.55
HIT 0.32£0.09 0.31£0.07 152 0.147 -013 -0.76 0.0
URIC ACID (mg-dL™) RT 0.3910.14 0.35£0.12 295 0012 -031 -106 044
ComBO 0.3410.08 0.30£0.07 3.35<0.001 -0.44 -048 -0.40

Means * SD or Median (IQR). Within group differences assessed by t student test or (italic) Wilcoxon signed rank test. Effect sizes are
Hedges' (g9) and associated 95% confidence intervals.
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Table 3-S7 Within group differences body composition (12-week intervention)

WITHIN GROUP'S DIFFERENCE
PRE POST _ ES and95%Cl
BODY COMPOSITION mean/median SD/IQR mean/median SDIIQR  t|z p g lower upper
HIT 88.2+16.3 82.6x15 11.11<0.001 -0.35-0.97 0.27
BODY MASS (kg) RT 89.93+21.87 85.63+21 467 0.001 -0.19-0.95 0.57
ComMBO 91.6£20.4 87.7+18 4,00<0.001 -0.20 -0.24 -0.15
HIT 32(285,36.7)  26.94(23.29,31.65) 3.82<0.001 -0.54-1.15 0.08
FAT MASS (kg) RT 29.82 (28, 37.03) 26.81(21.66,32.16) 3.18 <0.001 -0.33 -1.08 0.42
ComBO 34.5+12.4 30.749.6 3.61<0.001 -0.33 -0.37 -0.29
HIT 13894769 10104590 6.07<0.001 -0.54 -1.15 0.07
VAT (g) RT 1302+908 996+754 3.56 0.004 -0.36-1.11 0.40
CoMBO 1135688 856+470 3.27<0.001 -0.46 -0.50 -0.42
HIT 51.7¢11.0 50.9+10.6 3.19 0.005 -0.07 -0.71 0.56
LBM (kg) RT 53.36114.5 53.42+14.95 -0.19 0.853 0.00 -0.77 0.77
COMBO 54+11.7 53.9+11.7 0.25 0.810 -0.01 -0.06 0.04
HIT 3115(2427, 3436)  3118(2382,3374) 231 0.020 -0.04 -0.68 0.59
BMC (g) RT 29344752 29014749 5.50<0.001 -0.04 -0.81 0.72
COMBO 30514583 3036+3037 2.09 0.057 -0.02 -0.08 0.03
HIT 105 (97.8, 106) 95 (93, 97.5) 3.82 <0.001 -0.75 -1.35 -0.14
WAIST (cm) RT 102.7 (96, 111) 97.6(89.5,100.2) 318 <0.001 -043-1.18 0.31
COMBO 105.7+12.4 100+11 4.24<0.001 -0.47 -0.51 -0.43
HIT 0.950.05 0.92+0.06 5.33<0.001 -0.62 -1.23 0.00
WAIST TO HIP RATIO [RT 0.92+0.10 0.88+0.11 5.71<0.001 -0.39 -1.14 0.36
COMBO 0.94+0.06 0.910.08 3.39<0.001 -0.47 -051 -0.44

Means £ SD or Median (IQR). Within group differences assessed by t student test or (italic) Wilcoxon signed rank test. Effect sizes are Hedges' (g) and
associated 95% confidence intervals
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Table 3-S8 Within group differences, metabolic health and blood pressure (12-week

intervention)

METABOLIC HEALTH

siMS SCORE'

INSULIN RESISTANCE

HOMA2- IR*

BLOOD PRESSURE

SYSTOLIC BP (mm Hg)

DIASTOLIC BP (mm Hg)

WITHIN GROUPS' DIFFERENCE

PRE

POST

mean/median SD/IQR  mean/median SDI/QR

HIIT 2.52+0.85
RT 2.75:0.77
COMBO 2.620.61
HIT  L71(L16,219)
RT 1,08 (0.89, 1.99)

comBo 152(1.09,2.04)

HIT 126+16
RT 118.77+13.48
COMBO 119+12
HIT 8010
RT 76.626.95
COMBO 7615

2.06£0.80
2.23:0.59
2.36£0.72

1.05 (0.91, 1.58)
0.88 (0.69, 1.13)
099 (0.72, 1.69)

11711
113.28+11.50
114+9

7610
74.69£5.77
755

tlz p

4.82 <0.001
434 0.001
2.87 <0.001

3.14 0.001
3.11 <0.001
2.10 <0.001

4.65 <0.001
2.59 0.024
2.50 <0.001

2.31 0.033
1.58 0.140
0.41 <0.001

9

-0.55
-0.74
-0.38

-0.75
-0.44
-0.53

-0.65
-0.42
-0.50

-0.48
-0.29
0.11

-1.16
-1.47
-0.42

-1.36
-1.19
-0.57

-1.26
-1.17
-0.53

-1.09
-1.05
-0.16

ES and 95%Cl
lower upper

0.07

-0.01
-0.35

-0.15

0.31

-0.50

-0.04

0.32

-0.46

0.14
0.46

-0.06

Means £ SD or Median (IQR) . Within group differences assessed by t student test or (italic) Wilcoxon signed rank test . Effect sizes are Hedges' (g) and associated 95%

0'Simple Metabolic Syndrome score * Homeostasis model assessment 2 insulin resistance.

confidence intervals.

124



Table 3-S9 Within group differences, POMS (12-week intervention)

WITHIN GROUP'S DIFFERENCE
PROFILE OF MOOD STATES

PRE POST
median IQR median IQR  z p
HIT 15(13.5,15) 4(1,45)  3.82<0.001
16 (14,18) 5(4,6)  3.18 0.001

TOTAL MOOD DISTURBANCE|RT
COMBO 16(14,17) 5(3,6)  3.30<0.001

ES and 95%Cl

g lower upper

-3.21 -3.70 -2.72
-4.95 -5.43 -4.48
-3.72 -3.65 -3.80

Mediian (IQR). Within group differences assessed by Wilcoxon signed rank test. Effect sizes are Hedges' (g) and

associated 95% confidence intervals.
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Sample size determination

Based on data from Stensvold et al. (303) using C-Peptide as the primary outcome (as it is
a robust indicator of MetS), a total sample size of 32 (11 per arm group) was determined
using G-Power Software (Version 3.1.9.2 Franz Faul, Universitat Kiel, Germany), (a = 0.05,
1-b = 0.80): C-Peptide 16.9% decrease in representing 0.22 nmol-L1, allowing for the
correlation between repeated measures of 0.8 and a 20% dropout rate between baseline
and follow-up. However, to account for more conservative estimates of dropout rate, and a
possible smaller effect size in other key outcome measures, we targeted at least 15

participants per group in each of the three interventions.

Dietary accompaniment

Participants received the Go to Guide for a low carbohydrate healthy fat diet (LCHF) (see
Appendix H)

This guide was created for another study (42), it contains complete and succinct information
that was available for them to have as a reference and for trouble shooting. This guide
included a description of what is the LCHF diet, what to expect and how to overcome
common situations and problems when switching from a CHO based diet to a LCHF
protocol. A complete list of the most common foods available in New Zealand, and the
carbohydrate content next to each food in brackets; this list is ordered according to the
major nutrient that is contained in the food (i.e. PRO, FAT and CHO), with a green label for
those foods that are encouraged and with a red label for those not recommended.

Suggestions for breakfast, lunch and dinner are also contained in this guide.

Throughout the study participants were encouraged to continue having their meals
according to their prescription, while recording their dietary intake using their mobile app,
which was reviewed every other week during the exercise sessions. The objective was to
detect if participants were adhering to their dietary prescription. These occasions were also

used to remind them of the importance of being “in control” of their own success.

Food acquisition (shopping list)

Participants were asked to prepare a shopping list according to the CHO content of the
food. All participants received a booklet with a detailed food list classified according to

nutrient content, indicating which choices contained more CHO, PRO or FAT.
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Exercise accompaniment

e All through the intervention, exercise sessions were managed by the principal researcher,
making sure all participants were safe and performing their exercise regimes as planned.
Participants were monitored and provided with any assistance should they need it. Heart
rate monitors, training session’s paper slips to record heart rates, intensity level, the weight
being lifted, RPE, RIR scores were obtained during the exercise performance.

Diet and Exercise facilitators and barriers

Post-12 weeks

e Adherence to a nutritional and exercise intervention is defined as the compliance with the
nutritional or behavioural treatment that has been recommended. It has been found to be
directly implicated with the success of intervention (304) preferences which play a
fundamental role (likes and dislikes) (305). Logan et al. (306) created these questions
based on Motl et al. (307). In addition to these questions, in part 2 participants were to
indicate what they believed they liked and disliked the most given in questions 1 and 2. In
part 3, participants were to rate the likelihood that they engage in the present nutrition and
exercise programme during the following 6 months. They Used a Likert scale ranging from
1 (not likely at all) to 5 (most likely) adapted from Little et al. (167).

e To analyse the responses, they were all coded individually to identify major themes that
were created according to the frequency and similitudes of the opinions, until no more
themes could be generated (308, 309). For a theme to be generated it was required that at
least two participants shared a similar response. The themes obtained were used to identify
facilitators and barriers presented, and focused on intrapersonal (knowledge, attitudes,
behaviour, self concept, skill, etc.) and interpersonal (social support, family, friends, etc.)
issues using a social ecological approach (309, 310). Itis a model that helps to understand
behaviour and considers that it is influenced as a result of the interplay between different
factors (intrapersonal, interpersonal, organisational, community and public policy) (309,
310).

Diet and exercise facilitators and barriers

e Participants completed a three-part questionnaire after the end of the intervention on the
last day of training. If participants considered, the response was incomplete or had the
impression that they could add or improve their responses, they were able to make

amendments until the moment when all other assessments were finished. Responses (Part
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1) are not presented by group unless the answer gave a direct inference to their specific
exercise programme, because there were no differences in dietary intake (p>0.050) nor in
attendance to training over 90% with no difference between groups. Likewise, both the
nutrition and the exercise segments of the intervention are together, specifying clearly if the
theme was nutritional or exercise related. All themes were either identified as facilitators or
barriers of diet and exercise uptake. Themes were classified as intrapersonal when the
theme referred to a behaviour, attitude, etc. without social influence and interpersonal when
the theme was determined by social intervention. Table 3-S10 (Part 2) presents the main
facilitators and barriers that were most likely to influence the adherence to the present
intervention. Table 3-S11 present all the themes that were recognised and the question(s)
from which they originated This table also presents those themes originated from the 6-
month follow-up. Part 1 questions and sample answers are presented in Table 3-S12. Part
3 was asking the participants the likelihood in engaging in the present intervention over a 6
month period using a 1 to 5 Likert scale, there was no difference between groups being
HIIT=4.63+0.49; RT=4.63+0.51; COMBO= 4.64+0.50. globally 4.63+0.49.

—What did you like about the LCHF/exercise program?

The first question provided information of those aspects that clearly were facilitators during this
intervention and most likely key in promoting participants adherence to LCHF. Within the main
themes, diet practicality was identified; participants pointed out (76%) that CHO restriction, the main
characteristic of this dietary approach, was one of the main facilitators identified (See Table 3-S10).
They alluded that because it was the only compulsory requisite, there was nothing else to worry
about (76%), easy to manage once they got used to it (61%), no need to count CHO once they
mastered portion sizes (54%). Another of the main themes was diet resources; participants reported
that having the aid of the mobile app (56%) was a plus because it was easy to use (56%) and
allowed them to be within the limit of carbohydrate intake throughout the study. Another facilitator
was the website developed for the programme; it allowed participants to obtain information at any
time because it was conveniently available 24/7 (45%). Another diet facilitator within the theme of
diet practicality was that LCHF encourages to eat “real” minimally processed food, which was found
as an advantage despite the work involved. “...cauliflower became my top food, so versatile and |
can pack tons of it... top facilitator...”. The participants reason was that by choosing more
vegetables and fruits instead of bread or pasta or any other processed food, reduced the “struggle”
of counting the carbohydrate content from the labels and became a matter of selecting the right

amount in household measures, which was a straightforward process (58%).
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In regards to exercise, the main themes identified were exercise convenience, in this respect at the
end of the 12-week intervention participants reported that this was a great opportunity and were
happy about it. The main facilitator was short intense exercises (top facilitator) (45%) which gave
participants the chance to experience a feeling of achievement, with gains in strength and body
composition improving despite the short time commitment, which was even more satisfying.
Revealing another main facilitator, was the sense of wellbeing and physical improvement. The latter
was a generalised realisation for all the participants (100%) of the study regardless of whether their
outcomes were large or small. Another facilitator that was reported by participants was the research
gym laboratory (100%). The theme of support resources was also unveiled by the participants
responses which identified the support of the researcher/trainer as a key facilitator as it provided
them with the sense or feeling of being attended to which pointed out as a strong motivation.
Participants enjoyed having supervision on site; this was perceived as an advantage and
considered an additional motivator to show up for training (52%). Another main facilitator was group
support (76%), participants reported having enjoyed the interaction with other participants during

the programme, and this made it more attractive to come to training sessions.

—What aspects of the LCHF/exercise programme did you NOT like and why?

The main theme that was identified as a barrier was lack of social support beyond the other
participants. Family members, especially those in their immediate family, not willing to share
participants’ new journey, was definitely a turn off (21%) and was identified as the 2" most
important barrier for those individuals that reported it. Another identified dislike was adaptation to
the new diet, (28%) — the first few days of adaptation. At the beginning, switching to a new way of
eating was complicated and difficult; however, it was no worse than getting used to any other new
diet, regardless of its carbohydrate content. Also, it was difficult getting used to balancing their diet
until the point participants did not feel hunger. A few participants reported having light headaches.
Adding more fat to their diet for some participants was a challenge, therefore they needed to
approach it by treating it like it was medically prescribed, until they got accustomed to it and it
became effortless. There was always the feeling of going against the norm, regardless of which the

participants felt they were improving their wellness.

The number one complaint was not being able to choose their exercise programme (39%); not
being able to switch days for exercising; maintaining the same exercises apart from changing or
modifying resistance was perceived as a turn off (11%). Exercising in the morning (and not having
the choice to train at another time of the day) was also a general response of dislike. At the end of

the programme participants wanted to continue coming and did not like that the programme was not
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going to be extended after the 12 weeks; many of the participants wanted to continue coming to the

exercise sessions (26%).

—How would you use this style of diet in the future, if at all?

To the third question, all of the participants reported that they would certainly adopt this way of
eating but with some “slack” or room for an occasional treat, not in the same strict manner as they
were conducting themselves during the course of the present study. Participants perceived it was
necessary to be able to participate with the rest of their family members in celebrations without
feeling guilt, for this reason they would introduce the LCHF diet to their immediate family members
(in the same household), instead of going back to the same habits, which was the primary reason
for entering the programme. However, a concern was raised in regard to supervision; participants
expressed some doubts whether they were going to be able to achieve the same level of
commitment. Because reinforcement was intensive but friendly, even if no direct communication
was received, listening to other conversations between the facilitator and other participants was
available. Also, having interacted with other individuals in the same situation was powerful. The
positive and constant feedback they received was recognised as one of the most potent
behavioural modification reinforcements in addition to the weekly weigh-in that also pushed them
towards achieving their personal weight loss goal; some also felt they needed to deliver for

themselves, for their group and for the programme.

A general response to this question expressed that participants would continue after the exercise
programme was concluded and no longer were required to show up three times a week. It was
more the number of participants wishing to add HIIT than the opposite; three individuals from HIIT
wanted to incorporate RT into their exercise routine vs four from RT said that they would want to
add some kind of HIIT into their training. Participants belief was that it was necessary to have both

exercise modalities to improve strength or aerobic capacity.
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Table 3-S10 Main facilitators and barriers

fin

fio

o

fio

Qa

Aspect
Intrapersonal
Intrapersonal
Intrapersonal

Intrapersonal
Intrapersonal

Interpersonal
Interpersonal
Intrapersonal
Intrapersonal

Intrapersonal

Aspect

Interpersonal

Intrapersonal
Intrapersonal

Interpersonal

Intrapersonal

Themes
Diet practicality
Diet practicality
Diet practicality

Programme resource
Diet resources

Group/Social support
Group/Social support
Health, Wellbeing and satisfaction
Physical wellbeing

Exercise convinience

Themes

Diet and the family

Diet adaptation
Time commitment

Programme support

Gym configuration

LCHF related=f
Post 12-wk=m

Main facilitators
Only CHO restriction m
Not counting calories m

Diet easy to follow m

Researcher / Trainer m
Diet App & website m

Group / peer support m
Family support m A
Sense of wellbeing m A
Physical improvements m A

Short intense exercise m A

Main barriers

Family or partner following a different diet
Family or partner not wishing to get involved m

Balancing energy intake to counteract hunger m
Not enough time due to other commitments A

Not having a support group A
Absence feedback or motivation A

Gym too crowded, not suitable A

Exercise related=n
6-month= A

131



Table 3-S11 Themes with questions of origin

Themes Generated by

moQl, AfQ1; eoftnQ1l
m0Ql; AnQ2; eofinQl;e0ftnQ3
m0Ql1, AfIQL; AnQ2; eoftnQ3

Achievement
Health, wellbeing and satisfaction
self-awareness

physical improvements

(strength and endurance) A0Q2; eoflnQ3

Healthy weight eofinQ1
General health eofinQ1
information aids A Q2
Researcher support eofinQ8
Group/Social support AofnQ3; eofinQ8
Sessions-duration AcQ4
time commitment moQ1; maQ1; A0Q3;
Time constraints - sessions timing [ Tale)
Convenience eofinQ1
Group allocation 10Q2; eo0nQ5
Programme and family integration eoflnQ3; eofinQ7
Programme promotion e0Q2
LCHF themes
CHO restriction AfTQ4
Diet adaptation n1Q2
Diet adequation A Q4
Diet and the family ulQ3; Af1Q1; eofQ5;
Diet awareness A Q2
Diet composition nllQ1
Diet differences A Q3
Diet effects-weight control nlQl1; AfIQ2
Diet integration ulQ2; mfiQ3
Diet practicality ufiQl; ofiQ1; eofiQ4
Diet support A1Q3; e0fiQ8
Diet structure eofiQ6
Diet support-Cooking skills A 1Q3; e0fiQ8
AcQ1

Exercise adequation
Exercise combination
Exercise convenience - duration

u0Q3; AnQ2; A0Q4
10Q3; enQ1; e0nQ4

Exercise facilities AnQ2
Exercise frequency A Q1
Exercise health and wellbeing effects AnQ2; e00Q4
Exercise modality AcQ4
Exercise purpose u0Q3
Exercise situations Q2
Exercise structure 00nQ5; e0nQ6; e0nQ7
A Q3

Gym configuration

Programme related= o
LCHF related= ft
Exercise related= o
Part 1; Post-12 wk questionnaire= m
Part 1; 6-month questionnaire= A
Part 4; 6-month questionnaire= e
Question=Q
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Table 3-S12 Questions with sample answers with themes post-12 weeks

Part 1 post 12 weeks
Themes 1. What did you like about the LCHF/exercise programme?
Achievement "After all that effort | can feel the difference... Ilove it!"
Exercise facilities " lliked the gym it kept me motivated.”
LCHF practicality "lliked the diet it was easy to follow"
Time commitment "... great exercise, fast, hard and in the morning"
Physical improvements "l liked that suddenly lifting the groceries... was easier and easier..."

2. What aspects of the LCHF/exercise programme did you NOT like and why?

Group allocation "I didn't like the group | got because the combination group seem to be more fun... in the end, I loved it!"
Exercise and the family "... being with my family was difficult at dinner time... they ate all the carbs... hate it!"
Exercise structure "...always doing the same exercises started to be boring...at least | got stronger..."
Programme duration "...Ididn'tlike it got to an end... | wanted to continue..."

3. How, if at all, would you use this style of LCHF/exercise in the future?

Diet adequation
Exercise adequation

... yes | will continue but with some slack... every now and then you need more carbs."
... lwill combine it, not just HIIT... |was told, you also need RT."

Follow up at 6 months (description)

e After six months and at the end of the 12-week intervention, participants were invited to
assist in contributing to the final comprehensive assessments to investigate what they had
retained of their respective programmes, how many had continued after the cessation

exercise and nutritional supervision, and the end of the exercise training.

e Participants were also given the opportunity to express their opinion regarding both the
nutritional and exercise intervention separately using a four part instrument that substituted
the one given at the end of the 12 week programme. This instrument was integrated to
inform the perceived barriers and facilitators toward the participation in the present study.
The first part consisted of 4 direct questions to obtain what were their major barriers and
facilitators. These questions were based on previous research questionnaires (309, 311,
312). In part 2, participants were to indicate what they believed was their major facilitator
(question 2) and their major barrier (question 3). In part 3, participants were to rate the
likelihood that they would find themselves engaging in the present nutrition and exercise
programme during the following 6 months, using a Likert scale ranging from 1 (not likely at
all) to 5 (most likely) adapted from Little et al. (167). Part 4 was intended to assess the

perception of participants in relation to their participation in similar exercise and nutrition
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programmes barriers and facilitators (see appendix). These 8 questions were developed for
assessing an exercise programme conducted in firefighters. It was intended to complement
the inquiry of the perceived facilitators and barriers in the present study, and used in a

focus group.

e The wording of the questions and face validity was tested in a sample of 16 individuals, who
were asked if any item of the questions was ambiguous or difficult to understand, and if it
was easy to understand the answers, besides checking if there were inconsistencies in the
responses (313). Participants were notified in advance that this follow-up assessment was
going to take place after six months of concluding this intervention. It was explained how
and when they would be contacted, and the procedure of this assessment. The same
analysis approach used for the post-12 week assessment was used (309, 310). In part 3,
the results of the question, are presented as an average having an estimation of how likely
participants would in the coming 6 months, engage in a programme using diet and exercise,
adapted from Little et al. (167). Part 4 questions were initially intended to be asked during a
focus group, but due to participants work commitments that was not possible. Questions
were asked individually, and main ideas were transcribed verbatim using short sentences.

The same approach as the analysis for post-12 week was used (309, 310).

Follow up — 6 months (results)

e After six months most of the participants were lost to the final assessment (follow-up) with
only 13 of the 46 individuals that completed the programme being available. The response
was similar between interventions (4, 4, and 5 for HIIT, RT and COMBO respectively).
Because of the low numbers, no statistical analyses were performed. Tables below (3-S13
to 3-S18) present the raw data for all available results at 12 weeks and the follow-up results
are expressed as percentage change. All participants reported that exercise commitment
was easier than continuing with CHO restriction; food diaries reflected that all returning
participants except for one (who had further reduced her CHO intake by 8%), increased
their CHO intake to some degree (see Table 3-S14). Those participants that were more
consistent with their nutrition and physical exercise habits reported more favourable
outcomes to their metabolic health. Table 3-S18 shows fitness outcomes, most of the
participants experienced a reduction in aerobic capacity as a consequence of discontinuing

their structured exercise programmes.

134



Table 3-S13 Follow-up. Demographics.

FOLLOW UP RESULTS RAW DATA
o 0 0 0 0
A & & & & A A A 0 ¥ ¥ QR
GROUP PN\ NI\ SR AR OQ@ OQ@ Ooé Ooé 00@
GENDER § 4 ¢ ¢ ¢ ¢ ¢ 4 ¢ 9 & & 4
47 45 51 53 48 51 19 54 56

AGE (y) 56 54 55 57

179 188 169 173 166 160 165 181 172 169 175 178 188

HEIGHT (cm)
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Table 3-S14 Follow up. Diet Composition (Part 1).

FOLLOW UP RESULTS RAW DATA
GROUP

A

DIET COMPOSITION

ENERGY INTAKE (k) 7205 7369 6554 6251 655 6012 619 7306 6605 6511 7022 7007 7091
hCHANGE s POSTNTERVENTION. 13%  20% - 9% -3% 2% 7% 1% 1% 15% 3% 34% 37%

CHO INTAKE (g) % 79 103 100 9% 106 10 9% 104 14 0 109 o
wonacevsposTTeRveTon 90%  202% - Tr% 6% 8% 2% 126% 8% 62% 176% 132% 302%

CHO INTAKE % TOTAL
ENERGY
toHNGEvsPOSTNTERVENTION 06%  148% - 63% 10% 5% 17% 90% -8% 40% 105% T73% 193%

BB % 7 B N N 2 % N A B L

PRO intake (0) 1 W15 15 U7 9 1 137 U8 17 o128 13 1
tOHANGE wsPOST-NTERVENTION 10% -T% - -14% 8% 4% 4% S% % 9% 5% 6% -4%

PRO INTAKE % TOTAL
ENERGY % ¥ B N OB N A N N N OB U
tCHNGEvsPOSTNTERVENTION. -3% 2% - 2% 1% -15% 3% -20% 3% 6% -22% -30% -30%

FAT INTAKE () g7 89 78 67 80 68 69 & 76 69 8 69 8
0 CHANGE vs POSTANTERVENTION -14%  -26% - -18% -15% -13% 8% -14% 4% -14% -10% -3% -16%

FAT INTAKE % TOTAL
ENERGY L | | T
U CHANGE vs POST-NTERVENTION -20%  -3%% - -28% -12% -29% -14% -28% 4% -26% -33% -28% -39%

136



Table 3-S15 Fitness and energy expenditure.

FOLLOW UP RESULTS RAW DATA

GROUP

FITNESS

V0, peak (mLskg™smin)
% CHANGE vs POST-INTERVENTION

BENCH PRESS (kg)
%5 CHANGE vs POST-INTERVENTION

LEG PRESS (ko)
%5 CHANGE vs POST-INTERVENTION

ENERGY EXPENDITURE

RESTING METABOLIC RATE

(k)

% CHANGE vs POST-INTERVENTION

PHYSICAL ACTIVITY

(METomin?)
% CHANGE vs POST-INTERVENTION

406 361 223
% -12% 9%

60 60 34
10% 2% -6%

35 349 128
1% 0% -10%

5745 T113 5414
20% -10% 13%

30 486 400
8% 1% 3%

§

203
-18%

3
0%

238
-19%

6920
-1%

349
40%

P

291
-§%

62
-1%

35
-§%

5862
1%

369
40%

314
-§%

33
2%

318
-6%

5393

0.4%

384
2%

o 0 0 0O 0

K A 0 ¢ 90 9
¢ @ A NN NN
OO OO OO OO QO

266 24 263 32 419 H3 38
Y% 6% -13% 0% -17% -18% -11%

£ % 3B 2 64 6 80
0% 18% - -52% -6% -8% -19%

263 453 248 383 504 500 473

A% 5% - 3% 4% 1% 4%

5167 7531 6720 6494 6552 8171 9288

-10% 05% -11% -1% 6% -10% -20%

303 4710 323 402 514 386 498
3% 10% 3% 33% 19% 10% 9%
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Table 3-S16 Follow up. Body composition.

FOLLOW UP RESULTS RAW DATA

BODY COMPOSITION
BODY MASS (kg) §7.2
% CHANGE vs POST-INTERVENTION 5%

BMI (kgem?) 2722
% CHANGE vs POST-INTERVENTION 6%

% BODY FAT 211
% CHANGE vs POST-INTERVENTION 8%

WAIST (cm) 97
% CHANGE vs POST-INTERVENTION 5%

HIP (cm) 105
% CHANGE vs POST-INTERVENTION 4%

WHR 0.93
% CHANGE vs POST-INTERVENTION 2%

VAT (g) 970
% CHANGE vs POST-INTERVENTION 16%

BODY FAT (kg) 226
% CHANGE vs POST-INTERVENTION 14%

LEAN BODY MASS (kg) 60.7
% CHANGE vs POST-INTERVENTION 3%

BMC () 3677
% CHANGE vs POST-INTERVENTION 2%

938
4%

264
%

318
%

102
6%

106
2%

0.96
4%

1847
22%

28.8
11%

617
1%

3274
1%

772
1%

211
0%

451
0%

95.9
0.1%

109
2%

0.88
-2%

1017
0.1%

339
0%

412
0%

2106
0%

82.6
2%

215
2%

417
2%

96.8
1%

109
1%

0.89
-1%

1436
-3%

331
4%

46.3
0%

3116
-2%

83.1
-5%

29.7
-4%

342

91

-5%

110
-2%

082

-3%

379

215

53.1

2508

71
5%

218
5%

38.6
6%

89.5
12%

103.9
3%

0.86
8%

952
16%

26.4
12%

419
2%

2141
-1%

758
1%

215
2%

39.3
6%

8.7
6%

978
2%

29.7
3%

284
2%

105
6%

95
-1%

32
-6%

48
-4%

98.2
5%

108.7 105.3 120.5

3%

0.72
3%

286
35%

28.8
7%

444
-3%

2698
2%

3%

1.00
3%

1998
21%

268
4%

67.6
1%

3421
0%

-5%

081
10%

690
-43%

444
-10%

48.0
-3%

2577
1%

85.6
4%

29.9
5%

38.4
17%

100
6%

108
4%

0.93
2%

942
7%

3L7
6%

50.7
3%

3183
-1%

94.2
3%

30.8
3%

36
2%

105
5%

114
2%

0.92
3%

823
-1%

32.8
5%

58.2
2%

3198
2%

86.2
%

269
8%

253
15%

97.7
10%

101
%

0.97
2%

960
78%

209
24%

61.8
2%

3442
2%

108
2%

30.3
3%

317
0%

111
1%

112
2%

0.99
0%

1659
33%

331
14%

712
-4%

3735
2%
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Table 3-S17 Biomarkers (Follow up at 6 mo.).

FOLLOW UP RESULTS RAW DATA

o 0O 0O 0O 0

A & L & A A A A U Q QO ¢ W

GROUP A S ¢ g
BIOMARKERS

GLUCOSE(mmoI'L-1) 54 47 53 57 55 66 54 75 6 59 52 68 56

% CHANGE vs POST-INTERVENTION 9%  45% -4% 5% -13% 2% 9% -4% -2% -15% 4% 0% 2%

INSULIN (pmolsL?) 31.09 3542 49.5 8758 393 373 204 111 4399 614 453 825 311
% CHANGE vs POST-INTERVENTION  98% 176% 27% -36% 27% -1% 95% -7% -23% 18% 25% 21% 1%

HbALc (mmolamal™) 306 288 37 372 37 378 368 369 353 375 341 389 369
% CHANGE vs POST-INTERVENTION  25% 29% 0% 0% 3% -1% -1% 5% 4% 6% -2% 6% -1%

C-PEPTIDE (nmolL ™) 056 056 059 097 051 062 047 119 071 083 053 097 0.79
% CHANGE vs POST-INTERVENTION  14% 138% -6% -23% -1% 0% 44% 3% -26% -11% 2% -15% -44%

TOTALCHOLESTEROL (mmokL) 4 5 6 7 4 6 7 7 6 6 4 5 4
% CHANGE vs POST-INTERVENTION 0% -20% 0% -14% 0% 0% -14% -14% 0% -17% 0% 0% 0%

HDL-C (mmolL?) 128 123 253 153 125 132 241 103 132 151 116 155 143
% CHANGE vs POST-INTERVENTION  35% -20% -12% -4% 21% 2% -15% -18% 58% -23% -4% -7% -8%

LDL-C (mmolL™) 294 296 393 589 239 485 468 558 403 442 305 338 212
% CHANGE vs POST-INTERVENTION  -9% 9% 3% -20% -3% 1% -5% -21% 11% -5% 3% 21% 10%

TRIGLYCERIDES (mmolsL?) 067 075 046 154 053 1 065 196 132 1.05 089 096 1.06
% CHANGE vs POST-INTERVENTION -13% 160% 15% -9% -2% -1% 66% 56% -45% 35% -20% 2% 16%

TG-HDL-C 023 027 008 044 019 033 012 083 044 030 033 027 032
% CHANGE vs POST-INTERVENTION  -34% 223% 26% -4% -19% -3% 95% 91% -66% 75% -16% 11% 27%

CRP (mgeL ) 04 15 2 2 26 13 1 32 31 1 42 22 01
% CHANGE vs POST-INTERVENTION 125% 40% 115% 35% -42% 92% -50% -19% -3% 50% -36% 118% 128%

URIC ACID (mgedL?) 031 029 023 035 02 031 028 047 042 024 037 035 033
% CHANGE vs POST-INTERVENTION  32% -17% -13% -11% 25% 3% -25% 6% -5% -4% 8% 6% 30%

139



Table 3-S18 Metabolic health, insulin resistance and blood pressure.

FOLLOW UP RESULTS RAW DATA

A & &

GROUP %\\\ \%\\ \%\\
METABOLIC HEALTH

siMS SCORE 199 201 0.76

% CHANGE vs POST-INTERVENTION -11% 67% 112%

INSULIN RESISTANCE

HOMA2-IR 069 075 1.08
% CHANGE vs POST-INTERVENTION 102% 204% 25%

BLOOD PRESSURE
SYSTOLIC BLOOD PRESSURE
(mm Hg) 104 111 116
% CHANGE vs POST-INTERVENTION 16% -4% 12%
DIASTOLIC BLOOD PRESSURE
(mm Hg) 68 70 75
% CHANGE vs POST-INTERVENTION 24% 6% 7%

297
-2%

193

-36%

146
2%

102
-5%

2.22

-16%

0.87
21%

105
4%

64
4%

2.66
9%

0.88
0%

104
8%

73
5%

A

& ¢

¢

133 351
54% 26%

045 2.64
99% -8%

118 113
3% 6%

76 11
9% 9%

FELeE
SO

279 259 238 220 238
-36% 18% 3% 20% 18%

1.00 1.38 099 193 0.70
-24% 12% 26% 20% 3%

108 118 113 109 128
6% 6% 3% 24% 12%

79
0%

79 6/ 8 80
10% -2% 11% 12%

Follow up questionnaire
Part 1

—How, if at all, have you been incorporating the LCHF/exercise used during the study into your

own diet?

After 6 months on their own, the LCHF undertaking was almost abandoned, only 15% of the 13

individuals that return for assessment maintain the CHO restriction to no more of 100 g<d-1. One

response from a participant was: “Just been more aware of carbs and have tried to keep them to a

minimum. But if | feel the craving, — | have a small treat, to avoid overindulging later”. In general the
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majority of the responses to this question, informs the study that the present information was useful
for creating a culture to avoid eating to excess of CHO (84%) which was the central concern of the

programme. The 38% considers family integration is important.

The same question for exercise let us see that participants have been exercising more often since
the completion of the programme (77%), however this in some cases, exercise practice as per the
programme; has not been constant (84%). Participants from the combination group have stopped
doing either RT or HIIT, depending on individual preferences. Some, on the contrary, have stopped
completely and only have been exercising doing moderate intensity continuous training like hiking
outdoors (15%).

—What have been facilitators to LCHF/exercise uptake?

To this question the responses varied from: The effects on body weight and overall fithess
motivated them to continue (15%) and kept them interested. For others, the tools they were given
were found to be quite useful and helped them (38%). The information they received, especially the
recipes, were perceived as useful tools to follow the LCHF diet eating plan (15%). Another facilitator
for the LCHF diet for the participants in the present study have been external information sources
(15%).

Some of the participants have signed in to a gym right after finishing the programme or taken
advantage of using their employer’'s gym membership and started to use it as much as possible
(46%). Another facilitator has been the excellent results (physical improvement and sense of
wellbeing) they had during the programme and for those who were more dedicated, apparently
improved more throughout these six months prior to the last assessment (15%). A crucial motivator
was the strength gains they have noticed in their usual everyday activities and the sense of
wellbeing (23%).
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—What have been barriers to LCHF/exercise uptake?

One of the main LCHF barriers perceived after 6 months of the intervention, was not having a
support group doing the same programme to reinforce the LCHF diet, as happened during the
intervention. Participants commented that peer pressure at work or comments coming from another
family member with different ideas was easier to deal with while in the programme (23%), because
coming to the exercise sessions was a constant reinforcement. Seeing another person going
through the same experience and being successful was a positive feedback that was not there
when the programme finished. Another person responded: “A barrier was my husband — not that

he is against it — he just doesn’t participate”.

Among common responses stating there were barriers was “family”; it was hard to keep the LCHF
diet going around family members that enjoyed having higher CHO meals and were not willing to let
go of their “way” (46%). Another response against LCHF and related to time commitment, was the
lack of cooking skills within participants (23%). Because processed foods and ready-to-eat meals
are normally high CHO meals, participants that were not skilled in food preparation or because of a
busy lifestyle (little time to cook) were put off the meals that were not ready-to-eat or required some
preparation time (15%). Time was a main barrier for continuing with the exercise programme after
the end of the end of the 12-week intervention (46%); another barrier has been the absence of a
facilitator that is able to be there and support the participants and able to find/suggest any other
exercise substitution, or simply be there for the participants that need assistance and external
motivation (23%). Another common response was the impossibility of recreating entirely the circuit
programme in a standard gym (23%), and also the absence of a suitable machine arrangement and

machine availability (the machine being used by another gym user).

—How if at all, would you use this style of LCHF/exercise in the future?

It was almost unanimous the intention to follow this dietary pattern, however many of these
participants (77%) added by saying that it was going to be a modified pattern that included the
possibility to enjoy higher CHO content foods and this way include their family members (84%).
Participants agreed that exercise was a key element and the main interest of the programme; all
participants reported they were going to continue using the 20 min model of interval training. Some
would continue using high intensity (23%), while others would only focus on keeping their exercise

as a short circuit (23%). Maintaining a good level of physical activity exercising regularly was going
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to be their focus (30%). While there was a group of individuals that were going to try to match the

programme as much as possible as it was (23%), some also stated that the combined programme

was the model they implemented and will continue to use as it may be a more complete full body

workout.

Table 3-S19 Questions and sample answers with themes Part 1 6-month follow-up

Exercise and LCHF adequation

Exercise and LCHF adequation
Time commitment

Health, wellbeing and satisfaction
Information aids

Information aids

Exercise combination

Diet differences

Time commitment
Group/social support absence
Gym configuration

Time commitment
Diet adequation
Exercise combination
Diet adequation

Part 1 6-month follow up
1. How, if at all, have you been incorporating the LCHF/exercise used during the study into your diet/exercise?

"... 1did the training, as much as | could... the carbs, | just couldn't...

... lwas more aware of what | was eating..."

"...yes | adopted it as my way of living... every now and then | binge on carbs..."
...Iwanted but... was difficult to find the time to train..."

N

. What have been facilitators to LCHF/exercise uptake?

... the results are evident... | feel way better... am not stopping..."
... the guide and resources..."

... that book... What the fat?..."

... Ifind combining weights with interval training...quite fun..."

w

What have been barriers to LCHF/exercise uptake?

...my family and friends... it makes it harder... carb lovers..."

... the time to cook, the time to exercise... very busy these days..."

... the group was so important... social presure you know..."

...the gym itself not made for that... people don't let you... especially at peak hours...
when | can go after work..."

4. How, if at all, would you use this style of diet (LCHF)/ exercise in the future?

... the 20-min session is great, helps me keep exercising..."

... the diet would be low in carbs but with the possibility to have more..."

... definitely exercise is a must... a combination between HIIT and RT... sessions 20-30 min..."

...my family is important to me | will focus on quality... every now and then carbs as low as during the programme..."

In Part 2 (presented in Table 3-S9) participants indicated which were their main facilitators and

barriers from questions 2 and 3 according to their perception. Whereas Part 3 is presented in Table

3-S9, where participants indicated the likeliness of engaging in an intervention such as the present

study for the following 6 months.

Table 3-S20 Likeliness to engage in a LCHF and exercise programme for 6 months
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GROUP

Post-12 wk
LIKELINESS

How likely would you find engaging in a LCHF and exercise program during the following 6 months?

(@) (@) (@)
RN R NS S S AN K et
O O O @)
5 4 4 5 4 5 5 4 4 5 5 4
4 4 4 4 5 4 4 4 5 4 4 4
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Part 4

Table 3-S21 Questions with sample answers with themes Part 4 6-month follow up

Themes

Healthy weight
Health, wellbeing and satisfaction
Healthy weight

Promotion of LCHF and exercise
Promotion of LCHF and exercise
Promotion of LCHF and exercise

Physical wellbeing
Physical wellbeing
Physical wellbeing
Physical wellbeing

Exercise convinience - duration
LCHF practicality
LCHF practicality
Exercise convinience -duration

Exercise structure
Exercise structure
LCHF and the family

Exercise structure
LCHF structure

Exercise sturcture
Programme and family integration
Programme and family integration

Group/Social support
Group/Social support
LCHF support
Group/Social support
Programme Innovation

Questions Part 4 and example answers

1. What was your main reason for participating in this study?
" to improve my health and lose some weight”

“Iwas thinking of joining a gym, this was ideal to me”
"...needed to improve my health... physical endurance..."

2. What would help motivate individualsin your circumstances to participate in a LCHF and exercise programme?
"...offer state of the art facilities, fun and rewarding experience... personalised and engaging!.."

...offer the opportunity to have personalised nutrition and exercise..."

..like youdid to getto us...”

3. What changes did you notice in your fithess and body after doing the programme?
“... Ifelt much stronger"

...Ifelt better, lighter and in better shape...
...thiner...like a version of a younger me!...
...absolutly am wearing pants | haven'tin a long time."

4. What did you like about the programme?

... sessions were fast and experienced improvements ... | liked that...”
... diet was easy to follow... | liked it.”

...not counting calories... sweet as..."

...20 minutes and | was gone... that was awesone..."

5. What did you not like about the programme?

“I did not like having the same exercises.”
"I did not like that it was difficult to eat with my family, when they were eating carbs..."
6. What changes would you make to the programme?

... maybe having a different routine... for a change...”
"... what about having a no diet day..."

7. What would make it more practical for people like you to do the programme?

...maybe being able to change exercise days..."
...giving ideas of how to involve your family..."
...being able to exercise at home to involve your family"

0

. What would help people like you to do the programme over the long-term?

...provide support, to help you..."

...having an exercise buddy..."

...cooking lessons to innovate when you don’t know what to cook."
...a support group for extra motivation,.. perhaps."

...what about providing the meals..."

...Idid not like that | wasn't able to choose the group | wanted to be in... but not anissue...

... let them know... short, intense workouts to get rid of stubon body fat... think it might work...

Diet and exercise facilitators and barriers (questionnaire part 4)
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1. What was your main reason for participating in this study?

The participants main reasons for joining the present intervention were around their need to
improve their health and to reduce their body fat and to improve CVD risk. A main theme related to
this question was healthy weight, and health and wellbeing, which uncovered facilitators such as
sense of wellbeing and physical improvements, which seems to be the main reasons for joining the
present study (100%).

2. What would help motivate individuals like you to participate in a programme like this?

In this question, the theme expressed was the LCHF diet and exercise promotion, where facilitators
represented the experience of participants when they were invited to participate in the present
study. It includes responses where participants suggest that a way to motivate people is to talk

about their success and used theme as living examples (84%).

3. What changes did you notice in your physical abilities after doing the LCHF diet and exercise

training?

The main facilitators were a sense of wellbeing and physical improvements. One response to the
question was that there were a series of positive health manifestations after being exposed to the
present intervention, which can be summarised by saying that the participation in the present study

brought vitality and a generalised sense of wellbeing (100%).

4. What did you like about the LCHF diet and exercise programme?

This question’s theme summarised the answers that participants gave previously in the post-12
weeks questionnaire in question 1. The themes found are: personal achievement, nutritional health,
wellbeing and satisfaction, and diet practicality. The main facilitators a sense of wellbeing and

physical improvements, etc. which are presented in Table 3-S9 (100%)

5. What did you not like about the LCHF diet and exercise programme?

Like question 5 this question was a reflection of question 2, being the main themes and barriers

presented in Table 3-S9: time commitment, programme support and gym configuration, and barriers
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identified were not enough time due to work and other commitments (84%), not having a group

support or absence of feedback and motivation (849%).

6. What changes would you make to the programme (LCHF diet and exercise)?

Responses were summarised in the them of programme structure (LCHF structure and Exercise
structure), among their suggestions were to use a variety of exercises (30%), a day out of the diet

(15%) and family inclusion at home (46%).

7. What would make it more practical for individuals like you to follow a LCHF and exercise

programme?

The main theme was programme and family integration and exercise structure, suggestions were to
provide ideas for integrating the family at home (46%), add different routines, and possibility for

changing exercise days (30%)

8. What would help individuals like you to perform LCHF diet and exercises over the long-term?

The main themes were around group and social support and programme innovation, and the main
facilitator was group and peer support (84%). It was commented that if long-term commitment is the

objective, the presence of support is vital.

Diet and exercise facilitators and barriers (Discussion)

After the 12 weeks of intervention it was found that the main facilitators for the present study may
have been influenced by intrapersonal motivations which according to the social ecological model
are influences of behaviour by knowledge, skills, and self-efficacy (314). This way the knowledge
realisation of the efficacy of the programme represented by the programme characteristics powered
the behaviour of the individual towards the obtention of their goals. While the skills that they are
learning and confirming the their efficacy propelled the behaviour in direction of the adherence to
the programme. It seems that a diet that restricts to 100 g was easy to follow, with nothing else to
worry about, no counting calories (that were main facilitators), along with the reduced time
commitment that was possible because of the nature of the exercise programme used for this
intervention that used short, intense exercise. Research has evidence that LCHF diets that are not

as restrictive as ketogenic diets and still provide the benefits of carbohydrate restriction (42).
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Altogether (diet and exercise facilitators) potentiated the physical improvements that gave
participants benefits that were translated into a sense of wellbeing (also main facilitators). On the
side of the intrapersonal ground, the social ecological model postulates that the environment, in this
case represented by the intrapersonal facilitators also motivated the participants to the acquisition
of their goals, keeping them on track and directs, in this case, the participants’ behaviour towards
adherence to the programme This way the tools provided, proved to be useful and effective means
(researcher, diet app and website) for support. The latter was reinforced by the positive peer
pressure. Characteristics that together provide a positive feedback potentiating effect toward the
adherence of the present study. Characteristics or aspects apparently were lost during the 6
months post intervention and may be an indication that it is necessary to provide this or similar
facilitators to individuals at risk of metabolic disease to be successful. The indication of it, probably
was that a great number of participants were lost after 6 months of being without the structure of
support that was offered with the programme. An effect that has been observed in other
interventions that noticed when support is withdrawn patients that were submitted to bariatric
surgery after successful treatment, they start to regain weight after they are being discharged.

Situation that is reversed once patients are reinstated psychological support (315).

Follow up, six months after the end of the intervention

While follow up analysis was indicated to the participants once the intervention had finished, overall
numbers that participated in the 6 mo. follow up was too low for statistical analyses at this time point
to be completed. In the literature there is evidence that follow up after 3 to 12-week post-
intervention reported greater compliance after 6 months or even a year. It is possible to compare
those participants that remained more active and compliant with the diet, are those that are showing
greater results (316). However, those studies that reported a small dropout rate at follow-up had
structured visits within that period. These regular meetings were used to weigh participants and use
that time for solving any issues that arise (316, 317). In the present study, participants that did
participate in the follow up mentioned in the final questionnaire that the absence of a facilitator was
a factor that may have contributed to lower compliance in maintaining both the exercise and the
diet.

However, it was possible to observe that a great number of participants returned to a higher
consumption of carbohydrate and only two participants were following their diets more closely, both
of these participants continued to lose weight and improve their body composition even further. A
similar pattern was observed with exercise; those who remained more active obtained better
outcomes, however it was not possible to observe a clear pattern in the results. By contrast, it was

evident that most of the participants discontinued the training as such and replaced it with sporadic

148



sessions of high intensity with moderate intensity walking throughout the wk. Only two participants

continued exercising closer to their prescription, that is three or more sessions of 20 min-wk.

Of all the participants, those with the lowest CHO intake and were exercising closer the prescribed
exercise were those who lost more weigh and, however this did not manifest in lower glycaemia. In
summary, there was a trend between self-compliance with the programme and better body
composition. Facilitators and barriers that were identified as key motivators, at post 12 week
assessment were also found as potential motivators for participants at this time point. It was also
found that barriers identified earlier may have been responsible for the reduction of the adherence
to what the have learnt to be effective to improve metabolic health; possibly and indication that
support may be necessary to reinforce intrapersonal facilitators an increase adherence after an

intervention of LCHF and short intense exercise potentially proven to be effective.

4 Overall discussion

Importance of this research

This study was necessary because, in recent years the healthcare and scientific community have
increased their interest for developing more potent strategies/treatments to stop the growth of non-
communicable diseases to epidemic proportions. Especially those that have their origin in poor food
habits and inactive lifestyles causing the deterioration of cardiometabolic health, which increases
the incidence of CVD and T2DM. Hence, it has a negative impact on the economy worldwide,

especially the economies of emerging countries that show a higher incidence of these diseases.

It has been observed that non-pharmacological treatments have produced the largest improvement
in the reduction of the incidence and the progression of metabolic disease (12). Among non-
pharmacologic strategies, exercise and nutrition are utilised mainly in the form of a low fat, reduced
calorie diet and moderate intensity continuous aerobic and RT exercise (36). However, there are

other and probably more potent approaches that have shown a great potential. The LCHF dietary
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approach, and HIIT and RT, have been identified as potent tools that have produced positive results

when they have been used as stand-alone treatments (36).

In the literature there is a paucity regarding the acute effects of a 10x1 min HIIT protocol (146, 189,
197) and full body circuit type RT when are combined with a CHO restricted diet. Nor has the direct
comparison of the training effects of these exercise modalities been reported, either on their own or
combined when exercise is performed iso-time and quasi iso-effort. Hence the main purpose of the
present thesis was to determine which combination of a LCHF diet plus HIIT, RT or both, was more
effective to improve the cardiometabolic risk when both exercise modalities were equated by time
and effort. To answer this question, it was necessary to understand the acute effects and if there
was a difference between HIIT and RT cardiometabolic responses after a single exercise session.
Keeping in mind that the training effects are the cumulative effect provided by systematic repetition

of an exercise session (presented in Chapter 2).

This study for the first time investigated these three different combinations of a LCHF diet (<100 g
CHO restriction) and high-intensity interval training (aerobic [HIIT]), resistance training [RT] and
HIIT and RT, when both exercise modalities are equated by time and effort. The rationale behind
this intervention was the utilisation of a diet and exercise regime that together could potentiate
positive metabolic effects. The LCHF diet is a way of eating that favours the consumption of whole
foods, while restricting CHO intake. It encourages the consumption of minimally processed, nutrient
dense vegetables, healthy fats and high value protein sources, and could be a more suitable
nutritional approach to stop the progression of MetS and T2DM (24). Limiting CHO toup to <100 g
per day in the present study was considered sufficiently low to induce positive changes across all
groups without being as restrictive as a very low-carbohydrate ketogenic diet. The latter, being more
restrictive, may influence adherence and sustainability of this eating pattern. This was the case for
all groups and is discussed in Chapter 3. HIIT allows the individual to reach higher intensities that
are more effective in improving aerobic capacity and energy utilisation (167), RT using heavy
weights is favourable as well for improving aerobic capacity when higher intensity is involved, but
also and probably the most wanted effect is its capacity for the preservation of muscle mass and
strength (37). RT is also effective for improving body composition and resting energy expenditure
(318).

The main question of this thesis was to answer which form of exercise, when combined with
carbohydrate restriction, is better to improve metabolic health? To respond to this question, it is
important to comment first on the differences in the acute responses after one session of either HIIT

or RT combined with a LCHF diet, because it can help to understand the training effects.
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Differences of acute effects of HIIT vs RT

Energy expenditure (EE), aerobic capacity (VOzpeak), and heart rate (HR)

In the present study, individuals following a LCHF diet performed iso-time and quasi iso-effort HIIT
and RT exerted a significantly different energy expenditure. When individuals performed the HIT
exercise session, their energy expenditure was almost twice as much than RT exercise (when the
RT used a 2 s concentric and 2 s eccentric tempo for each phase of the lift). This may demonstrate
that the HIIT exercise combined with a LCHF diet may provide an advantage for improving weight
loss. HIIT’s greater energy expenditure probably was the result of the engagement of a larger
muscle mass during the exercise session at all times. Exercise was performed with the legs causing
a more constant oxygen uptake, while only 30% of RT work was performed with the lower
extremities (leg press and sumo squats). The VOzpeak was consequently greater for the HIIT group
as demonstrated also by the GEE 8= -8. 005 p <0.001 despite the same duration and effort. The
latter was confirmed by a similar RPE demonstrated by the (GEE B= 0.425 p= 0,454) and also
similar RER (GEE B= 0.003 p= 0,810). Another possibility that may explain the greater EE was the
speed of muscular contraction. It seems that the type of contraction that involves HIIT may be
similar to the explosive contractions during the leg press exercise described elsewhere by Mazzetti
et al. (241). They observed that the leg press explosive contractions generated a greater energy
expenditure than leg press exercises carried out, using 2 s x 2 s for concentric and eccentric
phases respectively. This was the same tempo used in the present study for all RT exercises and
was in line with the study conducted by Francois et al. (243) who compared upper and lower body
sprint interval training (SIT) (5x30 s all-out sprints, interspersed with 4.5 min recovery). They found
that both upper and lower body sprints with a resistance proportional to arms and legs’ muscle
mass, produced a similar metabolic response including HR. Allowing to say that when similar speed
is achieved for upper and lower body exercises, the energy expenditure may be the same. These
studies support the hypothesis that contraction speed was a determinant for producing a higher
energy expenditure in the present study. Another study that supports this rationale was performed
by Roberson et al. (242) who tested three circuit training full body RT protocols that used different
speeds and loads; they observed that the rate of energy expenditure was significantly greater when
exercise used high load and explosive concentric and controlled eccentric (2 s). All together this
evidence may indicate that speed in the execution of upper and lower body exercise produces

greater energy expenditure than lower speed even when the load is high.

Another parameter that allowed us to determine with confidence that HIIT exerts a greater energy
expenditure is the heart rate, which is a parameter that depends on the oxygen demand of the
working muscle, and is highly correlated with the energy expenditure (319). In the present study,

HR was significantly greater for HIT (GEE = -19.306 p=0.0.017), showing a greater oxygen
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demand demonstrated by the significantly greater VO peak (GEE = -8.005 p<0.001) during
working periods. This is likely achieved due to the greater muscle mass involved during the HIIT
exercise periods compared to RT (GEE = -3.229 p<0.001). In addition, lower HR and EE during
RT may be due to the speed and the total number of contractions of each exercise, which was
significantly lower than HIIT (15 repemin-! vs ~100 rpm). Proof of this rationale may be supported by
the study carried out by Kaikkonen et al. (244) that showed that it is possible to control the HR
during RT by controlling the speed of movement, and thus it is possible to regulate oxygen demand

and therefore EE.

Acute blood pressure responses

In the present study blood pressure responses were similar between exercise modalities, with no
changes at any time point being observed. This is not unusual, and is also documented by la Scala-
Teixeira et al. (245), who compared the acute effects of manual RT and free weights RT in a group
of normotensive and hypertensive individuals. Both protocols were matched by time and intensity
and BP was measured pre-, during and after 15 min, 30 min, 45 min and 60 min post-training. In
their study, normotensive individuals did not show any reduction in BP at any time point. Likewise,
no changes were identified by Rossow et al. (320) who investigated the post-exercise hypotension
(PEH) after high-intensity interval cycling vs continuous high-intensity cycling. These researchers
observed no BP changes within the first 30 minutes after the exercise session, PEH occurred until
60 minutes after the exercise session for both high-intensity interval cycling and continuous cycling.
Indeed, studies that have investigated the effects of a single bout of HIIT or RT have been observed
to produce positive results starting at one hour and up to ten hours post-exercise in hypertensive
individuals. In the present study there were no posterior measurements beyond the 15 min time
point; as a consequence, it is impossible to rule out PEH. It has been observed that PEH may take
up to 45 min after exercise to manifest (246, 320) and is a possible explanation of why PEH was not
present 15 minutes after the session of HIIT or RT in the present study. It may be that when
exercise is performed at a high-intensity, the stress generated by the mechanical stress of the
muscle contractions induces an increase in the arterial stiffness, reducing the arterial compliance; in
other words, its ability to expand (321-323). This in turn increases blood pressure, thus the speed
the blood travels through the arteries to reach the working muscles. After exercise is finished, it
takes around an hour to subside, allowing the blood pressure to return to normal or lower (PEH).
Despite this, the objective of taking BP measurements to detect a possible increment in BP at 15
mins after exercise was to match the blood markers measurement. A limitation of the present study
was the absence of more frequent BP measurements during and after exercise to obtain a better
mapping and the detection of the possible changes in BP during this period. No adverse effects
were detected, indicative of the safety of both modalities. When HIIT and RT have been used,

studies have found 24 hour reductions in blood pressure in normo and in hypertensive individuals
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(324, 325). Participants, in the HIIT study were normotensive and 50% were hypertensive, the
exercise protocol was a 10-min warmup and 5 x 4 min intervals at 90% of HRpeak interspersed
with 3 min of active recovery at 70% HRpeak (324) Whereas the RT study exercise protocol
consisted of 3 sets of repetitions until moderate fatigue (slowing of movement) using 7 exercises
(chest press, leg press, lat pull down, squat, arm curl, right leg curl, and left leg curl) with an
intensity of 50% of 1RM with 90 s resting intervals between sets. Participants were 26 adults (12
hypertensive) between 30 and 60 y. Contrary in our study, all participants were normotensive, the
exercise intervals lasted 1 min of exercise with one min of rest, another difference was the exercise
selection for RT included two upper body exercises and one leg exercise for a total of 6 exercises,
that were repeated until a total 10 exercises, 15 repetitions that accounted for 1 min of work with 1
min of rest between exercises. Probably in the present study, the volume of exercise accounted for
not observing BP changes from the baseline, or probably because individuals were showing normal
BP values since then. It is documented that exercise lowering BP properties is due to the PEH

effect of acute exercise are more likely to occur when participants are hypertensive (320).

Acute glycaemic response

In relation to the baseline, HIIT and RT had similar responses in glucose, testosterone, cortisol, IL-6
and growth hormone after a single session of either HIIT or RT at any of the two time points (post-
15 min and after 24 post exercise vs baseline). This was found regardless of the differences in
muscle engagement (i.e. ballistic movements vs controlled 2 s concentric, 2 s eccentric), indicating
a similar metabolic effect. In the case of glucose, it could be explained that the main reason for
showing similar results between and within groups was that individuals at baseline were
normoglycemic for both exercise modalities. The literature suggests that when normal glucose
levels exist prior to exercise, there is unlikely to be a substantial glucose reduction. During HIIT, in
normoglycemic individuals there is a slight increase in circulating glucose that persists for up to one
hour after exercise ceases (326). In normal conditions during exercise there is a rise in glycaemia to
allow sufficient energy for the working muscle. This may indicate the body’s ability to cope with
glucose variations due to exercise, as these were normalised and similar to baseline at the 15 min
mark. The 24 h result was also not different from the baseline. This is consistent with studies
looking at the 24 h fasting glucose response after a single session of RT (247) or HIT (327) that
observed no change in fasting glucose values over 24 hours. It could be that the exercise did not
reach a sufficiently high intensity that is necessary to trigger a reduction in fasting glucose (328),
despite the mean RPE results. In the present study it is indicated that participants perception of the
intensity (as measured by RPE) was 16.9 for HIIT and 17.0 for RT corresponding to a very hard

exertion for them; perhaps they were potentially accustomed to this intensity and therefore it was
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not enough to cause a reduction. Conversely, the reverse might be true; they may have perceived a

higher intensity than what physiologically was found.

Acute hormone and IL-6 responses

Evidence in the literature has established that the combination of duration, intensity and volume is
required to generate changes in the hormonal anabolic responses (215). To address this matter the
RT and HIIT programmes were designed to exert the highest possible hormonal responses. For RT,
research showed that compound exercises have been found to be better for improving muscular
strength and maximal oxygen consumption than exercises involving muscles in isolation (329), with
15 repetitions per set involving controlled movements and lifting weights close to failure (270 1RM):
a pull and a push, interspersed with either a pull or a push lower body exercise, two to three sets
per exercise (See Figure 1). In the case of HIIT, running or cycling was used and matched with the

effort performed during RT. This way we intended to equate effort.

After one exercise session of both HIIT and RT, it was found there was a similar anabolic elevation
of all hormones assessed. The duration of exercise plays a crucial role for the two hormones
testosterone and IL-6 (222, 248, 252). However, in our study it seems that the combination of heavy
loads and the order of upper and lower body exercises in RT was important for testosterone to
reach a significant increase after only a 20 min exercise session. While the IL-6 increase was
significant, it was quite conceivably influenced by a LCHF diet that possibly led to reduced glycogen
depots (254, 330). Reduced glycogen levels combined with eccentric and concentric muscular
contractions while lifting heavy loads have been reported (257) to augment the release of IL-6 in

contrast with high glycogen concentration which inhibits IL-6 release (251, 257, 331).

In the present study, growth hormone was significantly increased for both exercise modalities.
Previously, it has been reported that GH is also elevated when cortisol and lactate are significantly
elevated (259), which shows that these increases are highly dependent on exercise that is meeting
the threshold between volume and intensity (259). Budnar et al. (262) also reported that a short
exercise duration session was also able to demonstrate significant increases in testosterone, GH,
and cortisol, and their exercise programme involved 12 x 30 s bouts of kettlebell swings. It was also
reported that the cortisol and GH concentrations registered their greatest concentration at
immediately after and the 15 min mark post-exercise, whereas Budnar et al. reported that
testosterone elicited its maximum level immediately after exercise. In the present study HIIT did not
promote a significant increase in testosterone, probably because the overload generated was not
as great as the RT overload. Supporting published data suggests that it is the load factor which

plays a crucial role for the increase of testosterone, cortisol and GH (255). In the present study GH
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was significantly increased for both conditions, with a slightly greater magnitude for RT. This again
suggests the load was slightly greater for RT. In another study, Raymond, Renshaw and Duncan
(263) provided evidence of the pivotal role of the stimulus of total load given by the total weight
lifted which potentiates the increase in testosterone, cortisol and GH. They compared 12 swing
cycles of 30 s using a load of 8 kg vs 16 kg kettlebell. It was the 16 kg load that provided the
greatest increases in these hormones. Research also points out that using 15 repetitions per set
and rest of 1 min between exercises in a circuit-like fashion seems to be effective to promote
significant results for GH (260). In the present study, participants were lifting the maximum possible
weight that they could use for performing at least 15 repetitions and no more than 2 repetitions in
reserve per set, in a circuit-like fashion RT involving compound exercises. In line with the published
data, this points to the belief that intensity (heavy load) played a key role for the elevations in

testosterone, cortisol, and GH.

In summary, HIIT exerted a more pronounced energy expenditure than RT, however all other
metabolic responses measured in the present study were similar. The magnitude of change
resulted after RT for testosterone and GH was slightly larger. The same applies to the change of
glycemia after HIIT. This might indicate that the body composition improvements when doing HIIT is
the result of a greater energy utilisation coming from carbohydrates, (also improving glycaemia),
while RT may promote the improvement of body composition as a result of the release of anabolic
hormones that favour muscle synthesis, the energy utilisation from carbohydrate and fat by the
working muscle mass which remains constant. Now that the acute effects of these combinations of
carbohydrate restriction and exercise have been discussed, the following questions have been

formulated.

Which combination of exercise and LCHF is more effective in
reducing the risk of metabolic dysfunction and cardiometabolic risk

factors?

It was hypothesised that combining a LCHF diet with either HIIT, RT or a combination of both was
going to be beneficial for improving cardiometabolic risk factors. Indeed, previous work using a
combination of aerobic exercise and RT conducted in type 2 diabetic individuals obtained better
results than either of the two modalities alone (332). On the other hand, exchanging aerobic
exercise with HIIT might be better and more achievable, since it produces a better or at least an
equal response with a minimal time commitment (333). Supporting this statement and our
hypothesis, a meta-analysis found that aerobic interval training and resistance training combined
were more effective for improving VOzpeak when compared to aerobic interval training of similar

energy expenditure alone (334). Also it is documented that the concomitant use of LCHF and RT
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had been found to preserve muscle mass (46). Therefore, combining both HIIT and RT, or a

combination of both with LCHF was of specific interest.

We observed an improvement in almost every measured marker in the intervention trial, indicating
that all of these combinations are effective to promote positive metabolic outcomes that may lead to
improve the overall metabolic health in overweight individuals at risk of developing metabolic
disease. However, there were significant differences between these interventions, and these were

glycaemic control (HbAlc), body mass, RMR, and upper body strength (bench press).

Glycaemic control measured by HbAlc, and added sugars

Starting with the HbAlc, the HIIT group was the most improved; it may have been influenced by the
training effect. The HIIT exercise session produced the greatest energy expenditure (see acute
study) and CHO was the principal fuel being utilised, as measured by indirect calorimetry (see acute
study). This difference in HbAlc also could have been influenced by a lower intake of added
sugars. The HIIT group had the greatest reduction of absolute intake and the percentage of added
sugars of total energy intake according to the post-training intervention dietary assessment. The
lower added sugars intake may have reduced the glucose availability after the ingestion of foods
having as a result lower glycaemia. Indeed, it is well documented that consuming a lower CHO food
intake produces a lower postprandial glycaemic response (335). Therefore, having a greater energy

expenditure per exercise session and eating less added sugar may have resulted in a lower HbAlc.

Body mass and RMR

The significant difference in body mass between HIIT and COMBO (p=0.049) could be explained by
the training effect of HIIT that had a superior energy expenditure per exercise session. According to
research, this transient exercise-induced energy expenditure can extend for up to 38 h (286) after
the last bout of aerobic exercise (19). This over the course of the 12 week in addition to the
spontaneous energy restriction of the LCHF diet may had an impact on HIIT body mass. Together
these two factors with in addition to a the protein intake of ~1.4 g-kg%, that according to research
may not be enough for muscle preservation(217) during energy restriction in combination of
exercise training, in some degree may have caused by the reduction in LBM of the HIIT group (HIIT
g=-0.07; p=0.005) vs the muscle sparing capacity of RT seen in both RT and COMBO (RT g= 0.00;
p= 0.850; COMBO g= -0.01; p=0.810) possibly because of LBM preservation. It is also known that
metabolism slows down when body weight is reduced (336), since energy expenditure has a high
correlation with LBM; that could explain why RT and COMBO had a greater RMR than HIIT.

Another example that provided more evidence to suggest the LBM sparing effect of RT (supporting
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the notion that RMR is highly dependent on LBM (292)) are Bryner et al. (291) and Villareal et al.
(193). The first one (291) is a study comparing RT vs AET, both follow a very low calorie diet for 12
wk. They obtained similar results in that the AET+D group manage to lose significant body weight
but lost LBM and had a lower RMR, while those in the RT+D group did not lose LBM while still
reduced body weight significantly and increased their RMR. The second study Villareal et al. (193)
compared AET vs RT vs combined vs a control for six months. This group observed that AET lost
5% LBM and as a consequence had a greater decline in RMR vs minimal reductions in LBM (=2 -

3%) and a smaller decrease in RMR for those who performed RT.

Upper body strength

It was expected that strength was going to be improved for all groups, since individuals that are
previously sedentary benefit the most when exposed to an exercise programme. The RT group was
significantly different from HIIT, but not the COMBO for upper body strength. However, participants
of both the RT and COMBO groups had the benefit of exercising the upper body when performing
RT. The participants of the COMBO group were influenced by HIIT performance and this could
have interfered in the upper body strength development. This may explain that the RT-only group
was the most improved in upper body strength. In the literature, a meta-analysis looking at the
effect of concurrent aerobic training and RT vs RT alone, quantified the overall strength
development using effect size (ES) which is an statistical estimate of the magnitude of a given effect
(337, 338). As it is the larger the ES the larger magnitude of an effect (338). Therefore considering
this metric, RT and concurrent training had twice as much the effect of endurance training: 1.76, for
RT; for concurrent training, it was 1.44; and for endurance training, it was 0.78 (339). This meta-
analysis may give a clear image of how strength development is influenced by concomitant RT and
aerobic training, reflecting the results observed in the present study. However another more recent
meta-analysis comparing the compatibility of concurrent HIIT and RT vs RT alone, did not observe
this interference between these modalities of exercise when performed together for upper body
strength (340). Which led me to think that similar results in upper body strength with HIIT was
because the COMBO was less exposed to RT, and therefore less upper body training, since half of
the total of 36 exercise sessions were used for HIIT and for that reason upper body strength was

not much different from HIIT.

The clinical significance of this intervention

This study is clinically significant because it demonstrates it is possible to improve aerobic capacity
(all p< 0.001) using high-intensity intermittent exercise that used different exercise modalities (HIT
and RT), a time commitment under the exercise recommendations of 150 min-wk* (341) with a

protocol of 10 x 1 min interspersed with 1 min recovery periods. Interestingly RT an exercise
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modality valued for its ability to improve strength and muscle accretion (37) improved significantly
the aerobic capacity as well. This fact is beneficial and important because it allows more freedom to
choose this exercise modality to achieve both objectives, without ignoring that both together
provided a greater effect size effect (g= 0.57 HIIT; g= 0.53 RT; g= 0.85 COMBO); In addition to this
the improvement in strength (all p< 0.001) is also of interest because all modalities improved this
parameter. The fact that RT was the more effective to improve upper body strength is probably a
result of having included exercises that are used for the upper body strength test and the fact that
HIIT only used running and cycling. specifically upper body exercises and using any of these three
combinations. These improvements are quite important because these two parameters are strongly
advocated as an effective and potent treatment/tool for the reduction of cardiovascular disease risk,
metabolic disease, and improvements in quality of life (342, 343). It is established that individuals
that improve their aerobic fithess may trigger a better muscle oxidative capacity that ameliorates fat
oxidation leading to better body composition and glucose utilisation (344-346). Individuals with
increased muscular strength have better glycaemic control, lower blood pressure, and better
oxidative capacity (227, 347). Increased muscular strength is related to an improved and
independent protective effect on all-cause mortality in healthy middle-aged men, in men with
hypertension, and individuals with heart failure (227, 347). In addition, Ortega et al. (348)
investigated the association of muscular strength and CVD. In their study, a sample of over one
million participants was followed for 18+ years and found that muscular strength was inversely
related to CVD risk.

The present study also provides evidence that all the tested combinations of LCHF, HIIT, and/or RT
close to failure can be used safely by people who are overweight, currently inactive (less than 150
minutes physical activity per week (349) and at risk of developing metabolic disease, provided that
they are able to perform high intensity exercise. Despite these combinations were equally effective
in reducing VAT and fat mass, the present study suggests that the LCHF diet and HIIT may be the
least effective combination for improving body composition because it produced a significant but
minimal in magnitude (g=-0.07) LBM loss; while at the same time the best for glycaemic control
than any of the other two combinations. This is probably because the protein intake was not enough
to spare muscle mass during energy deficit due to CHO restriction (217), in addition that of
exercise. For glycaemic control, it may be explained because HIIT produces a greater energy
expenditure per exercise session (see acute study), therefore it may have increased the need for
glucose, that led to greater muscle glucose uptake compared to the RT exercise. This effect seems
to be potentiated by the increased insulin sensitivity in the working muscle after exercise, as it was
observed by Dela et al. (350) who demonstrated that a one-legged HIIT 10 x 10 was capable of
improving the enzymatic action of the enzymes citrate and glycogen synthases, both important in

energy metabolism, in both healthy (controls) and T2DM participants. They observed that HIT
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improved the insulin-stimulated glucose clearance by ~30% (which facilitates glucose uptake) with
no difference between groups. When Dela et al compared the untrained limb vs the trained limb,
they observed a significant difference between the two legs. This improvement was only localised in
the trained leg (350). In the present study, then, that same effect, combined with the lower
carbohydrate intake, may have been the reason why the HIT group did better than the other two
combinations. However, the RT and COMBO group’s HbAlc reductions were significantly different
within groups indicating that they are also effective for long term-glycaemic control. However, the
differences for fasting glucose were not significant between pre- and post-evaluation within all
groups, which may be an indication that these exercise modalities must be performed on a regular
basis. After 72 h of the last exercise session, all the differences within groups were similar to the
baseline results. This rationale is also reinforced by the fact that after one session the HIIT and RT
combined with a LCHF diet also did not show any difference between the pre- and the 24 h fasting

glucose assessment in the present study.

Improvements in cardiometabolic health biomarkers

This intervention successfully improved the metabolic health of overweight sedentary individuals,
who showed an improvement in the siMS score for all groups, as a reflection of the similar, and in
most of the cases significant reductions in the biomarkers. After 12 weeks, we also saw the
reduction in C-peptide. C-peptide is an important biomarker that in recent years has been receiving
more attention as its role is now considered to be more than just a surrogate of insulin secretion
and pancreatic cell mass (351, 352). C-peptide is excreted in equimolar proportion to endogenous
insulin but is secreted at a more constant rate over longer periods of time (353). It serves as an
ideal means to identify the presence of T2DM in combination with fasting glucose and BMI (352).
This biomarker holds a close link to cardiometabolic risk factors, a negative correlation between the
level of serum C-peptide and HDL-C concentration and abnormal levels of TG has been identified in
the non-diabetic population (354). According to Lee et al., (354) C-peptide is elevated when insulin
resistance is present. They performed a multivariate analysis and confirmed that central obesity
measured by waist circumference, elevated TG, and HbAlc are the independent predictors of
elevated serum C-peptide level. Their findings support that the nature of elevated concentration of
C-peptide is insulin resistance, and may be associated with the development of metabolic syndrome
(351). For the above, we chose this marker to calculate the ideal sample size for the present

intervention.

There is evidence that C-peptide levels can be lowered with HIIT. Ramos et al. (355), after 16
weeks of HIIT (4x4 @ 85-95% of HRpeak interspersed with 3 min active rest @ 50-70% of
HRpeak) vs MICT (30 min @ 60—70% HRpeak) vs HIIT (1x4 @ 85-95% HRpeak and 3 min of
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active recovery @ 50-70% HRpeak), also observed significant reductions in other metabolic
markers such as insulin, SBP, and DBP. Additionally, non-significant reductions in body mass, %BF
and fat free mass, waist circumference and WHR and an increase in HDL-C was achieved. In our
study the improvement in C-peptide can be explained by the changes in the levels of insulin and
TG, which both improved significantly. Likewise, there was a lowered fasting glucose, HbAlc, LDL-
C, and a modest rise in HDL-C. This was despite the somewhat higher saturated fat intake which
was elevated for all three groups (significantly higher within group only for the HIIT). When looking
at the percentage intake of SFA as total energy, it was significantly increased for all three groups,
as a consequence of CHO reduction. In our study, despite moderate improvements, the lipemia was
similar for all groups. Total cholesterol was unchanged, HDL-C increased slightly without reaching
statistical significance, LDL-C decreased within all interventions but was not significant. Whereas
triglycerides and TG-HDL ratio were significantly reduced for all interventions (p< 0.003). Being a
combination of the LCHF diet and RT, followed by LCHF-HIIT, those who obtained the greatest
magnitude of change was (g=-1.50) and (g= -1.34) respectively.

We also observed using DEXA that VAT was diminished in all three groups which is in agreement
with previous research. For example, Gillen et al. tested the effect of feeding or fasting while
performing 18 sessions of HIIT (10x 60-s cycling efforts at ~90% maximal heart rate, 60-s recovery)
over 6 wk. Eight women were enrolled in this trial and at the end of 6 weeks there were no
differences between fed or fasting states, and even body mass was unchanged, however there
were reductions in abdominal and leg fat as a percentage measured by DEXA (187). A recent
published meta-analysis determined that HIIT is effective for reducing VAT, however due to the
large variety of protocols it is not possible to establish the effect size. It seems that running vs
cycling poses a better impact, however it cannot be established for sure (296). RT has also been
found to be useful for the purpose of weight loss, however its main objective is to preserve or gain
muscle mass. A meta-analysis exploring the combined effect of AET and RT concluded that AET is
the one that is useful for fat loss and a good degree of visceral fat; the inclusion of RT is necessary
but should not replace the time for AET (356). Indeed, RT alone seemed to fail when it came to
reducing visceral fat, in a recent study by Keating et al., they concluded that RT was not effective in
reducing VAT, and added that AET should be included in any exercise programme if VAT is the
target (357). But Vargas et al. observed that when RT is combined with a very low carbohydrate
high fat diet, VAT is reduced, and LBM is preserved. This evidence suggests that it is the CHO
reduction that is responsible in reducing VAT while RT in synergy preserves muscle mass (299).
The reduction of VAT with the concomitant reduction in waist circumference and of course the
significant improvement in the insulin resistance measured by HOMA-IR provides evidence of this

programme’s effectiveness to reduce the cardiometabolic risk factors of MetS.
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Another potentially important finding of this study was uric acid (UA) reduction, because
hyperuricemia has been found to be directly proportional when correlated to impaired glucose
tolerance. Also worth mentioning is that is has been found that UA may be directly related to
fructose intake (358) the presence of a high volume of dietary fructose increases the expression of
UA, LCHF reduces considerably fructose intake due to CHO restriction (124). Hyperuricemia has
also been related to the proliferation of adipocyte fatty acid binding protein (aFABP) (359, 360),
increasing the accumulation of TG and the higher expression of pro-inflammatory markers and
markers of MetS (359, 360). Kawamoto et al. investigated the relationship between high serum uric
acid and MetS, where they found a significant association between serum uric acid and MetS only
in women, while in men, hyperuricemia was an independent risk factor for the incidence of carotid
atherosclerosis (361). A recent review urges the implementation of large clinical trials to establish
the value of lowering UA strategies to reduce hyperuricemia, because it seems it is not just an end
product of purine metabolism but a central player in the development of metabolic and
cardiovascular disease (362). In the meantime, strategies such as those discussed here may be

worth exploring further.

In the last two decades, inflammation has become one of the silent enemies implicated in the
development of metabolic disease. Inflammation is intimately linked to the pathogenesis of T2D
(363) and chronic inflammation may lead to insulin resistance. Since insulin is crucial for the
homeostatic regulation of glucose, lipid, and energy metabolism, an intervention that is capable of
reducing inflammation may be ideal (364). Therefore, having identified that CRP (which is a
reactant, or substance that increases if inflammation is present), has reduced post-intervention is
another positive outcome of the present study. It has been observed that a combination of high-
intensity aerobic exercise and RT, or each on its own, were able to reduce hsCRP, while combined
aerobic exercise and RT had the largest reductions (365). In the present study, COMBO was also
the group that experienced the largest magnitude of change [g=-0.09 HIIT; vs g=-0.51 RT; vs g= -
58 for COMBQ]. Another study (366) comparing high-intensity RT (75% 1RM) to moderate aerobic
exercise for 10 weeks found that the group performing RT had significantly reduced hsCRP,
despite the lower improvements in body mass and cardiovascular fitness. This supports the notion

that high-intensity activity plays an important role when it comes to reducing inflammation.

Blood pressure is another risk factor involved in CVD and this was improved after the intervention.
In the past, exercise interventions combining HIIT and RT, or implementing each modality on its
own, have achieved similar results as ours, where only HIIT, like in our study, was the only exercise
modality to improve SBP after 8 weeks of intervention (196). In another study, after a 16 weeks
intervention, it was reported that HIIT produced reductions in both SBP and DBP (367). The authors

identified that the high intensity level played an important role in improving cardiorespiratory fitness
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which was implicated in blood pressure improvement (367). A more recent study comparing HIIT vs
RT showed that HIIT and RT ameliorated blood pressure (368). These findings along with ours
show that exercise is an effective strategy for improving blood pressure and suggest that high
intensity activity provides a more robust effect for improving aerobic capacity which in turn improves
blood pressure. Indeed, aerobic capacity is inversely related to the presence of hypertension (369).

After the present study was conducted, almost all the parameters were similar and a few significant
differences between the three interventions were noted; we can say that a positive aspect of the
present study is that it can provide the freedom of choosing from any of these modalities to fit the
needs and preferences for those that may benefit from this approach. However, in the absence of

diet-only and exercise-only groups, it is not possible to dissociate the LCHF diet effect.

Under these circumstances, we can say that the LCHF diet contributed to these improvements
because of the difference in macronutrient composition, as it is evident between pre- and post-
dietary assessments. The reduction in CHO especially is a strong and positive argument in favour
of the LCHF diet. Indeed, high CHO intake has been implicated in the development of metabolic
syndrome, a study by Kwon et al. (107) looking at the patterns of CHO and FAT intake (in a
population of 6737 males and 8845 females), found that irrespective of FAT intake, MetS increased
in males with higher CHO intake, whereas in females, the risk of MetS was more prevalent in those
females with lowest FAT intake and greater CHO proportion. In our study we observed a reduction

in the siMS score after 12 weeks of intervention, which may reduce the progression of MetS.

Another point in its favour that the LCHF diet poses for metabolic health, is that it encourages a
greater intake of vegetables, and to a lesser extent fruit, that are nutrient dense while at the same
time discouraging the consumption of processed foods. In the present study we observed a positive
change and larger intake of these foods that allowed our participants to maintain a similar fibre
intake between baseline and post-intervention (p= 0.217). The increase normally found in LCHF
studies (370) mainly comes from non-starchy vegetables that are lower in CHO, rich in vitamins and
minerals and in our study was preferred to other CHO sources. Because CHO intake is reduced,
circulating glucose levels are lower and insulin levels tend to decrease; this in turn improves insulin
resistance. All groups in our study had improvements in both fasting insulin and insulin resistance
(HOMAZ2-IR) as previously mentioned. The added sugars intake, another component of the diet,
could have been implicated in the reduction of these two parameters. As previously discussed (see
lipids), the substitution of added sugars and refined starches with unsaturated fat and egg protein
caused a reduction of 18% in triglycerides levels in other research (371). In Maki et al. study, CHO

intake was even higher than ours, which indicates that even a small reduction in added sugars can
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improve triglycerides levels. This is supported by a statement of the International Atherosclerosis
Society position paper that states that diet composition independent of energy intake and body
weight may have an influence on the metabolic profile (372).

This outcome should be used as an indication of the possibility of LCHF diet combined with any of
these three exercise programmes as an effective strategy for improving fasting insulin levels and
insulin resistance. This is a typical result for the LCHF diet, observed in previous studies comparing
LCHF diet and other type of diets, especially HCLF diets (46, 107). When comparing our study with
previous studies investigating dietary intakes (373, 374), we found similarities in eating patterns at
baseline, which show a moderate PRO intake, greater CHO and a lower fat intake. Looking at
metabolic improvements, it may be possible to indicate that after this intervention, these
modifications were effective in improving metabolic parameters and diet composition, and took
place with the initiation of the LCHF diet. Having a diet-only comparison group could have been
desirable to isolate the diet effects and measure the extent of unwanted adverse effects, however

the resources and the number of participants made that a non-viable alternative.

Unwanted adverse effects

For some individuals, where a minimal but statistically significant LBM loss occurred, we
recommend a close supervision by a qualified nutrition and exercise expert to adjust protein and
energy intake and avoid this from happening. Prior to the beginning of the study, all participants
were instructed to round up their protein intake ~1.5 g+kg, was intended to avoid any LBM loss and
since the diet was ad libitum but it wasn’t enough. We were not expecting to have any significant
loss, based on research such as that by Sartors et al. who also used a calorie-restricted low
carbohydrate diet with a protein intake of ~1.2 g+kg™! and they did not observe any LBM loss (207) .

A posteriori, it seems that the spontaneous energy intake reduction that is mainly caused by a
reduction in CHO (24), is what helped participants adhere to the diet, especially when the CHO
restriction is not conducive to dietary ketosis (24). When it is combined with the greater energy
expenditure of a HIIT exercise session three times a week for 12 weeks, it may have increased the
energy deficit over the days of training study that was not covered by any additional food intake.
This energy deficit may have recreated what Backx et al. (293) observed in individuals following a
restricted weight loss diet with 1.7 gekg* of PRO intake (which was about the average PRO intake
in the present study ~1.4 g+kg™), was not enough to avoid LBM loss. They concluded that a normal
protein intake may not be enough (even if it is twice as much as the RDI for a healthy adult) to
maintain LBM despite individuals not following any specific exercise programme except for

maintaining their habitual exercise/physical activity (293). In this respect, a recent review
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researching the appropriate PRT intake for muscle accretion, provides evidence to explain that
during negative energy balance the need for protein is greater than the normal protein intake and it
recommends 2.3-3 g of PRT intake is required for muscle hypertrophy and preservation during

times of energy restriction while performing exercise training (217).

A minimal yet significant BMC reduction for HIIT and RT (g= -0.04) but not COMBO (g= -0.02) and
LBM reduction for HIIT (g= -0.07) and COMBO (g= -0.01) was also observed. The RT group was
the only group that maintained LBM (g= 0.00), which shows that RT in our sample had a protective
effect which is ideal in combination with the LCHF diet. These undesirable events may have
something in common, muscle mass requires a positive energy balance. Energy intake was lower,
and the energy deficit greater despite the higher protein in relation to baseline, it wasn’t sufficient
enough to prevent this happening; due to CHO restriction and exercise energy expenditure, this
wasn'’t the case for HIIT and the COMBO but not significant for the latter. Apparently HIIT oxidises
more energy than RT despite the iso-time and quasi iso-effort as we observed in the acute effects’
study. That energy expenditure added to the energy deficit of CHO restriction may have caused a
larger deficit that triggered LBM loss. According to a study conducted by Courteix (287), a negative
energy balance and LBM loss are significantly and independently associated with BMC reduction.
These events may have influenced these two inconveniences. However, the absence of a
significant BMC loss in the COMBO group raises doubt. To make a more solid conjecture for the
possible cause of that result warrants more research to identify what could have influenced the
COMBO. Other studies that have used a greater carbohydrate restriction and similar energy intake
have not reported BMC loss, which warrants more research (290, 375, 376). However, it may have
been the additional energy expenditure as a result of exercise. Given that it provides sufficient
energy and enough protein, the consumption of the LCHF diet for months/years has not been found
to lead to adverse effects (89, 377, 378). Therefore, it may be recommended to have a close
control of protein and energy intake while concomitant with HIIT. Quite recently Heikura et al. (288)
shown that LCHF combined with exercise may negatively influence markers of bone turnover at
least in short term. This may be triggered by energy deficit. There is evidence that a significant
calorie deficit may trigger this (379, 380).
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What is the additive effects difference of combining HIIT+RT to LCHF

on cardiometabolic risk factors?

An advantage of adding both exercise modalities to the LCHF was the larger magnitude of change
in aerobic capacity, that combined with the ability of RT to spare LBM, probably translated in a
greater RMR for COMBO. Both COMBO and RT had greater energy expenditure (RMR).

Indeed, the literature gives many examples of how the addition of RT to aerobic training provides an
advantage vs the use of any of the two in isolation; it seems they both act in synergy providing a
more potent effect for improving metabolic health. A recent meta-analysis found that HIIT and RT
are more effective in improving aerobic capacity than other exercise modalities (381). In the present
study we observed a larger magnitude of change in aerobic capacity for the COMBO in line with this
meta-analysis. While another found that concurrent HIIT and RT does not interfere with each other
for the development of strength performed (340), we also observed that HIIT, RT and COMBO all
increased participant’s strength for the upper and lower body. The non-significant difference
between pre- and post-assessment for upper body strength for HIIT may have been a matter of the

lack of upper body exercises for that group during the present intervention.

What is the adherence and acceptability of this dietary and exercise

combination?

The LCHF diet was well tolerated, with no adverse reports being filed during the intervention; in fact
this in combination of all three exercise modalities improved wellbeing. This was indicated by an
improvement of the total mood disturbance (TMD) for all combinations as measured by POMS.
Despite the exercise training not being supramaximal, it involved the performance of high-intensity
exercise that was not compromised by the low intake of carbohydrates throughout the intervention.
Similar findings were observed by Cipryan et al. who reported that the intake of a VLCHF diet did

not impair the performance of high-intensity interval training after 4 weeks of training (382).

Adherence Dietary intervention

It was noticed that participants were compliant with the programme and assumed a great
commitment for keeping the nutritional target of, or less than, 100 g of CHO during the entire
intervention. Research shows that this modest but effective carbohydrate restriction is more
manageable and individuals are less troubled by having a larger reduction of CHO per day (383).
Adherence was reflected in the food diaries and food frequency questionnaires. This was also

demonstrated during the exercise training sessions where participants shared with their peers
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anecdotes of what they were doing at home. These exchanges during the training sessions were a
good indicator of an enhanced motivation. The profile of mood states (POMS) score improved after
12 weeks of intervention, with no difference between groups. Participants reported that the actions
they engaged in during the programme regardless of group was tangible on their health. The key
motivators were almost the same for the majority of participants. These were: 1) the realisation of
self-improvement reflected in the sense of feeling healthier; 2) being able to wear clothing again
that they were previously unable to fit but was kept because it was meaningful for them. Where only
a few weeks into the programme it was referred to as an excellent gauge to recognise their effort
was worth it; and 3) increased physical strength for coping with everyday life, lifting objects, and
better mobility. This was not simply because of the thought that they were getting old but also
because the physical effort required for doing those actions was the same as when they were
younger. All of these were potent motivators which is in line with the study by Lanoye et al. (384).
Most of our participants (>30 y) were more motivated, with those motivations concerned with
healthy outcomes rather than appearance. Which was in line with our programme design, directed
to improve metabolic health and was the motive behind the advertisement of the present study used
losing excess body fat to feel healthier in the advertisement and implied that by doing so they would
also look better; however we attracted a few individuals that can be described as emerging adults
(18-25 y age group) that are normally inclined to favour appearance more than health motivations
(384). These individuals were showing, an overlap between the motivation of being healthier and
the motivation of losing weight for aesthetics only. In other words, most of our participants wanted to
lose weight, because that was the path to achieve their main motive for being in the programme
which was to be healthier. While the youngest was to look better by losing weight having as a side
effect a better health which was also a motivator to maintain their participation during the 12-week
trial.

We observe positive peer pressure, coming from constant contact and interaction with other
participants doing the same programme and being successful, and looking, feeling, and acting
empowered by the intervention. Indeed, when individuals are following healthy habits there are
physical and cognitive benefits that allow them to realise they are improving their body composition,
emotional well-being and self-concept, and reducing the risk of CVD, stress, and anxiety (385). In
the literature there is evidence that positive peer pressure can serve to positively influence the
actions of participants (386) making them stay engaged in the programme. In line with the results of
Young et al. (387) that identified these behaviours have also been recognised by others to be
effective for .-maintaining individuals on target, when dieting or in an exercise programme. Recent
research by Halali et al. (388) also supports the proposition that health, wellbeing, maintaining
mobility and the ability to work were top motivators for successful weight management, while lack of

time and stress were identified as the top barriers for successful weight loss and management.
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Adherence to exercise programme

The combined adherence between all groups of the present study was over 90% attendance of
exercise sessions, and there were no differences between groups. The attrition in our study was
unrelated to the study intervention and it was lower for HIIT 1 (5%) vs RT=4 (24%) vs COMBO=3
(18%). Among the participants that quit the intervention, either at the middle or at the end by not
showing up for their assessment appointment, the majority, if not all expressed that they would
have continued until the end of the intervention if their circumstances were different. A participant
from the COMBO went even further to show appreciation for the researchers, expressing that the
reason for quitting was that he “already knew exactly what to do to continue on his own”, after that
he apologised for his decision and left. In general, attrition rates for nutrition and exercise
interventions are between 25-50% (160, 383) due to time constraints, personal and work related
issues; our study is slightly lower with an overall attrition of 15%. Which have been influenced by
constant supervision and encouragement during the study, which has been reported to increase
adherence (389).

Iso-time and iso-effort as a measure of adherence to exercise prescription

A very important part of the programme was that both exercise modalities needed to be of the same
exertion for the participants in each of the groups, to assure the goal of providing the same or as
closely as possible, to make the comparisons for this study. The mode to equate all exercise
groups’ modalities was by matching it iso-time and quasi iso-effort. Using a chronometer, exercise
was successfully administered in 10 x 1 min interspersed with 10 x1 min of rest. Exercise effort was
measured by RPE 6-20 Borg Scale. Exercise was successfully matched for effort and corroborated
by obtaining the session RPE over the last 6 sessions of each exercise modality (MRPE for HIIT=
17.2 vs 17.5 for RT). The literature provides evidence of the utility and acceptability for prescribing
and quantifying exercise intensity/effort using the 6-20 Borg scale (224, 238). On the other hand,
despite effort and time being successfully paired and corroborated, it was perceived that effort was
similar between exercise modalities. Interestingly, the HR was observed as higher for HIIT
(equivalent to 90% HRmax as per prescription). The possibility here was that the HR as a
consequence of the speed of movement during the muscular contraction in RT was not fast enough
to elicit the requisite cardiovascular response. Indeed Kaikkonen et al. used the speed of movement
to adjust the target heart rate for RT in their programme (244). The research confirmed this;
Francois et al. compared upper body vs lower body SIT and found that the average heart rate for

upper vs lower body was the same even though the resistance used was proportional to muscle
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mass. In absolute units, the resistance used for the leg exercise was larger, yet the exercise heart

rate was not different between the upper and lower body exercise (243).

Facilitators and barriers, adherence motivations

Using a social-ecological approach main facilitators and barriers were identified using a group of
questions that were adapted from previous research and checked for face validity for using it with
the participants of the present study. The social-ecological model sees that behaviour is modified by
the environment at five levels, intrapersonal, interpersonal, organisational, community and public
policy (390). The study centres its interest in the first two aspects to try to understand the origin of
the motivation and how it may influence lead to modifying the behaviour during and after this
intervention (309). The qualities of the LCHF diet, referring to the needless requirement of counting
calories, the easiness to follow the diet, and the content of carbohydrate as the only requirement to
worry about; are facilitators of the intrapersonal level. They added to the quality of the exercise
"short and intense" that was effective also an intrapersonal facilitator, were adding together to the
sense of wellbeing most likely because of the physical improvements participants also reported. In
addition to the support resources (diet app, website, and researcher). These also intrapersonal level
facilitators were reinforced with the positive reinforcement of peer and group support along with the
family support; were strong motivations to adhere to the intervention. All these viewed through the
optics of the social-ecological framework, that states behaviour is modified knowledge, beliefs and
self-efficacy, at the intrapersonal level (314, 390). While attitudes and behaviours (interpersonal
level) are also modifiers of conduct (309). Similar findings have been published by Mayer et al.
(309) found that exercise adherence increased as a result of positive feedback and group support.
Also, Tulloch et al. found that peer/group support from family, health improvements, the sense of
well-being and fitness benefits were reported as facilitators from individuals adhere to exercise
(391).

To this extent, the observed barriers the reluctance of family members to follow the same LCHF diet
approach or not wishing to get involved in the process of participants (interpersonal barriers) were
not potent enough to reduce adherence that was sufficiently motivated by facilitators reported by
participants. Probably as a result of positive peer pressure that has been found a very potent
motivator (392).

Follow up, six months after the end of the intervention.

After six months of the last assessment a follow-up took place. It was expected that a larger number

of participants would turnout for this 6-month follow-up. Unfortunately, due to the low numbers no
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statistical analysis was performed. This result was poor and as a consequence of the small
numbers no solid conclusions could be made and only applies to these individuals. In the literature
there is evidence that follow up after 3 to 12-week interventions reported greater compliance after 6
months or even a year. It is possible to compare those participants that remained more active and
compliant with the diet, are those that are showing greater results (316). However, those studies
that reported a small dropout rate at follow up, had structured visits within the follow-up period.
These regular meetings were used to weigh participants and use that time for resolving doubts
(316, 317). In the present study, participants mentioned in the final questionnaire that the absence
of a facilitator was a factor that may have helped to maintain both the exercise and diet. The poor
response of participants to return for the follow up assessment was the reason that no follow up

procedure took place.

Nevertheless, from the results obtained, it was possible to observe that a great number of
participants returned to a higher consumption of carbohydrates and only two participants were
following their diets more closely than the rest. These two participants continued to lose weight and
improve their body composition even further as they continued to rely on each other. It seems that
an important element that made these participants compliant during the 12-week intervention was
the constant contact during the exercise sessions with the other participants and the principal

researcher to solve any doubts or queries as they arose.

Exercise-wise, a similar pattern was observed. Those who remained more active seemed to have
better outcomes, however it was not possible to observe a clear pattern in the results. By contrast it
was evident that most of the participants discontinued the training as such and replaced it with
sporadic sessions of high intensity with moderate intensity walking throughout the week. Only two
participants continued exercising closer to their prescription; that is three or more sessions of 20

minewk1.

Of all participants, also those with the lowest CHO intake were those who lost more weight —
however, this did not manifest in lower glycaemia. This is probably because of their inconsistency
with their exercise regime. It seems that the structure of the sessions and the systematic repetitions
3/wk /12 weeks made the difference. In summary, there was an indication that those participants

with self-compliance with the programme had better biomarkers and body composition.

In terms of the facilitators and barriers, after being 6 months on their own, participants reported that
those facilitators related to the intrapersonal level absence became the main barriers to the self-

adherence of the exercise and nutritional intervention after the end of the 12 week supervised
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programme. Being the absence of a group support, nor having interaction between fellow
participants probably played the main reason why they did not continue. There are several
examples of published papers that point out that not having support is one of the main barriers
reported (315, 391, 393, 394). While others have found that the presence of professional support is
an important facilitator that besides enhances the success of an intervention (308) it is necessary to
assure adherence post intervention participants require ongoing monitoring and encouragement
(308).

Strengths and limitations
Strengths

One of the strengths was the robustness of the comprehensive assessments at all time points.
Constant supervision and continuously being monitored throughout each session during the study,
was also a strength and helped with diet adherence also. The acute exercise assessment (Chapter
2) allowed a better understanding of the influence of an individual session on the training effect. The
statistical analysis was selected according to the behaviour of the data to assure the best reflection

of the intervention; in other words, to match its behaviour to ensure its validity.

Limitations

Our study had limitations despite all efforts to minimise them. A) Sample size was small and having
a larger sample size per group probably would have allowed differences to be seen between some
parameters that had small variation between the participants. B) The second limitation was the
number of experimental conditions. Having a diet and exercise only per condition, would have made
it possible to isolate diet and exercise effects and let us calculate the extent of the effect per
condition. C) We were not able to include all participants in the control phase of six weeks, nor
complete 12 weeks for the control period. Ethically it is difficult to justify instructing a cohort
identified as inactive and perceived overweight to continue with habitual inactivity. Second of all, the
limited resources did not allow us to include all of the participants even for the six-week period.
Participants needed to be randomised twice. Once to integrate the control period and the second
time to obtain the experimental groups, that as we had to include them all in the experimental
groups as well and having participants idle for that long we would probably lose them from the study
if we had to wait three months for the control period to finish. Not having a control period of the
same duration does not allow the experimental periods of the control phase to be compared.

Qualitative analysis was carried out only by the main researcher, therefore strict methodology was
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implemented to reduce subjective bias. Finally, not having the resources to be able to connect with
participants post-intervention meant that most were lost to follow-up, thus we are unable to

establish differences between groups 12 weeks post-intervention.

Practical applications

Firstly, this nutritional and exercise programme can be replicated and adapted to individual needs
and used for multiple purposes related to any of the metabolic risk factors associated with the MetS
that were improved after 12 weeks of intervention. RT may be used when losing muscle mass is a

concern. Any of the three combinations could be adopted to improve aerobic capacity.

This programme can be used to improve and gain strength and aerobic fitness for individuals that

wish to reduce their cardiometabolic risk and improve health.

Future Research

e First of all, the two findings that provide more questions than answers of causality must be
fully investigated until it is known what the reason was, and most importantly, how to avoid

the undesirable outcome of LBM and BMC loss.

e A study that closely monitors and tracks the food intake specifically of protein intake. Using
weighted food diaries and professionally administered instead of self-administered
questionnaires. Also assessing body composition half-way through or even three times to

establish when the greatest impact on these measures occur.

e A study using a greater protein intake (~2.3-3.1 g<kg+d) which has been recently

recommended for periods during weight loss to promote lean body mass retention (217).

Conclusions

Acute responses

e Both HIIT and RT were performed iso-time and quasi iso-effort, and HIIT provide a
significantly greater energy expenditure; this might indicate that HIIT provides a more

favourable stimulus for weight loss.
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The similar responses of HIIT and RT for testosterone, cortisol, growth hormone and
glucose at all time points (15 min post and 24 h post) might indicate the similar effect of
both exercise modalities was due to exercise load rather than volume. RT had a slightly
higher magnitude of anabolic hormone response which may give some anabolic advantage
and that was reflected in the muscle mass preservation of that group and the better result of
COMBO vs HIIT (g=-0.01 vs g= -0.07 respectively).

Having a LCHF diet does not impair exercise performance acutely and probably influenced

the expression of IL-6 post-exercise, favouring an anti-inflammatory effect.

Chronic responses (12 weeks)

HIIT combination may be a better modality for weight management and an excellent

strategy for improving aerobic capacity.

The addition of RT to LCHF has a muscle sparing effect while it improves strength and

aerobic capacity.

Evidence suggests that combining both exercise modalities in addition to the LCHF diet
provides similar effects to any of the two exercise modalities alone, except for an additional

muscle sparing effect; however, this difference was not statistically significant.

More research is needed to be specifically directed on the aspect of potential BMC loss in
some participants to identify the effects on bone health and clarify this very important health

concern.

Finally this thesis provides evidence that these interventions HIIT, RT or COMBO plus
LCHF diet may be an important tool for the prevention of cardiometabolic risk factors and
stop the progression to cardiometabolic disease suggesting further research to continue
expanding the knowledge of applying carbohydrate restriction and high-intensity iso-time

and high intensity quasi iso-effort exercise models.
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Executive Secretary
Auckland University of Technology Ethics Committee

o R ——— yor ag [
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Appendix C Informed Consent Form

page 1 of 1

Consent Form &[m F

UNIWVERSIT?Y

L AARRH A s Rl O Tas e e AL Tald

Praoject title: Novel Combination of Exercise and Carbohydrare Restriction for

Merabolic Health

Project Supervisor: Dr Nigel Harris
Researcher: Abelardo Gil-Sotomayor

o

| have read and understood the information provided about this research project in the Information
Sheet dated 25 June 2015.

o | have had an opporunity to ask questions and to have them answered.

o | understand that | may withdraw myself or any information that | have provided for this project at any
time prior o completion of data collection, without being disadvantaged in any way.

L] | am not suffering or have history any disease, condition or characteristic that it is stated in the
exclusion criteria of the information sheet that | have read and if anything of this arises during the
time that the study takes place | agree to immediately inform the primary researcher or the
supervisor of this study.

o | agree to provide blood samples and undertake all assessments that are stated in the information
sheet that | read and fully understand their purposes.

o I agree to provide my GP's contact information and in order fo assure my wellbeing, | authorise the
researcher fo confact my GP in the even! of any abnormal rezulf iz found dunng any fime of this
siudy, especially affer blood samples have been analysed. Thiz personalized abnormal findings”
repart will contain my name and the abnormal iinding(z) and the date when it was found.

L] | agree to take part in this research.

o | wish fo receive a copy of the report from the research (please tick one): YesQ MNoO

o | wish fo have blocd samples retumed to me: Yes O MoQ

Participant’s name:

Participant's Contact Details (if appropriate):

Phone/maobile -

Address :

Participant GF's name and contact details :

Mame :

Phone :

Approved by the Auckland University of Technology Ethics Committee on 1 July 2015 AUTEC Reference
number 1541594

Mote: The Participant should retain a copy of this form.
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Appendix D Advertisement

HUMAN POTENTIAL CENTRE AU

WHIVIESITY

Novel Combination of Exercise and Carbohydrate Restriction for
Metabolic Health Study

Advertisement

If you are a male, between 18-55 years old, sedentary (less than 150 minutes of
structured exercise per week}, uverwengl'it and yuu are willing to change your diet, and

someone that mlght match thls dEEI’IptIDrI thls muh:l be for ‘i"DUl

This is an invitation to participate in an exercise and nutrition programme that is going
to be used to investigate how a combination of high intensity interval training,
resistance training and a low carbohydrate high fat diet that are now widely
recommended in gyms all over New Zealand and the world.

Research has shown that structured exercise and improved nutrition, as these tools
are capable of addressing all of the metabolic imbalances associated with type 2
diabetes mellitus and other early stages of metabolic disease either alone or in
combination.

For more information, please click here or contact Abelardo Gil-Sotomayor at
agil@aut.ac.nz or Dr Nigel Harris at nharris@aut.ac_nz
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Appendix E Information Sheet

page 1 of 7

Participant AW

Information Sheet ::::o:

Date Information Sheet Produced:
20 July 2015

Project Title
Twelve Weeks for Metabolic Health.

An Invitation
Hello my mame is Abelarde Gil-Sotomayor, a PhD Candidate at AUT University, and a Coasiguard
volunteer in Browns Bay. | have 10 years of expenence in providing nutrition and exercise consultation.
Before coming to Mew Zealand | was a Certified Dietitian and Chief of the Mutrition and Exercise Division
at Cardiovascular Institute of Puebla in Puebla, Mexico; a medical institution that is devoted to improving
and preserving cardiovascular health.
| came o Mew Zealand because of the similarities with my country, in terms of good people. cultural
diversity, and a high prevalence of type 2 diabetes, or its precursor known as metabolic syndrome. The
latter has been my primary professional interest, because it can be PREVENTED!
Far this reason and to obtaim a PhD in Health, | wish o invite you to participate in this research that |

believe will contribute to combatting type 2 diabetes in Mew Zealand, my new country, and around the
world.

Therefore your participation would be greatly appreciated and | believe of value to you.

Please be aware that if you freely decide io participate you are also free o withdraw at any time if this is
your desire, so don't feel obligated to finish; nevertheless what I'd like is for you io finish the study happy.,
satisfied and healthier than what you are just now.

Therefore it is important that you know that this study has come a long way, it has been very well thought
and planned without mentioning it has undergone an extremely high and thorough scrutiny to put in place
what | am offering for you today.

| comsider that your wellbeing is the most important thing to look after, so | can assure you that the
minimal risks involved are greatly outweighed by the benefits this research may bring to you amd to

SCIEMNCE.

So now the decision is yours, but before you decide please read further to answer questions that you may
already hawve regarding this invitation.

Sincerely,

Abelardo Gil-Soctomayor MSc, MA, BSc

e e
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What is the purpose of this research?
To improve the metabolic health of participants
To ocbtain a PhD in Health {Abelardo Gil-Sotomayor)
To inform which of three novel combinations of exercise and nutrition is more effective in improving
WH: health of individuals at risk of metabolic disease (e.g. type 2 diabetes, cardiovascular disease,
To produce various scientific publications in peer reviewed journals, and conference presentations.

How was | identified and why am | being invited to participate in this research?

fou hawve received this information because you responded to an advertisement of any of the following:
AUT related print or online media; Coastguard Morth Shore, or; Waitemata District Health Board.

In any study there are inclusion criteria, in other words YiOU will be eligible if you are:
*+ A Male or Female aged between 18-55 years.
* Sedentary (less than 150 minfweek of self-estimated physical activityexenise ).
* Regardless of your sex you have a body mass index of equal or more than 25, but less than 38
kg'm?, this is obtained dividing your weight in kg by your squared height in meters and the result
is & positive number known as body mass index or BMIL

* |f you are a female, a waist circumference of equal or more than, 82 5cm, whereas if you are a
male, waist circumference of equal or more than 98.5cm near the belly button.

* Mot more than 150 minutes of structured exercise and

* A waist-to-hip ratio of more than 0.85 if you are a male, and of more than 0.85 if you are a
female. This is calculated dividing your waist circumference in cm by your hip circumference in
cmi. The latter is measured at the widest point of your buttocks.

Research suggests that these parameters are predictive of impaired glucose tolerance (IGT). which
i5 used clinically fo diagnose a pre-diabetic condition (Eamest et al. 2013).

Because | want you to be safe the following exclusion criteria apply:

*  [f you are under medication or have a condition that has a direct effect on the cutcome measures
or your ability to perform intense exercise or you don't have the time.

*  [f you hawve systolic blood pressure (BF) = 180 mmHg andlor diastolic BF = 110mmHg
*  [f you are a using insulin or a type 1 diabetic

#» History of myocardial infarction, angioplasty, comonary arery bypass or cerebrovascular
ischemia/stroke; symptomatic congesfive heart failure; atrial flutter; unstable angina; unstable
pulmonary disease; second or thind degree heart block

* [f you are taking medications known to affect heart rate (such as beta blockers), or use of other
medication that may interfiere with study cutcome measures

*  [f you hawve history of alcoholism, drug abuse or other emational cognitive or psychiatric problems

s [f you wear a pacemaker

e s
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[ you hawve any other condition or disease that could impair the ability to exercise.

*  [f you are following already a low carbohydrate diet (less than 150 g of carbohydrate per day).

What will happen in this research?

It is an exercise and nutrition programme (study), and is going to be administered as a randomised
conirol study where you are going to be randomly assigned to one of four groups.

Then all participants will undertake a comprehensive assessment Data obtained will be used fo
customise the exercise and nuirition programmes if you are assigned by chance, to one of the three
exercise and diet groups. If you are in the control group you only have to continue doing what you
normally are doing right now.

The comprehensive assessment will consist of three wvisits that will be scheduled within two weeks to
minimise the time you have to spend in any one visit and avoid having you just waiting:

#» Fasting blood analysis, for your comfort an experienced phlebotomist will be taking the blood
samples. [5-10 minutes).

# Maximal aerobic capacity test, in order fo assess your cardiorespiratory capacity. This will take
place in the same lab that elite athletes like Ohympic gold medallists Eric Mumay and Hamish
Bond have been tested! (10-15 minutes)

#» Strength assessment which consists in performing two simple exercises to know how strong you
are. {10-15 minutes)

#* Body composition assessment using dual energy absorptiometry (DEXA) performed at Auckland
Haospital know exacthy how much muscle you have and fat mass and your bone density! (20 -25
minutes).

» Dietary assessment, 1o let you know exactly the distribution of your nutrient intake, for this | will
teach you how to accurately measure what you eat, using cups, spoons and teaspoons. Then
you will only have fo write it down and fill an online gquestionnaire (food frequency questionnaire
and a food diary for two week days and one weekend day). That simple!

# Resting energy expenditure rate, to know how much energy do you spend at rest amd your
carbohydrate and fat utilisation rates wsing indirect calonmetry. A non-invasive technique that
requires you to breathe through a mask that collects your expired air and forces it into a chamber
whiere the air is mixed and dried from meisture and two sensors measure the expired gases,
oxygen and carbon dicwdide then the a computer does the rest, while you are caimed and relaxed
in @ comfortable lying position (20- 30 minutes).

» MNon-exercise related thermogenesis which is to measure your physical activity patterns, this
study is performed by wearing an accelerometer for 7 days on your waist. It is simple and easy
and you have nothing to wommy about. At the end you will returmn the device and | will do the rest,
that is to calculate your physical activity patterms while not exercising and how much energy do
you spend on your daily activiies.

-_— v —— S T —
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The four possible groups are:
+  High intensity interval training (HIIT) + low carbohydrate high fat diet (LCHF) group (A)
*+ Resistance training (RT) + LCHF group (B)
* HIT +RT + LCHF group (C)
+ Control group (D}
Whiy these combinations?

Recently, attention has been tumed fo high intensity intermittent exercise (HIIT) as a very potent and versatile
exercise modality as it has been shown to improve blood sugar conirol, promote weight loss and improve lipid
profile (e.g. cholesteral, tighycerides). OF highlight is its ability to produce these metabolic enhancements in
as fitthe as 10 to 20 minutes reducing considerably the time committed to exercise and tackling the most
common perceived barmer fo exercise by people which is “lack of time™.

Resistance training (RT) has also proved a potent component in diabetes prevention and treatment.

Every well-structured preventive or treatment intervention should also provide nuiritional guidance to people
suffering or at risk of developing T2DM. Carbohydrate content of the diet is crucial to contribute to adequate
glucose control; in this respect the low carbohydrate nutritional approach has proven fo be effective in
coninolling ghecasmia and body weight.

At present there have been no studies that hawve combined the three most effectve means to ameliorate the
metabolic condition of pre-diabetic or individuals with metabolic syndrome, nor compared these exercise
modalities (HIIT vs BT ws both) equated by time while following a lower carbohydrate nuiritional intake.

What involves being in groups A-C7

You will be given a customised exencise and nutrition plan that you will have to follow as closely as possible,
you will receive personal assistance to implement your new diet with as much ease as possible. Be patient,
changes are difficult but will pay off!

You will have io attend and meest B5% of all sessions, which will be held three days a week to perform your
personalised exercise programme at the best that suits your schedule, please consider that you and | have
other responsibilities but will try fo match your requirements as much as possible all will last for about 30
minutes.

By week four you will be tested on the acute effects of your assigned exercise programme to help mefus find
out how similar or dissimilar these exercise modalities are.

On the other hand if you are assigned to the comtrol group:

If you are assigned to the control group you play a very important role in this imnvestigation just like any other
participant.

Your role is to cerlify that the changes in the intervention groups have not happened as a result of chance.
Therefore you will receive the same care for the duration of the study as anybody else.

You will be evaluated in the same fashion.
Youwr task is to maintain what you nomally do, and make sure to maintain the same behaviours, eat what you
normally do not more but not less, for example if you are used to hawve a pizza on Fridays, then do so.

Likewise your physical activity patterns, keep them the same, for example if you walk your dog every other
day, you will have to walk your dog every other day.

R T
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This maybe tough but, with this you are helping us exactly the same way like anybody else participating in this
study, and perhaps more because without you we will not be sure that what happened was due to chance or
the intervention.

In retum what you'll have is:

a) The chance fo choose which exercise programme you would like to begin after these 12 weeks, you
will have three choices:

-High intensity interval training [HIIT)} cnly
-Resistance training (RT) only
-HIT + RT

b} The chance to decide whether or not you would like to change your diet and give it a try to the LCHF
we recommend it but it is your choice.

) You will receive personalised nutrition and exercise programmes and the right to come to train with us
while we tune your programme and get you started. Please remember all this will be free of charge to you,
the only thing that we like you to do is to make an appointment every time you would like to come for
checking gym availability, as we are very busy at AUT improving Mew Zealanders health

What are the discomforts and risks?

Blood draws involve a degree of discomfort but it will be minimised as an experienced phlebotomist will
High intensity exercise may provide some discomfort as it is “intense”, this will be minimised as the
nature of the exercise programme is “progressive” it will allow you as a participant to adapt gradually
imposing an attenuated effect of exertion as you will be getting fitter. Which actually will provide you with
a sense of achievement which is extensively reporied in exercise research.

In addition you are going io be thoroughly supervised and constantly reminded you can stop or express
your discomfort to take comective actions.

How will these discomforts and risks be alleviated?
For blood draws it will be minimised as an experienced phlebotomist will be doing this task.
Intensity discomfort will be minimised as the nature of the exercise programme is “progressive” it will
allow you as a participant to adapt gradually imposing an attenuated effect of exertion as you will be
getting fitter. Which actually will provide you with a sense of achievement which is extensively reported in
exercise research.

To avoid embammassment when training, all fraining sessions will be private.

In addition you are going to be thoroughly supervised and constantly reminded that you can stop or
express your discomfort to take comective actions.

- T — So— — —
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What are the benefits?

You as a participant will be offered a cdlosely supervised and monitored nutrition and exercise
programmes that has been proven guite effective in reducing the likelihood of developing a cardio-
metabolic disease that elsewhere it would cost an excess of 52,500 MZD.

For the lead researcher (that is me) is going to give me access to obtain my PhD in Health, and very
valuable experence of how fo administer and conduct a randomised controlled trial and other skills that
are invohved when you are the primary researcher.

Tao the wider community, this research will help to establish if HIIT and RT provide an equal or dissimilar
effect to ameliorate cardio-metabolic risk factors when combined with a LCHF or if the combination of
both and a LCHF is a betier altermative. In addition if outcomes are as expected it may provide valuable
information to reduce the number of type 2 diabetics worldwide.

What compensation is available for injury or negligence®
In the unlikely event of a physical injury as a result of your participation in this study, rehabilitation and
compensation for injury by accident may be available from the Accident Compensation Corporation,
providing the incident details satisfy the requirements of the law and the Corporation's regulations.

How will my privacy be protected?
Address any issues of confidentiality that hawe not already been identified in the sections on discomforts
and risks. Remember that anonymity means that the researcher does not know who the participant is; in
all other cases the issue is one of confidentiality.
As a participant you can be sure that your name or any reference to you will not be made, once you
become a participant you will receive a code so all documents that may be generated will contain this
code if the data pertains fo you or any other participant. Therefore it won't be possible to identify you.

Drespite this strict comtrel any individual that may interact with you as a participant or your data will sign a
confidentiality agreement.

What are the costs of participating in this research?
What you hawve to invest in this study is time.
All the assessmenis will take place over the course of two weeks, that you will have to attend for three
occasions for up to 60 minutes the first two and up to 120 minutes the third time. These will happen in
three occasions separated by 12 weeks and & months respectively. Groups A-D

Exemise sessions will last up to 30 minutes three times per week for 12 weeks. (In case you are in one of
groups A-C.

ot
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What opportunity do | have to consider this invitation?

One week from the moment you receive an informative pack and be clearly explained the study and the
contents of this information sheet.

How do | agree to participate in this research?
The day you attend to a pre-screening session is when you will sign the Consent form.
Will | receive feedback on the results of this research?

Yes you will.

What do | do if | have concems about this research?

Any concems regarding the nature of this project should be notified in the first instance o the Project
Supervisor, Dr Niged Harriz, nhamisi@aut ac.nz, +54 3 921 3993 ext. 7301,

Concems regarding the conduct of the research should be notified io the Executive Secretary of AUTEC,
Kate O'Connor, ethice@aut ac.nz, 321 DB0Y ext 6038,

Whom do | contact for further information about this research?
Researcher Contact Details:

Abelardo Gil-Sotom ayor agili@aut ac.nz,
Project Supervisor Contact Details:

Dr Niged Harriz, nhamis@aut ac.nz, +64 9 327 3939 x 731,

Approved by the Auckland niversity of Technology Ethice Committss on 30%./uns 30715, AUTEC Reference number 15704

; —'.h
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Appendix F Food Diary

HUMAN POTENTIAL CENTRE AU

Movel Combination of Exercise and Carbohydrate Restriction fn-r
Metabolic Health Study
Food diary

Please answer questions honestly and to the best of your ability.
Date [eha] £ [mm] / Dyl

Please write your name

WEEK DAY ONE

Preakfast

fMoming Tea:

L unch:

jAfternoon tea:

Dimner:

[Snacks you consumed throughout the day:

Fluids you consumed throughout the day:
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WEEK DAY TWO

Breakfast

fMoming Tea:

| unch:

jafienoon tea:

Dimner:

[nacks you consumed throughout the day:

Fluids you consumed throughout the day:
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WEEKEND DAY OME

Preakfast

fMoming Tea:

L unch:

JAfternoon tea:

Dimner:

[Snacks you consumed throughout the day:

Fluids you consumed throughout the day:

once you finish and have reviewed your information click on the send button

Thank you for your time.
Movel Combination of Exercise and Carbohydrate Restriction for Metabolic Health Study.

3|F
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Appendix G Wellbeing and FFQ

(9 HUMAN POTENTIAL CENTRE  A\IIT

SHIVLRALIT

Novel Combination of Exercise and Carbohydrate Restriction for Metabolic Health Study

Wour participation in this study is completely voluntary. Your survey responses will be strictly confidential and data
from this research will ke reported only in the aggregate. Your information will be coded and will remain anonymous. If
you have guestions at any time about the survey or the procedures, you may contact Abelarde Gil-Sotomayor by
email at the email on agil@aut.ac.nz. Thank you wery much for your time and support. Please start with the survey
now by clicking on the acceptance box below.

Profile of Mood States

This section is about your mood state. Below is a list of words that describe feelings people have. Please read each
one carefully. Then click on ONE answer that best deseribes HOW Y'OU HAVE BEEN FEELING DURING THE LAST
24 HOURS. (Multiple Choice! Select one option)
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01) Tense

Mot at all

A little
Muoderataly
Quuite a bit

L N

az

g

Mot at all

& little
Muoderately
Quuite a bit

LUl N

03) Womn out

Mot at all

& little
Moderately
Cuite a bit

[

WMo N

4] Un

. Not at all

A little
Muoderately
Cuite a bit

-

LN

5] Lively
1. Motatall
2. alittle
3. Moderataly
4. Quite a bit

Q6] Confused

Mot at all

A little
Muoderately
Quite a bit

LR N

|

Mot at all

A little
Moderately
Quuite a bit

L N

Mot at all

A little
Muoderately
Cuite a bit

pwope g

209

Q9] Active

Not at all

A little
Moderately
Cuuite a bit

LU N

010} On edge

Not at all

A little
Moderately
Quite 3 bit

LU N N

11} Grouchy

1. Notatall
& little
Moderately
Cuite a bit

Mo

012} Blue

1. Notatall
A little
Maderately
Quite 3 bit

op M

013} Energetic

. Notatall

A little
Moderateky
Cuite a bit

LU N

014

E

Not at all

A little
Moderately
Quite a bit

Ll N

015} Uneasy

1. Notatall
A little
Moderately
Quite a bit

LU

016) Restless

1. Notatall
A little
Moderately
Quite a bit

oM



5. Extremely

017) Unable to concentrate
1. Mot at all

A little

Moderately

Quite a bit

Extremely

C18) Fatigued
. Not at all

A little
Moderately
Quite a bit
Extremely

WMo

LRl L

019) Annoyed
Mot at all

A little
Moderately
Quite 3 bit
Extremely

LRI L

020 Discouraged
Mot at all

A little
Moderately
Quite a bit

LR N

021) Resentful

Not at all

A little
Moderately
Quite 3 bit

[

WMo

0 22) Nervous

Not at all

A little
Moderately
Quite a bit

[

WMo

1023) Miserable

Mot at all

A little
Moderately
CQuite 3 bit

LRI L

024) chearful

Mot at all

A little
Muoderately
Quite 3 bit

Bl p o

210

025} Bitter

1. Notatall
A little
Maoderately
Quite 3 bit

W

033) Exhausted

. Mot at all

A little
Moderately
Quite a bit
Extremely

LU L

&
E.

Not at all
Alittle
Modarately
Quite 3 bit
Extremely

027} Helpless

. Not at all
Allittle
Moderately
Quite 3 bit
Extremely

LRI L

LU N

C28) Weary

Not at all
Alittle
Moderately
Ouite a bit
Extremely

029) Bewildered
Mot at all

A little
Moderately
Quite 3 bit

LAl

LU L

g
:

Not at all

A little
Moderately
Quite 3 bit

LR S



031) Full of pep 1. Mot atall
1. Notatall 2. Alittle
2. Alittle 3. Maoderately
3. Moderately 4. Quite a bit
4. Quite a bit 5.  Extremely
5. Extremely
035) Uncertain about things
032) worthless 1. Mot at all
1. Notatall 2. Alittle
2. Alittle 3. Maoderately
3. Moderately 4. Quite a bit
4. Quite a bit 5. Extremely
5. Extremely
036) Bushed
033) Forgetful 1. Mot at all
1. Notatall 2. Alittle
2. Alittle 3. Moderately
3. Moderately 4. Quite a bit
4. Quite a bit 5. Extremely
5. Extremely
034) Vigou
1. Not at all
2. alittle
3. Moderately
4. Quite a bit
5. Extremely
Adherence

The following questions are to help assess the types of foods you might have consumed this week. This will help you fo
rate your adherence to the dietary protocol for the last seven days.

037) In the last 7 days on how many occasions did you consume breadtoast OR bread rolls?
o

SleRHEANANWMNRE
(I I~ T I STy

11,
12. On more than 10 occasions
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038] on the last 7 days, on how many occasions did you consume pasta or noodles? This includes all pasta dishes, lasagna, and
noodles such as 2 minute noodles, Vietnamese noodles etc.
o

BERNEN R NN
I BN T B R P

11
12. On more than 10 occasions

039) On how many oocasions over the past 7 days did you consume starchy or root vegetables such as potatoes, kumara, pumipkin,
or beetroot?

HEHH‘-JHU‘I#LUMH
Elﬂﬂ‘dmlﬂhlﬂlhﬂhﬁ

ore than 10 oCcasions

041) On how many oocasions over the past 7 days did you consume legumes such as chickpeas, lentils, beans or peas [fresh or
frozen)?

Elﬂﬂ‘dmlﬂhlﬂlh‘lﬂﬁ

BREBEeE dmne wNp

Maore than 10 cccasions
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042) On how many occasions over the past 7 days did you consume rice? This includes brown or white rice and sushi.

Il el S o o
R T R A -]

11.
12. More than 10 oCcasions

042) On how many occasions over the last 7 days did you eat fast food or takeaways from places like McDonalds or Burger King?
Think about breakfast, lunch, dinner and snacks.

BE N AR W

Elﬂﬂ‘dmlﬂhlﬂhll-iﬁ

FEEB

More than 10

043) On how many occasions over the last 7 days have you consumed crackers and snacks such as rice crackers, potato chips and
corn chips?
o

BEENANR BN
[ RN T R T

g

12. More than 10
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042) On how many occasions over the past 7 days did you consume rice? This includes brown or white rice and sushi.

SR mENANENNE
[ RN T R TR R -

11.
12. More than 10 occasions

042) On how many occasions over the last 7 days did you eat fast food or takeaways from places like McDonalds or Burger King?
Think about breakfast, lunch, dinner and snacks.
o

SeRpNAnNpANPMNR
RN RENE- T R TRy Wy

-
=
=1

12. More than 10

043) On how many occasions over the last 7 days have you consumed crackers and snacks such as rice crackers, potato chips and
corn chips?
4]

BERemENAnpARNMNE
[N RENIE- T TRy V'

=
=
=

12. More than 10
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044) on how many occasions over the [ast 7 days did you drink fruit juices, soft drinks, sports drinks or energy drinks? Do not
incdude diet varieties.
o

BRENANENMNE
[ R T R T N

S

12, More than 10

045) On how many occasions over the past 7 days did you consume lollies, sweets, chocolate or confectionarny?

Elﬂﬂ‘-lmlnl'l-hl."hll-iﬁ

pRpRe® Sampewppe

. More than 10 occasions

045) On how many occasions over the past 7 days did you consume baked goods such as manufactured or homemade biscuits or
?

cakes
1
2
3
4
5.
[
T
B
9

=N - - S R R T R -]

B

10
12, More than 10 socasions
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On how many occasions owver the past T days did you consume full fat milk, cheese or plain yoghart (e.g. biue top milk, cheddar
cheese, Greek yoghurt)?

L Rl
[ RN T R Py PRy -

10.
11 10
12 More than 10

On how many occasions over the past 7 days did you consume low fat milk, cheese or yoghurt [e.g. green top, Edam cheese, lite
yoghurt)?

BRBOo®NamA W N
;s;.ﬂm‘dﬂ'll.nhl.uhqll-lﬁ

ore than 10
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The next question is about how easily you were able to stick to your dietary regime over the last T days.

047) Please indicate on the scale below how well you adhered to your dietary regime in the last 7 days. For example if you feel that
you ate only foods from the ‘Recommended” food list then you would slide the scale to 100. If you feel that 50% of the food you ate
was from the ‘Recommended” food list, you would slide the scale to 50%. Please answer this guestion honestly and accurately.

0% 100%:

Sati hunger, fullness
The next gquestion is about your feelings of satiety or hungerffulliness.

048] Please indicate on the scale below your general feeling of satiety or hunger/fullness over the last 7 days: Here is a little more
about what the numbers mean:

: Wery hungry; starving; desperate.

: Moderately hungry; ready to eat.

: Mildly hungry; beginning hunger.

: Neutral. ¥ou feel no sensations of hunger or fullness.
: Mildly full. You feal satisfied.

: Wery full.

: Much too full.

w W B L fd e

WEIGHT

Please enter your current weight in kilograms and grams.

Please weigh yourself at the same time each week, on the same scales and wearing approximately the same
level of clothing.

Thank you for completing this questionnaire. You will receive your next questionnaire at the same fime next
week.
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Appendix H Exercise Control Slip HIT

Control Slip HIIT
RPE Description Intensity
Level
6 --No exertion--
7 Easy
8
9 Very Light
10 50%MHR
11 Light
12 60%MHR
13 Somewhat Hard
14 70%MHR
15 Hard (Heavy)
16 80%MHR
17 Very Hard
18 90%MHR
19 Very, Very Hard
20 ---Max effort---
x
5 = 3 o
g 8 32 32 3 3
3 Z | 5 2 3 m =
= m =S ]
1
2
3
4
5
6
7
9
10
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Appendix | Exercise Control Slip RT

Control Slip RT
RPE Description Intensity Level
6 --No exertion--
7 Easy
8
9 Very Light
10 50%MHR
11 Light
12 60%MHR
13 Somewhat Hard
14 70%MHR
15 Hard (Heavy)
16 80%MHR
17 Very Hard
18 90%MHR
19 Very, Very Hard
20 ---Max effort---
B
f’li = 5 o g
£ 3 3 3 & =
® 3 - 2
P ®
o
1
2
8
4
5
6
7
9
10
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Appendix J Go to guide for low carbohydrate healthy fat living
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Appendix H Go to guide for low carbohydrate healthy fat living

Lo Cartnciryed it Heal Ty Fal (LCHI) Lising T Emmmm 1

“Go-To-Gulde” for low carbohydrate healthy fat
(LCHF) living

Carbohydrate restriction

Carbohydrade ({OHO) restection ks a way of cating fhat alows one o balanca bilood sugar kewals,
reduce waight and improwe metabolc markars (such as bhood lipkd keva £) ower tima. You eat froma
wida varety of nutrieni-dense, w hole food choloss, consums bkess THO overall, a meodarate amount
of profmin and a highar proportion of anengy tom fat. This CHO-mshricted "whols tood approach
naips reduce insulin kevels in your Dody, and as insulin ks a key hormone in the fat-sioning process,
this helps burn fat reserves and, consequently, Nelps reduce waight The highar it content of
the diet and the foous on whobe food CHO choloss Incmases nuinkent density and fiore, keaping
wou fuller for longer This ks a sulfabile plan for poopde who have tried the malnshream approach
{enangy-restricied, low fa D for waight loss and health improwement but have not een succaesshul
with this owertha long =em This appraach o food & not a tad-dist, and requ e s some eiemant of
restriction of cortain foods for Tia benefit of long term haalth gains.

Thara ana bots of wanys you can bose walght, keep it off and fodl good, but mamy peopie il respond
wary wall o a diet sstricied in OHO and highar bn healthy &t Owal the rescanch shows that a
maode mtely-resticted CHO det can overcomsa oravings and constant feelings of hun ga rwhich ana
often tha downfall of keeping the weight off when following the mainstream appaoa o

) HUMAN POTENTIAL CENTRE (T (T € Miervium
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Low Carti ol it Fealtyy Pt (LOHF) Lived 7 memm 2

Moderate CHO restriction (<100g per day)

B Eat throo main maais par day (snacks it noadad)

nciuda a sanve of pOTRIN at each maal (so0 balow for sarving 2es).

Eat nonstarchy vegefbies in anundana at aach maal.

Tha mmaining daly anagy Eaones) i darved fom fat (so0 balow for sarving S2es).

Bocause CHO matricton & moderate, appy some caution with aating &t a0 Mtum (as much
A% YOU WanNt) as ovarall enargy Intake is St important 1O @NSUNe Waignt loss

B Usa nutrition 4raciong softwara On yOur COMAtar or an appiication on your smart phone to
track CHO imtawe Some ampies include: My Finess Pal, CRON-o-metar Exsy Diat Dary
OPhona only) or Fat Secrot Most of thase ara frae to downioad.

General guldelines for CHO restriction

| Whare possibie, choose minimally processad food as the tasis of your dally food choces. It
makes it aasior toadapt to a lowar CHO diat and provida s impartant witamins and minarals.

8 Eat when hungry Whika thrae maals a day can be baneficial for metabalic rasponsa 1o aating,
ot your appette guide you and Include Snacks wham nacesary. Howaver it you am hungry
WIthn two hours ofa mad, 13 Maly the pravious meal was aither Do small or did not inciude
optmal amounts of &t or potain

B S5pmad protain Out VD YOUr MAaa s and snacks A good rule of thumb is to consuma the amount
that fits on to the palm of your hand at aach maal

" Waigh MU OF USe 3 POrton guida intially 20 you bacome familar with portion sizes of
tood chaicas. You don't haw to do thi fomwer. Its just 3 matter of ralaming appopeate
podion sizes

B Thare & nonaad to trim &t from maat or skin from powitry but it you want to that is fina. Just
add olive olffbutter to vagetables to mpace At In fact, whan you are firz
getting staried if In doudt 33d mara Bt You hawve years of falowing
a " &t phobic” dogma to uniaam.

Some poopie can ovardo the amount of &t thatthey aat
it is important to add encugh At to be @tstied at
cach maal, but this isn't icanse to ovardo it

" Uza good quaity Exta Virgin olivaod, buttar ghoo
and coconutod mainty for caoking, and favoured
ofis such as avocado/nut/olve olis at othar timas
(L, on iads Aegetabias). if tallow nga modaerate
CHO-rastrictad plan, aim for 1 tabiespoon (thap) of
ol or 3 knab of buttar on salad or vegatabies Soa
balow for more detalis regaciing the use of Gts

Don't deap oy your ood but make fum it doasn't
burn by cooking with ancugh &, at he correct
temparature and for tha corract cooking time.

) HUMAN POTENTIAL CENTRE Il

7 @ Millereium
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Lo it g et Fhsaly Pl (LCHI) Lisdend T 2 WEEKE FOR METABOLIC HEALTH:

B A diot mode atoly mstrictad in CHD maans that you will be aating no maora than 100g of OHD
[ dary= It s fin to et bess than tha amount stated, but 9o not 9o abova this Imit. Tha majorky
of wour CHO should ooms: fem non-starchy vegetabies which ane nutseni-densa, with a smalior
ameount from fruitand dalry products and starchy wa getables. R emamiba g onoa ywou ana bumning:
fat as your pemary fuel, you will el goodand won't need thase CHOS for enamgy.

B Layrn to distinguish batwaesn hunger and habd, and sdjust the gua ntity of food 2 vour appatis
decraxses. Whan hungry, aat untll you are satiaied (heal satishod]) Eat mindhully and showdy,
chawing food proparty and seallow ing baions taldng your next bits. i you ane unsura it you ang
satisfied or not, have a glass of water, wait 10 minuies, and than deckds whethar you need mos
tood. Whila thona ana no reshrictions. on this plan, tha food choices should guida your hungar
Do not aat for the ke of aating

W it you'ra not hungry at a meal time, eat a small e OHD snac.
B Don't starve yoursat

B Dontassume ANY tood & ow i OHD. Rasd tha labois of pro-pmpamd foods and chock tha
CHOD counts.

B Whan dining out, bowara of hidden THD in gawvies, suces and salad dressings. I you am in
dioubt, 3 the walter Swold doap fried or crumibad,battenad food

B Az you sdaptto s difforon tway of aating, your tashes will chang< Whilayou Can USa Sooants bia
swootanars whare necessany, you will bagin

B to apgrociate tha natural sweotness in food and
B pofntially not require them Do nofe that many seeeinens have a small CHO count to them
W Dwink 3 goeod amount of fubd par day (mainiy st

B Whan embariing on a CHO-restricted plan, poopie can bnbaly exposence fatigue, BNght-
haadadness, muscha oramips, constipation andfor hasdachas. Many of fiasa inftlal sdjustmants
o tha diet can ba alieviaind through an nosass n sodium intake. This s becauss whan OHD
ks reducad, the ody's oDty 1o malntain 3 conect olacirolyte Ba@nos Can De compromisaed.
It i rocommsan diad that initally, you adid sait i your maaks whora possitio o ok with shock
Soma paoni bonefit from having a drink of hot shoc k- 1 asnaon of stock parcup, and 2 cups
per diay during the aarly stages of your distary change I you ara
on blood pressurs or nsulin-relytod medication, you will nead to
gat advice from your medcal professional about adjusting your
masdications

B Ba onga nisedwith shopping and preparing food. l HF.I A

B Trawvet Take apgropriate snack food along
to abports and for arplane trips. Make
surg you find a supesmarket o suliaDie
grocory shop whon you arive af wour
diestination. i ravelling by car, pack suitabla
foodfen acikes for the trip and shop on-routa or at
wour destination.

() HUMAN POTENTIAL CENTRE [T ¢ Milorium
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Lo et gl et Hhsaly Pl (LCHI) L ? 2 WEEKS FOR METABOLIC HEALTH 2

wWhat to expect

it mary take time o adjust toa ipwer CHO diat dapanding an what level of CHO you consumad
batorehand. Take the opoortunity to kearn maore about WHY you am doing this it makes the
HOW oo miuch aaxsior

u Soma peopka find the inftal phasaes of CHD sstrction mabas tham ol ted fatiguad, grumoy
and Toy axparianm a kack of concon tation while thalr body k= adaptng Sokoct an appropriate
i i o thits e, mot during a porkod of Incrassed oo o baad or haxey work/Study parinds)

B You mary epesrien o amotional difloulty in remaoving combort habit foods such s bread fpastay’
erschars.

B Your sugar oF cartbofydmte oavings will reduce.

N Sgt-backs There will abvays be stustions beyond your kwel of control Try and embacs e
00 nuke {perfect aating 90% of the tim Teats o sip-ups 10% of the tima) and don't baat
yourseit up atout it Just get going again right away.

o ANl will vary andam individoal initial weigiht kess may be quiis spéd a5 your body's own
CHD and waler soms are redumed This i because wa store 3gof water for avary g of CHOU

FﬂOdS tﬂ- |I‘I¢|I.Ide v s | ke sl e B oo s i off €400 poar )

MOTE: The following tabls i not an exfsustive st of foods, but & mamiy s guide. Plaxse maks
sune you check food labels or a suitable cart counfer (such as tie onling tools and phone anos
man tionad eariar

GEMERAL GUIDE: Groan = YES, Dranga = CAUTION, Red = NOD

&1 maat Including: = Bt
= Lasmniby

= [P iom con dham

= Wamis.on

= Goat

= Cara ls roquined with some processed maats - papparon |
salamd, bacon and ham, 35 they ang oured with sugar
Stoar cioar of sandwich maats and beaded maat
products quch 2 pe-made moathals and ssusages.

All poultry Including: = Chicioan
= Dok
= Turkay
= Avold proce ssed chicken urkey such as nuggats, or
athars with beadngffilors

() HUMAN POTENTIAL CENTRE LIAT € Millensium

AHALT LHNERETT SIRLARCH RN TRE
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Low Caicld ate Healtty Pt (LOHF) Living 1 2 WEEKS FOR METABOLIC HEALTH» 5

All tish Including:

I TR TR FAL RS |
-

f

- Sardines
-~ Trowt
- Tuna
- Avold picided fish with sugar added or any that am
battered/crumbed
All shelifish Including: - Clams
+ Crabmeat (not surimi or other artificial varete s)
- Crayfsh/lobster
- Musselsfoy sters
- Frawns/shimp
- Squid
All sggs Including: - Bolled
- Daviled
- Fried
- Omelette
- Foached
+ Scrambied
Nuts and seods - Amonds (509
(grams CHO per /2 cup unless . Almond meal (213)
otherwise stated): - Chia seeds (6.09/%30)
- LSA Linseed, Sunflower, Almond (0.69/209)
- Tahind
Cashews (12.69) - careful with quantity due to high CHO
count
+ Nut butter (1 Tospyserve; CHO count vares accordng ©
type of nut)
Legumes: Lentlis, canned (9.4g)
(grams CHO per 1/2 cup): Kidney beans (16g)
Chickpaas (25g)
Peanuts (7.6g)
SRR

() HUMAN POTENTIAL CENTRE QITT ¢ Milennium
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Lo Cart oot vite Haal®ry Fat (LOHF) Livieg 1 Zn-a'mmm &

Cheese (up to NS5g/day or V3 cum) Yoghurt
- Bue = Yoghurt - paln unswaatonad
- Bre « Yoghurt - Greok (59/%00)
= Chaddar = Yoghurt - unswoatanod, natural
- Cmam choasa (skghtly highar in CHO - 2 (a.ag/ 00
thsp= 0.83)
» Cow tata (as above, 309 =1.29) Mk
-~ Goats chaese - Almond milk - unswaetenad: 200m (1563)
« Gouda ~ Thasa méks are hgh in CHO - use sparingly
- Mazzarcia or avoid:
- Parmesan Goat's milk: 200 mi = (7.49)
- Emmanty - Soy milk: 200 mi (12.59)
- Haloumd -~ Rice milic 200 mi (19.7g)

Oat mitk: 200 mi = (6.49)
Full cream cow's mik: 200 ml (12.89)

Fats/Olis:

1serving = 1 Dsp uniass statod - Oiva ol

- Butter = Nut ol

» Coconut o - 1/4 ¢ coconut craam (239

= Avocado ol - 1/4 c craam

- Duck &t “12c £t ik (u ay (25
- Tallow « Sa0 balow for Quida to tha use of olisin
« Lard cookng.

~ Mayonnaize (citve oll basad)

Ll (I} @ Mitgreum
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Lo et g et Fhsaly Pl (LCH) Lindeed I 2 WEEKS FOR METABOLIC HEALTH:  »

Foundation veqetablas
{grams CHD par 1/2 cup)

= Alaita sprouts. (0190

= Awocada {1290

= Artchoks hears (Dudg)

- Baans: gresndtranch (.80
= Baatroot canned (340c fresh {S.500
- Bok chay (D500

= Brosd baans (4,490

= Brooooll (D290

- Cabbaga { R dfigreon,Swoy) (1.4-1700
- Carmt, medum {31g)

= Cansboums {1.0-1.590

= Caulfiowar {1.090

- Catary {0800

= Chives {DUB00

= Cuoumiber {2 590

- Fannel {1630

= Frash miked haros (02590
~ Kake (1790

» Kumeara: 100g (17.2g)

= Loakes {4.490

= Lathuca {Q1g)

= Mung beamn sprouts {0890
= Mushrooms {00

- Dilitvess (bdack,graen) (2390
= Onkon (2340

= Pumpésn {4990

- Parsnip: 1009 (12.4g)

- Potato: 100g (14.2g)

- Radsh {1897

= Shitasa mushmoms (4.490
- Snap paas (1500

= Spdnach (D190

= Tomai (2390

ofive ol basad])

L) HUMAN POTENTIAL CENTRE

= Watoros o {T5g)

Frult
{grams CHO par 1 madium plecs of V2 cupd

- Appla rad (173g)
- Appla groen (17.49)

- Banana (12.649)

= Blusbnrics (2097

= Frozan banry mds {4.500
- Grapes (I3

= Mandarin {7.7 90

- Mamgo (20.44)

= Mactarina [12.29)

= Dwange J0.530

= Passch (12597

= Phurn {4590

- R sbrias {5190

= Shew bamy x S{1&])

Drassings: = Blua cheesa {2390
{sarving siza = 2 thap: ansus = Caesar (0500
any prepa e d dresSings ane - [allan {3090

= Lasmeoin fuica {2590

= Lima juica {2990

= Ol aind win agar {0900

= Ranch {1490

= Viter - Havour with tresh souesss kemony/lme
= Sl weator

(T ¢ Mitlerismn
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Low Catiolod e My Fat (LOHF) Livrg 7 memm a
Non-caloric swoatoners: » Stevia-Dased products (chack abal)
One sachat =1g CHO Imit to - Xyl
THREE pear day
Condiments: + Black baan muca 1 t5p (3.09)

+ Cnipotie: 2 pappers (2.09)

- Cocon powder 1 tbsp (1.29)

+ Gharidn 1/2 picded: OQ

- Jalapono: 459 (14g)

+ Ginger 1 thap gratad (089)

+ Mizo pasta 1 thap (259)

= Mustard (Dijon) 1 t5p (0.53)

- Mustard piainc 1 t2p (O

- Mustardawhoiegran: 1tzp (039

~ Festo: 1tbap (060

- Enchilada sauce: 4 thap (069)

- Gasic 1 large ciowve (039)

« Salsx (no sugar added) 1tosp(109)
~ Soy sauce 1 thap (0.99)

- Tacosauce: 1thzp (L.OQD

- Thint 2 ®zp (L0Q)

» FRshsauce: Ttsp (029

- Bal;amic vinegar: 1 ap (23g)

- Rod wina Ahita wne vinegar 1tbsp (1.53)

Confectionary/other: - Dark chocoiate (85% or graatar) (2 large squares, 209 =
753
- Suganrtroe chawing gum: ime of 3 ploces per day (3.09)
Alcohol: - White wine, ory- 1 glazs: (149)

+ Rod wina:- T giazs: (Og)
~ Spirit (Gn, Vodia, Whisky, Rum._Xx (OQ)

() HUMAN POTENTIAL CENTRE (I} @Miterom
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Lucv Citrbrcihgcirata Haalthy: Fal (LOHF Lisiee ? 2 WEENKS FOR METABOLK HEALTH: 3

Foods to avold

= Juboe {fmsh or conoantaim)

= Fruit drinkcs JLa. condialy

= Caboric flzzy drinks Jinchudiing enengey drin kes)

= Diat soft dink (while these are calorie-fmae, minimising intaios of diat soft drinic will halp you
anpoy e natural saestness of other food choloss) and will help changs your palate and
subsequant da Sra for Swaat things.

= Flanvou raedl mille

= Deap-fiadfood

= Shorbaning or any light" product

= all flour-based products (Le, bmads - white and wholegrain, all cersals, all pasta)

= Producs that am ‘ghuben -ines”

= Other grins in chuding rice, Quinoa, CousCOUs an damanan th

- Fopds with added ydmgenamd/ partially hydrogenated olis

= Foods with added sugar dextross, brown Srun svapommdcans syrup, glucose, honay
COMN SyruD, maliodedrin

= Ganeeal juni fiood: bésouits, Calogs, ion oream, froze n yoghurt/Sorbet, chips, orackors, muesll
bars, most fast food

when In doubt, DON'T EAT IT!

Preparation for CHO-restriction

Eafom you bagirc GET RID OF ALL FODDS YO SHOULDNTHAVES i tha y are in your housa it is
oo tempding. Chean out wour fidge, pantry etc. i you don't want towaste food, give it away. This
ks important Doy s 0 our axparancs willposar IS an overrated quality of all rumans. ® i really
haed b notaat a bag of chips which ana sRTING In your pantry. it &S much eesarnot o eat a bag of
chips NOT in your pantry. Just remows Bemptation!

Restock your oupbaands wifh ready-to-g0 sasy nods o preparae a bow THO mesal-

u Fridge @995, chaese, cream, ful fat yoghurt, butter or ghae, rotisserks chicken (not flavoured
or with stuffing), siced roast beef, hard salamd {check nutrition information for sugar content),
other coobad, cold giced maats, salad an dwvegetabis Ingmdients.

B Froszer hambumger patties {mal meat, check muinitihonal information for sugar conftent), mib
chops, mince, prawns, chicloan beasts Ondvidually svappad for quick defrosting), chickan
postions, frozen fish fillets (not crumbed or baSered), marinara mix, drazmn
bairries, froren vegotahbes.

= cupboard/pantry canned tuna, salmon, sandines, oRb T, COoon Ut onea my, cooonut o, muts,
sends, oll, sploss, herbs, almaond flour, Stevia XyiRol

() HUMAN POTENTIAL CENTRE (AT ¢ Mitlereiu

230




Appendix H Go to guide for low carbohydrate healthy fat living

Lo iy s iy’ Pl (LCHF) Lindrod T zl-ammm o

Turning lists Into meals

Your objective i to bulid moak around 3 wide array of protain sources, natunal tats and none
starhy wogatablos.

B} you bowe salads, eat LOTS of them A large salad made with two cups of salad beave s with
additional vegetabli s from the Bst eguaies to around 157 of carbofvdain

B i you prefer cooked vagetbies, 2-3 cups of cooke d wegetables from the nan-starchy wegetabla
Bzt b5 appmadmataly 159 of carbofywdrate. Winen cooking wegetables, staam, sautd, mast o str-
frys don't Dol thasm a5 this dastroys soma of thalr witaming andminaa k.

B Maats, pouliey, fish and shalifsh may be gelled, roasted, stir-fied or poached; not deaep fried.

B Thres maak a day ks often @nough to satisty hungar (dus tothe highaer &t content), but snacks
may e needed Bvansone & difforent. Snacks shoukd contain fat and oromin - &y wepetabics
{and down tha line, fulk or barsas) should be comisinod with st protain to minimisa Impact on
biood sugar knais

B Winla dassart options am provided babow, dessars should ba consdanad a e at and consumad
n modaration.

The use of fat In cooking: which are the best to use?

Tha stabiity of tha &t souse at diffioront Dmporatuxs eip detenmine tha bost o of thamin tha
it

Fats which oontain a higha r amount of syturaiod fats (coconut, butter, ghaa, duck tat, tallos and
lard) are more heat stabie and are bess Bealy o Dreak down dusng oooiing; thesa are 3 good
opthon for panfnding. Both monounsaturated and poyursaturated fats ang not as heat-stabie and
will pemak down mos easly during the cooldng peocess Theay will becoms odidisad, Incraasing
tha br overall inflammatony afiect in the body. A nut ois and oiive ol 3k more dellcais ot mgner
tamperatures, thay ara bact usad 5 a dsssing or at the and of cooking 0 mitain thair nuiritive
value A5 a guida, choosa a cooddng fat that hasa smokding point just above THO-240" Calcius. Diks
that fave boon axtractoed wia a mechanical peooess (and not 3 chamical peocess) ang akso Dothor
Opthons touse during Cookdng

Heap in mind that deep-frying foods i not a good option; you should use enough codkdng fat o
b2 abda to cood your food and no mone.

Lard, duck ft, tallow Ciiva ol
Gihaa Macadamia ol

Macadamia ol Boecado ol

Becado ol Sasame ol

Rafined and unrafined coconut ol Haralnut ol

Sosamea ol Abmaondfwalnut ol

Extra virgin ollve ol Flanczood ol

Abmeon o et ol Butier

Butimr Urnrafineed Co-oonut ol

() HUMAN POTENTIAL CENTRE AT ¢ lecrin
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Lo ot Oftyd s Pty Fit (LOHF) Lindr 7 2 WEEKS FOR METABOLIC HEALTH» 11

Breakfasts/first meals

Thase contain approsémataly 5-8g9 of CHO.

Basics:

5 Bacon and @994 cooked h olve o, coconut ol or buttar, sarvad with vegatanias (mushmoom)/
avocada/spinach )

 Vagotabla omaiotte, made with 2 or 3 aggs, addod grated choase and planty of vogatablas.

B A cup of mixed Darrias (frash or frazan, thawad), with natural Grogk yoghurt - add a spenida of
nuts or LSA (dnsead, sunflowar, amond) or a thap of nut buttor.

u Smoothie Bland 1/2-1 cup fazen barres V2 cup unsweetned soy/aimond méEk and V2 cup
unsweatenad CoConut maic.

B in addition, have cotfo with coam (keap within daly imits in total).

For the foodloes:

8 Fizh cakes/hash DoWns: reapa e potato with caulfiower or swada. Sarve with bacon, @ggs and
vegatanias.

8 Griledstutiod mushrooms Gl two Portabelo mushrooms for 3 minute or 50 both sdes (spray
with aisve o).

5 Topwith mincod baat and some gratod choasa Raturn 1 grill until goidan.

B Minl tittata: stir-fry Sicod spring onlon and -509 baan sprouts in 3 Etie aive ol or butter in an
oven proot fry pan until soft. Add 2-3 baa®en Qs and cook Finish off under gril Sarve with
S0y WUCR OF Z0ME NO-SUZAr added salsa Add grated Tuahinl, spénach or ifower vagetanias
it desirad.

) HUMAN POTENTIAL CENTRE QT ¢ Milennium
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Snacks
Thase snacks contain no morg than 59 CHO par sarva.
Baslcs:

B 309 choase

1/3 cup nuts @3 Amonds)

1-2 0995

Vagetables (la.canot or cucumber sticks)

510 groen/black olvas

503 beat @riy/Ditong (curad without Sugar; chack packet)

For the foodlos:
B Colory stuffod with cmam chaese

| Cucumbar "boats” fod with tuna mixad with an oliva-all Dasod mayonnasa

Hait an avocado saxsonad with sait and pappar

A ettuce B3t wanppad around grated choddar choasa

A ettuce Bat wapoad around small amount shradded chicken, aVoCado and paso.

Chappad, Ziced ham from bona (or othar maat)

Unswaatenad Grook or natuml yoghurt with a sprnide of muts /Seads

Wrap Shcas of chaase and Nam around a coupie of cucumbar s8cks and @at with a mayonnalise
and mustard din

B Fll amoled mon with cmam chaasa and wrap in 3 e tuce aat or two

g['g HUMANPOTEN?IAL CENTRE

233



Appendix H Go to guide for low carbohydrate healthy fat living

e Carki iyt Heaithty it (LOHF) Livng IZWMMW. 13

Dessert

Remamber dessarts shodd b con=darad a traat and consumad in modaration
Thasa contain no mara than 59 CHO per sanva

= Chomiate pudding: 2 thap doudla craam, 1 D4 unswadtanad cocoa and V2 tspstavia or
xyWtol Blend togethar untl it has consistency of soft ice cmam.

Macha puddng asadbove and add 1 tsp instant coffae
B Handful of barres with 1/3 ¢ whipped coconut craam

B Choiate coconut pudding: as abowe bt add 1 thep drind unswatanad coconut or 1t
coconut axtract

B Rhunard: Qut 150k Nt places and cook ovar ow Naat ina pot with a ittie it of watkr unt:
soft Add /2 tsp stovia/iy IRo! and Sarve warm or coid with 2 Toep whippad craam. Sanves 2

Eating out

Eating cutis a majpr tarfar for poopia whan changing thalr diat but doasn 't neod © be Mast
ating paces now have low or no-CHO options, and this is on tha INCraase as Nis way of aatng
Decomas more Mainstraam. Rathar than avoid socialishg with fands and famiy, go out and
simply make tha bast cholcas and get comfbortable with asking the waltar/waltress about tha
detalis of ingrodiants In maals. Wi thare ara many glten-froe optons avaladbia, ramamber not
to raplaca one CHO source with anothar This can happan as giutan 4roa cholces are ty pically as
nigh in CHO as thair glutan ~conf ning countanparnts.

" Café meals Egp (omaiettas, @9gs banadct) and mnca-based bmakhxst optons (without
toast). Add saimon, bacon or vagetanie sdes (2.9, spinach, mushrooms). Big braaktasts often
nave commacial ugesy/nach rowns whicham high in CHO and low in quaiity - thaseam
bast avoided if in doudt. Gman ahd with ofve ol basad dresaing i always 3 good aption to
ncuda with a pro®n sourca. Avaid pra-made ads, uniess You am sure of the ingradiants
Choasa coffon with a smallamountof coam or mik, or non-mik basad cptions (eSpR s, long
macchab), or taa (not chal taa)

4&1 HUMAN POTEN'I'AL CENTRE N

If @ Milenoium
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B Restaurants: sorutinise ingeedants and choose foods wisa .

B &woid fast food restaurants as appropeate choboes are Bmibad and the quality of Ingredants ks
typically Door.

= KFC griledchickan only and order sda salads

= Busger plaoes: Bun-kess options only

= Sutrevary’Burger KingMoDonalkds braabtast meanu soramibbed aggs, nio Dunyores o mil

= Subvwarg'Fita P avold sugartssed sauce s meathalls Aervakl (ssuce wil contain sugarl
Solort miad with maats, chaess and avocade Mo soafood or tuna (3 has mayonnaisa
oontaining sugar) and sabact ol-based vinalgrette depscings. Awodd braad products.
Lots of dressings and sauca s have sugar added to maks them tasts good. Sk for ingeodients
o anid.

= Awodd doap fried, Datiesd feods.

= Awoid gravy.

Dhon't ba afrald toad for what you want. You are the one paying for it

= Don't ballaws avarything you sad tha nutritional informaton Sn't always comact.

Haalfhy doesnt maan hoakbhy tor you

= Exenciss portion contel

Salsd options ana wually good hoesver, awad omutons, oy ious THD additions (pasta/soa’
COUECMUSArTa. ) and chack tha dingsing {00 abowal

B Hallam proscutto, panmiglano s gglana, antipasto, caponata, most salkads, meat, fish, poultry
AVDID pasta, risotto, Dz, deen tried calamar, garkic braad Asktor a bowl of olfves for startars
To and, osder coffen with orcam (unsweotenad) inshead of milkc

B Middls Eastenn Daba ghanaush, griled soewe od maat.

B Mexicam sals (N0 sugar), guacamade, grilad chicken wings grilled chicken o fish, prawns in
gariic sauce, chicken or mince based suce

u mndiaec tandoor, meat and fish ounres, grilled pras ns, maat, ohibcin, konma, Sag and oo
= Awoid rice, naan bread, poppadoms, smoss. Drder a side of mbed veggles nstaad.

B Chinesa 279 drop soup {nocomflour), hot and soursoup, sizzing prawn platter, staamed boat,
stir-friad chician and gariic, poidng duc.

B Japanesaméso sashim grilied fish orsquid, stieamed and grilled vegetanhes, pic kied vegetables.

That Ba mindtul with Thal food a5 it often contains paim sugar o Sweat chill sauce Choosa
fish, seatood pork, beet andfor vegetable dshes, main dish, curses and salads without thesa
additions. Chack tha ingradients with the walter or chef, and opt for no potatoss, riceor noodies

u Kormam griliod or stowed fish and shailfish, marinatoed grillod pork, boat and chickon (no miog’
noodias), kalbd boof, any BBO dsh (nosugary ssuoa), kimchil, pickdes.

() HUMAN POTENTIAL CENTRE (IS ¢ Miensium
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Reclpes
Thal Moat Loaf

SERVES: 4 | CARB COUMT: 28 g par sorve | ENERGY: 208 Cal por sorva

Method;

bl i g clan t5 inia ol
Baioa in a boat tin Enad with
making papsr for around
1 hour, chack by nserting
a lnite. i no jukms coma
aut, of tia julces % Cloar
thon your hoaf &5 codoed
It shoukd ba Drown on ton
ained Hem o touch

Ingredients:

= SO0y chiclan minoa
et or lamb am also
an aption)

- 2 canmits grated

= 1 zucchini geted

= 1 small red onbon flnaly
choppd

= 1 thep aach of oushed
igariic and ginger

= 1 Hsp Thal red ounry
5]

= 15 chilll pasin

= 4 thap choppad fresh

Sorve with colesiaw. For axtra tasty coleslaw, add a sma
amaount of finely Siced appia and fnnad bull o your wu

oo ndar
oo e miwhure. Lo an oifve od-baesod aloil 2 & dinezsing - Sait and penner to
{not tha sachet induded in the bag)L tasim
Lettowers are a good option for unch the next day. Lse
mary of these recipes, the flvours are a5 good (it not
et tha following day
HOTES
7 HUMAN POTENTIAL CENTRE (T ¢ Mileriurn
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Ollve Oll Alo

Method:

Raca ogg yolks whole
grain mustard and sait and
peppar I oa mixing bowl
and whisk untl thick and
omamy Add kemon uice
or chder winegar. Mow add
aifve of, vary showly. Keep
midng and dowly drizzia
il In, ket mixhum absors o
oo fore adding more Whan you have added al of the o,
add your choica of the following Havours

-1 Ep onushad garkc

- 15 geatod gingar

= Haffir B boat {onush and baawa in tha aloll for tha
Harwowr to soak ind

- Faprika or chilll flakes

- Extm mustard o tasta

- L juilca

- Chopped parskey, corlander, mint {best added toa smal
amaount of aiol bafore serving)

HOTES

(£ HUMAN FOTENTIAL CENTRE

SERVES: 24 por rocips | CARB COUMNT: 01 g por serva | ENERGY: 254 Cal par sorva

Ingredients:

= 4 opg yols

- 1 thap whaolagrain
s tand

= Salt and peampsar

= 1ty of kemaon juics
or chda r vinagar

= 1 and 154 cups of
olive o (usa a mild
Hlawoumd o)

LT @ Millgnsium
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Chic Lettuce Wra

This racipa irvobees food baing sha md fem ona soning piats, and has 3 misuns of favour, techura
and ooour [t'sako a good way to usa up any keftower salad wegotahde:

SERVES: 4-6 | CARE COUNT: 24 g per sorve | ENERGY: 184 Cal par sarva

Method: Ingredients:
Hoat coconut ol in a pan, - 1thep conomut o
add sieed md onion, garic, = 1red onkon
- 1 thep aach of
o and chill and cook
o chopped garkc, ginger
untilsoft & dd chicken mince, and frash chil
fingly chopped  redigeen - 500 g of chicken
‘CHpEoum, FrLEh A, mince
grafed carot, uochind and - 1/2 cup of cocanut
i
o 2 wepetand
Ay cthar = o P - 1 red/gmen capsioum
¥ - & mushrooms finaly
2did cocomut milk i give malsiure i the midure. You cn s
- 1 geted canrot

il 2y otheer Harvou = bu t don't betempted o add radtional 13 Zuoching

sweot chill fmato or any sugar-iaden sauces Just befora - 1/2 cup choppad
you mimove from heat whan ooked, add chapoed orandss, cioriander

and any othcr of your Seeouris herns Add ohill pocedier = Ohil Hakoes, sait and
salit and pepper to sie before sorving. Wihika sl hot, weap mRnpr totasta

= Lamgpa ioabaeg kethuca
RIS

mihue in lange kaves of icabang lethuca.

HOTES

() HUMAN POTENTIAL CENTRE (U ¢ Mitlensiur
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This rich satishying cassende ges mos flavoursome ovenn ight and ke fioves make a great option
tor bumch the nant day

SERYES: 4 | CARB COUNMT: 23 g per sarve | ENERGY: 551 Cal per sarva

Method:

Sauté chickan thighs in
cocomut o with  oushad
gadc, chill and ginges
WA i bciogen s Innoseen adl

Ingredients:

= i chilcioan thigihs
{onebess or bona in)

- 1 Hep aach onushad
gariic, chilll and gingsr

= 1 cup of chicken shock

- 1/2 Ep chill possdor

- 1 cup of omam

siightty, add csam, chician
shochk, chill powder and a

sprinkda of chill fakes. Cut - Chill flakoes
capsiourn,  zuochini - and - 1 capsoum
anbon infio  lamge  chunks = Tankn
and add to the chicken oraam mivtung with whoi button -:m}ms{mf i
mushrooms and s - 5 mhoke beston
TS O

Four infD an owen dish, cowor with tnioll and baka at - Chapprad frsh pamkey
around 1600C for 60-30 minutes. Thasauce should thicken - Frash spinach kaves
and tunn a rich red colour Add chopped fresh parsay and

spinsch kaawes bofora sorving. Soerea this dish on its oen

o with a side of caulifiower mash or cauliflower foa (saa

= ol 5 Deahow )L

NOTES

{7 HUMAN POTENTIAL CENTRE BT € Milennium
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Caullflower Rice

This recipe is 3 graat low CHO atamative © rica. For athar flavours add turmaric, cumin or chil

makes $or 3 graat ddton D 530302500 UNCHas O 33 3 2da with your fwoni curry.

SERVES: 4 (1 serva = Tcup) | CARB COUNT: 31 g por zarve | ENERGY: 59 Cal par sorve

Method: Ingredients:
Chop caulifiower into = 1 whole caulfiower
chunis. Place hat in the = 1fnaly dicad onion
(optionx)

tandar bow! and blend -1ttep ot
untll caultiower resamblas . Corandar or pardey
rco. Transter to a bowt finaly chopped
and rapeat with athar hait (eptona’)

= 537t and papper

Swité onion In conut od
and add saason wih @t
papper and hards f usng.
Cook untl caultiowaris st tender. Sarve as an Al mative
D rice with a str-fry or cazmeraia

NOTES

(C) HUMAN POTENTIAL CENTRE
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Caulfiower mash ks a graat alternative to mashad pofato i wou are trying B ot down on your
starhy vagetables

SERVES: 4 ] serva = Toup) | CARE COUNT: 43 g par serva (s n using mild
EHERGTY: 32 Cal par sarva

Method: — Ingradients:

Chop  caulfiowar  into = 1 haad of cauliflower
churnis, seam untl & nda gL s - 2 Bap butiar
Drain and mix in a bonder " ‘ i:ﬂa ';?ﬂ;"::;"‘f‘;cmm
with baiter and afther millk, o2 ] s
cooonut milk, or oraam, L 5 .

untll oot and omamy or “" 'i’

the consstency of mashad -

nacasary Saxcon with salt

and papnsr

Optiomal:
- hoppad parsiay

- Farmasan of your favouria cheese

= Caulfloweer mash can be usedasan aftemative topping

o traditional Shapherds pi, 352 baoa bo a oraamy
cassanode, or to thicken a sealood chowdier.

HOTES

{77 HUMAN POTENTIAL CENTRE G € Millenriurn
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Margherita Caullflower Plzza

And now for something completely difesnt Margarita Plzza with a wheat-fee caulflower base
Usa bafhowar caulifiowar mash to make this pzra basa

SERVES: 1 madum Szod pizrza baco. CARE OBUMNT: 42 g por sorve | ENERGY: 147 Cal por sonea

Method:

Whise caulfiowar mash
with oggs and gratod
cheese Une a plzza pan

Ingredients:

= 1 oup of kftover
caubfiowar mash

= 2 oggs

= 1 cup grated choess

= 2 e tomains sioad

- 1/2 cup tomato pasha

- Bl buarves

- Gmindchessa

with greaseproof  papa
and spread Ccaultiower
michus. Baka at 18000 for
around falt an hour o unt
goddan brown on top

Rasmaowa o tha owven and

ool Top with tomaio pecha, <ling d homarta, el kv s and
grated chease. Return to the owen and bake untill cheasa
s mafted and ks golden bevan on ton Alternatively ton
with your wourite prza toppdng. Keen in mind that the
maiso ks not as flen as a taditional s o so a Bght,
simpha piza Dpping ks bast

NOTES

O LTI e AT ¢ pireium
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Zucchinl Pesto Muffins
Thase muttins are graat sarvad hot or cold with butter and am a good snack for lunch bawas. Thay
tmeze wall.

MAKES: Emuffine | CARB COUNT: 24 g per sana | ENERGY: 156 Cal par sanve

Method: ingredients:
Mix the oggs, cmam choase -~ 6egos
ogat! ’ - 509 cream chaase,
0 1 har unts
m. 2z A u. softenad
wall combined. Add the - 1thep pazto
vogetabes Thansift inthe - 1targe Bmata,
@y ingmdaents Spoon into desooded and
lage mutfin cups/muttin choppod
tayy and bake at 1800C for lhzmnoomm
aimnatel oppad
2 ¥ = 2 zucchinis 150 g
40 minutes or untd tirm to each), gandand
Puch and goiden brown on top. mokture squoszad out
) o - 20g coconut tiour

The can aiso be made as 3 loaf (Use a Skawer to chack it -foaamemm
cooked through, it may raquing an additional 510 minutes v} 4p baldog powes
- Sait and papper to

cooking tima). tann

This racipe has boan adapsad fram Mogan Roberts’ recipe
an the Primal Joumay wabsto.

() HUMAN POTENTIAL CENTRE 17 ¢ Millersium

243



Appendix H Go to guide for low carbohydrate healthy fat living

Method:

Baat eggs and swaotanar
untl thck In a tfood
procezor hiond  whola
famon, Ime and juce until
muiped Fod togethar the
puiped citns, tuter egg
mix, ¥mond flour  baking
powdar and yoghurt. Pour
nto a graxsad ring tin and
e at

Icing Method:

Low Catiofrd it Healty Pt (LOHF

This caka nas a strong emony flavour and keaps wall n the Tidge for saveral days.

) LAMAN POTENTIAL CENTRE

1700C for 35-40 minutes or until 3 skewer comes outciean
Cool in ?ia tin and turn out whan coid.

Baat aF Ingradiants togathar and oo cake whan cold

SERVES: 24 (small sices) | CARS COUNT: 0.2 g par sorve | ENERGY: 123 Cal par sonve

Ingredients:

= 1 whole lamon {and
juce of ancthar iamon)

= 1 whoia ima (or an
axtra ‘emon)

-GS

- 3 mspSeva or Xyitol
(33d an axtra sp for
A swoatar cale)

- 150g matad buttar

~ 1/2 cup natural yoghurt

-1 cup amond maad/

- 1009 croam chaese

~ Lamon uce - to taste

- 1t seviafgita - to
task

= 1/2 cup thickened
cream

(I ¢ Milersium
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Banana Nut Butter Cake
This caka s graat senved Not or cold with butter or craam choase.
SERVES: 24 (small sices) | CARS COUNT: 33 par sarva® | ENERGY:137 Cal par sarve
*Whan mada with paanut buttor.
Method: ingredients:
Baat aggs and add mashod - 6 agos
mananas and nut butter =/ D ISt
g 5 - 1 cup paanut or
Add in tha tmaining dry cashaw nut bustar
mmdaents and mix wail » 1 cup amond may
Baka in 2 30om cake tin at - 2 &p baking powder
1700C tor 25-30 minutesor 8 - 4 tspginger powdar
unti firm © touch. = 1/4 cup chopped
walnuts
NOTES
() HUMAN POTENTIAL CENTRE ST €@ Milleneium
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