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ABSTRACT
Background:
Dietary magnesium intake has reduced in developed countries over the last century, and
consequently average magnesium intakes in New Zealand are well below the recommended
dietary intake. Plausible biological mechanisms and a large body of cross sectional research
have indicated a link between both dietary magnesium intake and magnesium status and
cardiovascular risk factors and individual components of the metabolic syndrome. However,
dietary interventions to modify magnesium intake and status and examine the effect on
cardiovascular risk have not been previously carried out.
Methods:
A randomised controlled weight-loss trial was carried out to examine the effect of a
hypocaloric high carbohydrate, high fibre diet compared with a hypocaloric high protein diet
on dietary magnesium intake and status, and to examine corresponding modifications in
cardiovascular risk and individual components of the metabolic syndrome. Eighty-three
overweight and obese women, who were free from medicated diabetes and dyslipidaeamia,
took part. Fasting plasma magnesium was measured, and dietary magnesium intake was
assessed using a three-day diet record at baseline and at the end of the study.
Results:
Over eight weeks of follow-up, plasma magnesium and dietary magnesium intake did not
change significantly in either diet group. In the high fibre diet group, an increase in 100mg of
dietary magnesium daily was associated with a 1.3kg reduction in weight (p=0.005), an 8%
reduction in fasting insulin concentration (p=0.043) and an 8% reduction in HOMA-IR
(p=0.015). An increase in plasma magnesium concentration by 1mg/L in the high protein diet
group was associated with a 600g weight loss (p=0.013), 350g reduction in trunkal fat
(p=0.016) and an increase in McAuley IS (p=0.020).
Conclusions:
Increases in both dietary magnesium and plasma magnesium were associated with a reduction
in cardiovascular risk factors and individual components of the metabolic syndrome. This
study suggests that weight loss in conjunction with an increase in magnesium intake and
improvements in magnesium status, may work synergistically to reduce cardiovascular risk in
an at risk population.
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1.0

INTRODUCTION

Modifications in diet, lifestyle and the environment over the last century have contributed to a
substantially reduced magnesium intake in developed countries (43, 44). A main cause of this
is thought to be the substantial loss of magnesium in the refinement and processing of food
(44, 45). While magnesium is widely distributed in both plant and animal foods, in New
Zealand average magnesium intakes are well below the recommended dietary intake (46).
Magnesium is the fourth most abundant cation in the body (47) and is a critical cofactor in
many enzymatic reactions of carbohydrate and lipid metabolism (48-51). It is crucial for
insulin action as cofactor of tyrosine kinase, maintaining vascular tone and glucose
transportation and oxidation (7, 52). These mechanisms as well as the temporal associations
between reduction in magnesium intake and an increase in the incidence of type II diabetes
(53, 54), have lead to a growing body of evidence from both experimental and observational
studies suggesting that magnesium may protect against a cluster of chronic metabolic
disorders including diabetes mellitus, insulin resistance and the metabolic syndrome (6, 7, 9,
21, 23, 28, 30, 35, 36, 55).
Hypomagnesaemia is widely researched and is suspected to be both a cause and
consequence of type II diabetes and insulin resistance (6, 42, 49). However, the relationship
between dietary magnesium intake, magnesium status and the metabolic syndrome has been
investigated to a much lesser degree. Minimal longitudinal and experimental data are
available, although a negative cross sectional association has been found in a number of
studies (3, 9, 11, 17, 24, 28, 30, 36). The strength of association between magnesium and
individual components of the metabolic syndrome varies. Associations between magnesium
intake and status and insulin resistance and hypertension are well established, with
magnesium supplementation resulting in improvements in these variables (7, 55-58). Fewer
studies have examined the associations between magnesium intake and status and body
composition, dyslipidaemia and inflammation. Longitudinal data with respect to magnesium
and cardiovascular risk factors and components of the metabolic syndrome are rare, and no
studies to date have used dietary manipulation as a means of altering magnesium intake and
status.
This study was a weight loss trial designed to determine whether a hypocaloric high
fibre diet improved cardiovascular risk factors and components of the metabolic syndrome to
a greater extent than did a hypocaloric high protein diet, in an at risk population. Secondary
data analysis occurred to examine the associations between changes in dietary magnesium
intake and magnesium status, with concurrent changes in cardiovascular risk factors and
1

components of the metabolic syndrome. It was hypothesised that magnesium intake would
increase in the high fibre diet group, and decrease in the high protein diet group, and
corresponding changes in magnesium status would be observed. With increases in dietary
magnesium intake and magnesium status, it was hypothesised that cardiovascular risk factors
and individual components of the metabolic syndrome would improve.

2

2.0

LITERATURE REVIEW

2.1

Magnesium physiology

2.1.1

Magnesium distribution and function

Magnesium is the fourth most abundant cation in the body, and the second most prevalent
intracellular cation (47). The average human body normally contains approximately 24g
(1mol) of magnesium, of which 65% is in the skeleton, 27% in the muscle, 7% in other soft
tissues and 1% in the extracellular fluid (59). Less than 1% of the body’s magnesium is
contained in the blood, with only 0.3% in the serum (48, 60). Magnesium forms an integral
part of the inorganic structure of the skeleton as part of the surface constituent of the
hydroxyapatite mineral component (61). It is a cofactor in over 300 enzymatic reactions in the
body involved in glycogen breakdown, fat oxidation and adenosine triphosphate synthesis, as
well as playing an essential role in maintaining insulin sensitivity in target tissues (47, 62, 63).
Magnesium is also necessary for the replication of DNA and synthesis of RNA and protein
(61).
2.1.2

Magnesium metabolism and homeostasis

Magnesium homeostasis involves the interaction of three homeostatic mechanisms: the
kidney, the small intestine and the bone. Magnesium is absorbed primarily in the small
intestine by both facilitated process and simple diffusion (61). The efficiency of absorption
varies with the magnesium content of the diet, ranging from 24% on a high magnesium diet to
75% on a low magnesium diet (47, 64, 65). Excretion is performed primarily through renal
pathways (47). The kidneys filter approximately 2400mg of magnesium each day, of which
approximately 120mg (5%) is excreted in the urine. In magnesium deprivation, the fractional
excretion may reduce to less than 12mg/day (0.5%) and conversely, fractional excretion can
increase if faced with an increased magnesium intake (66-68). In acute magnesium
deprivation, these mechanisms of variable absorption and excretion can maintain overall
magnesium balance. However, if magnesium depletion continues for a prolonged period,
serum magnesium declines and exchangeable bone magnesium (approximately 33% of all
bone magnesium) contributes to the maintenance of extracellular fluid magnesium
concentration (69-71).
2.1.2.1

Assessment of magnesium status

Assessment of magnesium status is difficult because of the uncertainty about which tissue
pool is in equilibrium with total body magnesium and because a physiological functional test
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does not exist (48). The absence of a consensus method of magnesium status measurement
makes a comparison of studies using various methods, difficult. Serum magnesium is the
most widely used measure of magnesium status due to the ease of which it can be measured
and the well-established methods of analysis, however the sensitivity and specificity of this
test is low (72). Approximately 1% of total body magnesium exists in the serum, and
concentrations are often normal, despite low erythrocyte, mononuclear cell and muscle
magnesium (48, 60). Consequently, the use of serum magnesium as an indicator of body
magnesium status is of questionable value. While several older studies use plasma magnesium
as an indicator of magnesium status, it is now recognised that serum measures are superior
because the anticoagulants used in plasma collection may affect the assay procedure or be
contaminated with magnesium (32, 38, 42).
Approximately 55% of serum magnesium exists in the physiologically active, free
ionised Mg2+ form (72). Several recent studies have used serum ionised magnesium,
measured using ion-specific electrodes, as an indicator of magnesium status (12, 20).
However, because this is a relatively new method, more research is needed to establish
whether serum ionised magnesium is useful for diagnosing magnesium depletion.
Erythrocyte, leukocyte and mononuclear magnesium have been used as measures of
magnesium status in few studies (28, 34, 38). Erythrocyte, leukocyte and mononuclear
magnesium concentrations can be altered in numerous disease states and do not correlate with
concentrations in other tissue pools of magnesium and therefore may be of limited usefulness
for assessing magnesium status (72, 73). Muscle magnesium concentration has been used to
assess magnesium status, as it is a major tissue magnesium storage site accounting for
approximately 27% of total body magnesium (72). Because of the invasive nature of
gathering samples, few studies have used this method to determine magnesium status. Further
research is needed to determine whether muscle magnesium is a superior measurement over
more common, and less invasive indices such as serum magnesium concentration.
Serum magnesium can be readily measured by atomic absorption spectophotometry
(AAS) or a colorimetric method that uses either calgamite or methylthymol blue as the
chromophore (72, 74). These two methods are most commonly used in the literature and have
comparable results. Serum ionised magnesium can be measured using ion-specific electrodes,
and erythrocyte magnesium is determined indirectly by calculating the difference between
whole blood and serum magnesium. Leukocyte, lymphocytes and mononuclear cell
magnesium are usually measured by AAS after the addition of a lysing agent (72). With the
multiple tissues analysed for magnesium and a wide range of methods for analysing the
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magnesium concentration of each of these tissues, there is a large scope for variation in
results.
2.1.3

Dietary magnesium intake

To maintain adequate magnesium balance in a healthy person, the recommended dietary
intake (RDI) for New Zealand women is 310mg/day in those aged 19-30 years and
320mg/day in those aged 31 years and older (43). For men, the RDIs are 400mg/day for 19 to
30 year olds and 420mg/day for those 31 years and older (43). Results of the 1997 National
Nutrition Survey (NNS) show that the average daily magnesium intake for women and men
were lower than the respective RDIs, at 265mg/day and 365mg/day respectively (46).
Magnesium is widely distributed in both plant and animal foods. Green vegetables, legumes,
beans, nuts, seeds and unrefined cereals are rich in magnesium and highly refined cereals,
fruits and fats and oils contribute little magnesium to the diet (45). Magnesium is almost
completely lost during the processing of foods, which along with the adoption of western
diets, has contributed to a substantially reduced magnesium intake in developed countries
during the last century (35, 43, 44).
2.1.3.1

Assessment of dietary magnesium intake

In large population studies, magnesium intake is primarily assessed by semi-quantitative food
frequency questionnaire, due to the low respondent burden and the ease of which it can be
processed. Its use is appropriate in such studies, especially when the data are presented
categorically. However, when used in studies of small sample size it is less appropriate
because of the associated large margin of error (29, 33). Respondent memory lapses, incorrect
estimation of portion sizes, coding errors and mistakes in the handling of mixed dishes all
contribute to this error, which is larger when using food frequency questionnaires than when
using other methods (72). Food frequency questionnaires used in the literature were also
unlikely to have been validated for magnesium intake and for the particular population in
which the study was being carried out, which can lead to error in dietary intake.
Twenty-four hour recall has been used to assess nutrient intake in several studies
mentioned in this literature review (4, 30, 41). Twenty-four hour recall assesses the actual
intake of individuals the preceding day and is not sufficient to determine an individuals usual
intake of food and nutrients, however it can give a valid measure of the intake of a group or
population (72). The success of this method depends on the participant’s memory, ability to
estimate portion sizes and on the consistency of the interviewer. However, it is an appropriate
tool when to use when large participant numbers restrict the use of diet records.
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A weighed diet record is the most precise method available for estimating usual food
and nutrient intakes of individuals, but diet records can also be estimated using household
measures or pictures (72). The number of days included in the record varies, but weekend
days should always be included proportionately. Magnesium intakes have been estimated
using this method in only one previous study (11). Error is reduced in this method of dietary
assessment due to the removal of interviewer bias and respondent memory lapses. However,
respondent burden is high, and therefore a limitation of using this method is that participants
may change their usual eating behaviour to simplify the process or to impress the investigator
(72). If completing an estimated diet record, the incorrect estimation of portion sizes can also
introduce error (72).
2.1.4

Study design in magnesium research

The majority of studies examining associations between magnesium and cardiovascular risk
are cross sectional. This study design has many limitations, especially when examining a
disease that has a long latency period, for example type II diabetes, because both the exposure
and the outcome are measured at the same time. It cannot be distinguished whether the diet
was a result of the disease or if the diet preceded the disease, and thus, this study design
cannot establish causal relationships (75). Prospective cohort studies follow individuals over
time to identify health outcomes and are more appropriately used to define the natural history
of a disease process (75). This study design is stronger than a cross sectional design because it
is not affected by antecedent-consequence bias, inherent in cross sectional studies (76). One
limitation of the cohort study is when the risk factor in question is only measured at baseline.
This occurs in numerous studies, where magnesium intake and magnesium status are only
measured at baseline, therefore introducing error associated with a change in diet or
magnesium status (6, 10, 21-23, 40). Many of these studies however, are part of large
prospective cohort studies such as the ARIC study, the Women’s Health study, the Nurses
Health study and the EPIC study, and aren’t designed to examine associations between
magnesium and cardiovascular risk factors. Cohort studies are expensive to conduct, take a
long follow-up time to generate useful data and are therefore sensitive to attrition.
Nevertheless, the results that are obtained from long-term cohort studies are of superior
quality to cross-sectional studies, and are considered the gold standard in observational
epidemiology (75).
Randomised trials are considered the gold standard of study designs, and are used to
demonstrate the efficacy of a particular intervention (75, 76). Few studies included in this
literature review are randomised trials, except those examining the associations between
magnesium and insulin sensitivity and magnesium and blood pressure (7, 55-57). Perhaps the
6

greatest weakness in magnesium and cardiovascular risk research is the lack of randomised
trials, meaning that while associations can be acknowledged, the applicability to the
population health is limited.

2.2

Magnesium and cardiovascular disease

2.2.1

Definition and pathogenesis of cardiovascular disease

Cardiovascular disease is a group of disorders of the heart and blood vessels, with similar
underlying pathological processes. These include coronary heart disease, cerebrovascular
disease and peripheral arterial disease (77, 78). Ischaemic heart disease is one of the most
prevalent types of coronary heart disease, which is characterized by reduced blood supply to
the heart muscle, usually due to atherosclerosis of the coronary arteries (77). Stroke resulting
from cerebrovascular disease is also common, which is caused by a burst or obstructed blood
vessel, which interrupts the blood supply to the brain, causing damage to the brain tissue (79).
2.2.2

Prevalence and aetiology of cardiovascular disease

Over 17 million deaths globally were attributed to cardiovascular disease in 2004, which
accounted for almost 30% of all deaths. Of these, an estimated 7.2 million were due to
coronary heart disease and 5.7 million were due to stroke (77). In 2006 and 2007, over 5% of
adults in New Zealand had been diagnosed with ischaemic heart disease, which equates to
160,000 adults, including 118,500 with angina and 89,400 who had a heart attack (80). A
stroke had been experienced by 1.8% of adults which equates to 57,700 people (80).
The most important behavioural risk factors of heart disease and stroke are unhealthy
diet, physical inactivity and tobacco use. These risk factors are responsible for about 80% of
coronary heart disease and cerebrovascular disease (79). The effects of these risk factors are
expressed in individuals as intermediate risk factors, such as raised blood pressure, raised
blood glucose, abnormal blood lipids (particularly low density lipoprotein cholesterol), and
and overweight (body mass index (BMI) ≥25 kg/m2) and obesity (BMI ≥30 kg/m2 (77).
Collectively, these intermediate risk factors form the metabolic syndrome.
2.2.3

Evidence for an association between magnesium and cardiovascular disease

An inverse relation between water hardness and death from cardiovascular disease has been
observed in a number of studies since it was first suggested in 1957 by Kobayashi (81).
Kobayashi found that stroke-related deaths appeared to be higher in areas of soft water than in
areas of hard water. Water hardness is determined by the concentration of dissolved minerals,
primarily the concentrations of magnesium and calcium. This finding was followed up with
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an ecological study carried out in the United States, in which a negative correlation between
incidence of cardiovascular disease and the hardness of drinking water was found (82). In a
subsequent study, it was found that coronary artery death rates among white United States
males were negatively correlated with the magnesium content of drinking water (83). A
considerable number of studies have been published since, investigating this association in
different nations. The majority however, have been ecological in design. While these are
beneficial for hypothesis generation and preliminary investigation, they have many limitations
and are unable to investigate causality.
A recent systematic review addresses these issues by only looking at analytical
epidemiological studies (84). The pooled odds ratio from seven comparable case control
studies showed a statistically significant inverse association between magnesium in drinking
water and cardiovascular mortality (OR 0.75, 95% CI 0.68-0.82) although there was no
association between water hardness and mortality from stroke or cardiovascular disease.
Despite the ecologic correlation between magnesium content of drinking water and death
from chronic disease being controversial, there is growing evidence from both experimental
and observational studies suggestive that low magnesium intake and magnesium status may
be risk factors for a cluster of chronic metabolic disorders including insulin resistance, type II
diabetes, cardiovascular disease, and hypertension.
2.2.3.1

Mechanisms for the role of magnesium in chronic disease

As a direct antagonist of intracellular calcium, intracellular magnesium has been hypothesised
to be a link between cardiovascular disease, type II diabetes mellitus, insulin resistance and
hypertension. The beneficial effects of magnesium have been explained by several
mechanisms, including the improvement of glucose and insulin homeostasis, lipid
metabolism, vascular and myocardial contractility, antiarrhythmic effects, anticoagulant and
antiplatelet effects, increased endothelium-dependent vasodilation and most commonly,
systemic inflammation (7, 27, 50, 51, 85-88).

2.3

Magnesium and type II diabetes

2.3.1

Definition and pathogenesis of type II diabetes

Diabetes mellitus is a group of metabolic disorders characterised by raised blood glucose
levels resulting from defects in insulin secretion, insulin action, or both, giving rise to
microvascular damage (89). Type II diabetes mellitus is the most common type of diabetes
and usually develops in adulthood. It is associated with reduced life expectancy and

8

significant morbidity due to vascular complications including ischaemic heart disease, stroke
and peripheral vascular disease (90). Type II diabetes is of unknown aetiology, but is a
continuous progressive metabolic disorder and often begins with years of asymptomatic
insulin resistance, hyperglycaemia and compensatory hyperinsulinaemia before it results in
the exhaustion of pancreatic beta cells that ultimately leads to an irreversible state of diabetes
(91-93). The mechanisms by which these changes occur is not entirely clear, but could result
from the excessive secretion of insulin leading to beta cell exhaustion, or the toxicity of
glucose to the beta-cells (94, 95).
2.3.2

Prevalence of type II diabetes

Changes in lifestyle, behaviour and the environment over the last century have resulted in a
substantial increase in the incidence of type II diabetes worldwide (53, 54). The global
prevalence of type II diabetes mellitus was estimated to be 171 million in 2000 (2.8%) in all
age groups, and is expected to rise to 366 million (4.4%) by 2030 (54). In New Zealand, there
were approximately 143,000 diagnosed type II diabetic adults in 2006, which is 5% of the
adult population. It was expected that the total number of type II diabetics (including
undiagnosed) was up to twice this (96-98). European and other ethnicities had a prevalence of
diagnosed type II diabetes of 4.3%. Maori and Asian people were more likely to be
diagnosed, with a prevalence of 5.8 and 6.5% respectively, and Pacific people had a
prevalence three times that of New Zealand European and other ethnicities (10.0%) (80).
2.3.3

Aetiology and associated complications of type II diabetes

Type II diabetes is caused by a combination of genetic and lifestyle factors. The single
greatest risk factor for type II diabetes is obesity, and the World Health Organisation (WHO)
estimated that in 2005 there were 1.6 billion overweight adults, and at least 400 million obese
adults worldwide (90). A family history of type II diabetes confers a 2.4 times greater risk and
15-20% of first-degree relatives of type II diabetics develop impaired glucose tolerance or
diabetes (99). Other significant risk factors for type II diabetes are abdominal obesity and
physical inactivity (95). The complications of type II diabetes are accelerated atherogenesis,
macrovascular (amputation and cardiovascular disease mortality) and microvascular (diabetic
retinopathy, loss of vision, and nephropathy) diseases (95, 100). These result in abnormal
blood lipid patterns, hypertension and other haemodynamic changes, which can lead to
coronary heart disease (101). However, research suggests that the risk of cardiovascular
complications begin many years before the onset of clinical diabetes, leading to the belief that
type II diabetes could often be a manifestation of a much broader underlying disorder (102,
103). Approximately 75 to 80% of diabetics die of cardiovascular disease, and
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Table 2.1: Summary of the literature examining the relationship between magnesium status and type II diabetes
Type of study

Participants

Method of magnesium status
measurement

F10

Title

Author

Prospective cohort

Hypomagnesaemia and risk for
metabolic glucose disorders: a
10-year follow-up study (13).

Guerrero-Romero F, RasconPacheco RA, Rodriguez-Moran
M, et al.

1,122 participants aged 20-65,
followed up for 10 years.

Serum magnesium analysed by
colorimetric method, with a
clinical chemistry autoanalyser.

Hypomagnesaemic participants (serum magnesium
<0.74mmol/l) had a RR of 2.54 (95% CI:1.1-4.1) of
developing diabetes compared with nonhypomagnesaemic participants, after adjusting for
confounders.

Prospective cohort

Serum and Dietary Magnesium
and the Risk for Type II
Diabetes Mellitus: The
Atherosclerosis Risk in
Communities Study (21).

Kao WHL, Folsom AR, Nieto
FJ, et al.

12,128 non-diabetic participants
from the ARIC study aged 4564, followed up for 6 years

Serum magnesium
measurement based on
procedure of Gindler and Heth
(8), and atomic absorption
spectrophotometry.

In black people there was no linear association between
incidence of diabetes and serum magnesium levels.
However, a strong inverse relationship between serum
magnesium and type II diabetes in white people was
shown.

Cross sectional

Hypomagnesaemia is linked to
low serum HDL-cholesterol
irrespective of serum glucose
values (31).

Guerrero-Romero F, RodriguezMoran M.

160 type 2 diabetics and 190
healthy controls

Serum magnesium analysed by
colorimetric method.

No significant difference in serum magnesium levels
between diabetics and controls was seen.

Cross sectional

Serum and Dietary Magnesium
and the Risk for Type II
Diabetes Mellitus: The
Atherosclerosis Risk in
Communities Study (21).

Kao WHL, Folsom AR, Nieto
FJ, et al.

14,536 non-diabetic participants
from the ARIC study aged 4564

Serum magnesium
measurement based on
procedure of Gindler and Heth
(8), and atomic absorption
spectrophotometry.

Serum magnesium was associated with incidence of
type II diabetes in both black and white participants.

Cross sectional

Tissue magnesium status in
diabetes mellitus (38).

Levin GE, Mather HM,
Pilkington TR.

17 Healthy participants and 17
insulin dependent diabetics,
aged between 13 and 69.

Plasma magnesium analysis by
atomic absorption
spectrophotometry.

Plasma magnesium was significantly lower in diabetics
compared with controls. There was no difference in
either leukocyte or erythrocyte magnesium between
diabetics and controls.

Cross sectional

Associations of serum and
dietary magnesium with
cardiovascular disease,
hypertension, diabetes, insulin,
and carotid arterial wall
thickness: The ARIC study (6).

Ma J, Folsom AR, Melnick SL,
et al.

15,248 participants aged
between 45-64 randomly
selected from 4 areas in the US,
from the ARIC study.

Serum magnesium
measurement based on
procedure of Gindler and Heth
(8), and atomic absorption
spectrophotometry

Serum magnesium was significantly lower in type II
diabetics than in healthy individuals free of
hypertension, cardiovascular disease and diabetes.

Cross sectional

Hypomagnesaemia in diabetes
(42).

Mather HM, Nisbet JA, Burton
GH, et al.

582 diabetics and 140 controls,
aged 7-92 years.

Plasma magnesium analysis by
atomic absorption
spectrophotometry.

Results

Plasma magnesium was significantly lower in diabetics
compared with controls.

cardiovascular morbidity in diabetics is two to four times greater than that of non-diabetics
(104). It is estimated that premature mortality caused by diabetes results in 12-14 years of life
lost (105).
2.3.4

Evidence for an association between magnesium and type II diabetes

Research over the last 50 years has demonstrated that abnormal magnesium homeostasis
exists in both type 1 and type II diabetes. However it was not until the late 1970’s, and to a
greater extent the 1990’s that large epidemiological studies were conducted, expanding the
body of evidence suggesting an association between magnesium and type II diabetes. A
summary of the literature to date is presented in Tables 2.1 and 2.2.
2.3.4.1

Magnesium status and type II diabetes

Hypomagnesaemia is a common feature in type 2 diabetics, and although diabetes can induce
hypomagnesaemia, magnesium deficiency has also been proposed as a risk factor for type II
diabetes (6, 49). The main risk factors for the development of type II diabetes such as obesity,
low-grade chronic inflammatory syndrome, aging, diet and family phenotype are also
associated with hypomagnesaemia (106-108). This, in combination with cellular and
molecular mechanisms aforementioned, indicates that an association between magnesium
status and type II diabetes is feasible.
Hypomagnesaemia in diabetes is a widely recognised finding, of which the earliest
observations were by Stutzman and Amatuzio in 1953 (109). Since then, an abundance of
cross sectional studies have addressed the relationship between magnesium status and type II
diabetes. Mather and colleagues reported that in a group of 582 diabetics and 140 controls,
aged 7 to 92 years, plasma magnesium was significantly lower in diabetics compared with
healthy controls (42). In two large case control studies, cohorts of 15,248 and 14,536 persons
from the European Prospective Investigation into Cancer and Nutrition (EPIC) study, aged
45-64 years between 1986 and 1990 were examined (6, 21). Serum magnesium was
significantly lower in type II diabetics than in healthy individuals free of hypertension,
cardiovascular disease and diabetes in both analyses. More recently, a Canadian study of
1,318 adults showed that there was no difference in serum magnesium between diabetics and
non-diabetics, although female diabetics had significantly lower serum magnesium compared
with non-diabetics (5). In contrast, a negative association between hypomagnesaemia and
type II diabetes in a study of 1,453 randomly selected adults in Australia (18).
The evidence for an association between magnesium status and type II diabetes is
inconsistent, with inverse associations (32, 38) as well as no associations found (31, 39).
These inconsistencies may be due to differences in tissue for magnesium status determination,
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Table 2.1 continued: Summary of the literature examining the relationship between magnesium status and type II diabetes
Type of study

Cross sectional

Title

Relationship between serum
magnesium values, lipids and
anthropometric risk factors (5).

Author

Randell EW, Mathews M,
Gadag V, et al.

Participants

Method of magnesium status
measurement

Results

1,318 adults aged 19-92.

Serum magnesium analysed by
clinical chemistry autoanalyser.

No difference in serum magnesium was seen between
diabetics and non-diabetics. However, female diabetics
had significantly lower serum magnesium that of nondiabetics.

Intracellular free magnesium and serum ionised
magnesium were significantly lower in diabetics
compared with controls. There was no difference in
serum magnesium between diabetics and controls.

Intracellular and extracellular
magnesium depletion in type II
(non-insulin-dependent)
diabetes mellitus (20).

Resnick LM, Altura BT, Gupta
RK, et al.

22 participants with type II
diabetes and 30 non-diabetic
controls.

Cross sectional

Hypomagnesaemia in type II
(non-insulin-dependent)
diabetes mellitus is not
corrected by improvement of
long-term metabolic control
(32).

Schnack C, Bauer I, Pregant P,
et al.

50 type II diabetics and 50healthy, age and sex matched
controls.

Plasma magnesium analysed by
the colorimetric method, with a
clinical chemistry autoanalyser.

Plasma magnesium was significantly lower in type II
diabetics compared with the healthy controls.

Cross sectional

Hypomagnesaemia is associated
with diabetes: Not pre-diabetes,
obesity or the metabolic
syndrome (18).

Simmons D, Joshi S, Shaw J.

1,453 randomly selected adults
aged older than 25 from
Australia

Serum magnesium analysed by
Hitachi chemical analyser.

Hypomagnesaemia was 10 times more common in new
diabetics and 8 times more common in known diabetics
compared non-diabetics, after adjustment for
confounders.

Cross sectional

Fasting plasma magnesium
concentrations and glucose
disposal in diabetes (39).

Yajnik CS, Smith RF,
Hockaday TD, et al.

87 diabetics and 30 nondiabetics

Plasma magnesium analyses by
neutron activation analysis.

F11

Cross sectional

Serum magnesium analysed by
clinical chemistry autoanalyser,
intracellular free magnesium
analysed by NMR
spectroscopy, and serum
ionised magnesium analysed by
ion specific electrodes.

No difference in plasma magnesium concentration was
seen between diabetics and non-diabetics.

difference in methodology for magnesium analysis and small study numbers. For example, no
association was found between serum magnesium and type II diabetes in a study of 22 type II
diabetics and 30 controls however, intracellular free magnesium and serum ionised
magnesium were significantly lower in diabetics compared with controls (20). While
associations between type II diabetes and serum magnesium are regularly found in larger
studies, it is thought that the differences in this particular study may have occurred because
intracellular free and serum ionised magnesium are superior measures of total body
magnesium and therefore are associated more strongly with type II diabetes than is serum
magnesium (48, 66). This would explain why associations between serum magnesium and
diabetes tend to only be found in larger studies. The Atherosclerosis Risk in Communities
(ARIC) study followed up 12,128 non-diabetic participants aged 45 to 64 for 6 years, and a
strong inverse relationship between serum magnesium and type II diabetes was found in
white, but not black participants (21). A ten year follow-up study which enrolled 1,122
participants aged 20 to 65, showed that hypomagnesaemic participants (serum magnesium
<0.74mmol/l) had a relative risk of 2.54 (95% CI:1.1-4.1) of developing type II diabetes
compared with non-hypomagnesaemic participants, after adjustment for confounding factors
(13).
Although not entirely consistent, evidence from prospective and cross sectional studies
suggests a probable association between magnesium status and type II diabetes. However,
further research is needed to determine whether the negative association often observed is
apparent in all ethnicities.
2.3.4.2

Magnesium intake and type II diabetes

As dietary magnesium is essential to maintaining magnesium homeostasis, it is plausible that
there may be an association between dietary magnesium intake and type II diabetes. An
association between magnesium intake and incidence of type II diabetes has been found in
several large prospective cohort studies (10, 21-23, 25, 35, 40, 110-112). The first prospective
study that addresses this association, analysed six years of follow up data from a cohort of
84,360 United States (US) women in the Women’s Health Study (22). A significant inverse
association between dietary magnesium and incidence of type II diabetes was observed,
although this was attenuated when the model was adjusted for confounding factors. Two
cohorts of 65,173 women aged 40 to 65 years and 42,759 men aged 40 to 75 years were
analysed over six years of follow up (111, 112). An inverse relationship between dietary
magnesium intake and incidence of type II diabetes in both cohorts was seen, with relative
risks of 0.62 (CI: 0.50-0.78) in women and 0.72 (CI: 0.54-0.96) in men when comparing the
highest quintile of intake with the lowest, after adjustment for confounding factors.
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Table 2.2: Summary of the literature examining the relationship between magnesium intake and type II diabetes
Type of study

Title

Authors

Participants

Method of magnesium
intake measurement

Results

F12

Meta-analysis

Magnesium intake and risk of
type II diabetes: a metaanalysis (2).

Larsson SC, Wolk A.

Prospective cohort studies reporting relative risk for
an association between magnesium intake and type II
diabetes in any language from 1966 to Feburary
2007 (n=7).

Meta-analysis

Fiber and Magnesium Intake
and Incidence of Type 2
Diabetes: A Prospective Study
and Meta-analysis (10).

Schulze MB, Schulz
M, Heidemann C, et al.

8 prospective cohort studies investigating the
association between type II diabetes and magnesium.

Prospective cohort

Diet and risk of clinical
diabetes in women (22).

Colditz GA, Manson
JE, Stampfer MJ, et al

84,360 United States women, aged 30-55, followed
up for 6 years as part of the Women’s Health study

61 item FFQ at baseline

Magnesium intake was inversely associated with the
risk of diabetes, although this was attenuated once
adjusted for confounders.

Prospective cohort

Glycemic index and dietary
fiber and the risk of type II
diabetes (25).

Hodge AM, English
DR, O'Dea K, et al.

36,787 men and women aged 40-69 without
diabetes, in Melbourne, Australia.

121- item FFQ at
baseline, subset
completed another at 12
months.

Magnesium intake was inversely associated with
incidence of diabetes, with OR = 0.62 (95%CI: 0.430.90) when adjusted for confounders, although this
was not significant when adjusted for BMI and waistto-hip ratio.

Prospective cohort

Serum and Dietary
Magnesium and the Risk for
Type 2 Diabetes Mellitus: The
Atherosclerosis Risk in
Communities Study (21).

Kao WHL, Folsom
AR, Nieto FJ, et al

14,536 non-diabetic participants from the ARIC
study aged 45-64, followed up for 6 years.

61-food FFQ

Dietary magnesium was not associated with
incidence of type II diabetes in either white or black
participants.

Prospective cohort

Magnesium intake and risk of
type 2 diabetes in men and
women (35).

Lopez-Ridaura R,
Willett WC, Rimm EB,
et al.

85,060 women and 42,872 men without diabetes,
cardiovascular disease or cancer, followed up for 18
and 12 years in the Nurses Health study (ages 30-55)
and the Health Professionals Follow-up study (aged
40-75) respectively.

61-item, and later a 131item semi-quantitative
FFQ every 2-4 years

An inverse association was shown between type II
diabetes and quintile of dietary magnesium intake in
both cohorts, after adjustment for confounders.
RR=0.83 (0.73-0.95) and 0.76 (0.61-0.94) comparing
the top versus the bottom quintile in women and men
respectively.

Carbohydrates, dietary fiber,
and incident type II diabetes
in older women (40).

Meyer KA, Kushi LH,
Jacobs DR, et al

Prospective cohort

35,998 women aged 55-69 from the Iowa Women’s
Health study, followed up for 6 years.

FFQ

Overall RR of type II diabetes for a 100mg/day
increase in magnesium intake was 0.85 (95% CI:
0.79-0.92)

Significant inverse association between magnesium
intake and type II diabetes with RR= 0.77 for the
highest category (quintile or quartile) compared with
the lowest category of intake.

FFQ at baseline

Dietary magnesium intake was inversely associated
with incidence of diabetes.

A recent meta-analysis of prospective studies involving eight cohorts, examined the
association between magnesium intake and type II diabetes (2). A total of 286,668
participants and 10,912 incident cases of diabetes were included, and the overall relative risk
for type II diabetes for a 100mg per day increase in magnesium intake was 0.85 (95%CI:
0.79-0.92). A significant inverse association between magnesium intake and type II diabetes
was observed in four of the cohorts, with relative risks of 1.00 or less in the other four (35, 40,
110). A meta-analysis by Schulze and colleagues combined new data from a prospective
cohort study, where no significant association was observed between magnesium intake and
risk of type II diabetes (RR=0.99), with the previous meta-analysis (10). The addition of this
study did not change the outcome, with an overall relative risk of 0.77 (95% CI: 0.72-0.84)
(10).
Balon and colleagues showed that in a rat model of spontaneous type II diabetes,
magnesium supplementation halted the development of diabetes (113). Of sixteen rats with a
diabetic genotype, eight were given a magnesium-supplemented diet and eight were fed a
standard diet for six weeks, beginning at six weeks of age. By twelve weeks of age, all of the
eight animals on the standard diet had developed type II diabetes, whereas only one of the
eight in the magnesium supplemented group did. While animal studies are useful for
hypothesis generation and to examine relationships that are not possible to study in humans,
the results cannot automatically be applied to human models. This study contributes to the
body of convincing human evidence suggesting that suggests there is an inverse association
between dietary magnesium intake and incidence of type II diabetes.

2.4

Magnesium and the metabolic syndrome

2.4.1

Definition of the metabolic syndrome

The metabolic syndrome is a cluster of important cardiovascular disease risk factors. In 2005,
the International Diabetes Federation (IDF) released a consensus clinical definition of the
metabolic syndrome that required the presence of abdominal obesity as well as any two of the
following four factors: raised triglycerides, reduced high density lipoprotein (HDL)
cholesterol, raised blood pressure or raised fasting plasma glucose (26). Other definitions used
in the literature include the World Health Organization (WHO) criteria which requires the
presence of diabetes mellitus, impaired glucose tolerance, impaired fasting glucose or insulin
resistance, and two of the following: hypertension, hypertriglyceridaemia and reduced HDL,
central obesity or microalbuminuria (1), The US National Cholesterol Education Program
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Table 2.2 continued: Summary of the literature examining the relationship between magnesium intake and type II diabetes
Method of magnesium
intake measurement

F13

Type of study

Title

Authors

Participants

Prospective cohort

Fiber and Magnesium Intake
and Incidence of Type II
Diabetes: A Prospective Study
and Meta-analysis (10).

Schulze MB, Schulz
M, Heidemann C, et al

9,702 men, 15,365 women mostly aged between 3565, recruited in Germany between 1994 and 1998 in
the EPIC study. Participants were followed up for an
average of 7 years.

FFQ at baseline

Magnesium intake was not related to diabetes risk
after adjustment for confounders.

Prospective cohort

Dietary magnesium intake in
relation to plasma insulin
levels and risk of type II
diabetes in women (23).

Song Y, Manson JE,
Buring JE, et al

39,345 United States women from the Women’s
Health study aged older than 44 and followed up for
an average of 6 years.

131-item
semiquantitative FFQ

Magnesium intake was associated with risk of type II
diabetes among women with a BMI≥25.

Cross sectional

Dietary magnesium intake and
the future risk of coronary
heart disease (The Honolulu
Heart Program) (4).

Abbott RD, Ando F,
Masaki KH, et al.

7,172 men in Hawaii of Japanese ancestry, aged 4568, between 1965 and 1968.

24 hour recall

Prevalence of diabetes was significantly lower in
increasing quintiles of dietary magnesium intake.

Cross sectional

Dietary magnesium and fiber
intakes and inflammatory and
metabolic indicators in
middle-aged subjects from a
population-based cohort (17).

Bo S, Durazzo M,
Guidi S, et al

1,653 males and females aged 45-64, recruited from
family pysicians in an italian province, and a subset
of 205 healthy subjects.

FFQ

Participants within the lowest tertile of magnesium
intake were 3-4 times as likely to have type II
diabetes that participants in the highest tertile. This
association was attenuated when adjusted for fibre
intake.

Cross sectional

Associations of serum and
dietary magnesium with
cardiovascular disease,
hypertension, diabetes,
insulin, and carotid arterial
wall thickness: The ARIC
study (6).

Ma J, Folsom AR,
Melnick SL, et al.

15,248 participants aged between 45-64 recruited for
the ARIC study, randomly selected from 4 areas in
the United States.

FFQ

Results

Dietary magnesium intake was higher in those with
type II diabetes, when adjusted for total energy
intake.

Adult Treatment Panel III definition (NCEP ATPIII) (16) is also used regularly in the
literature.

Diagnosis

requires

at

least

three

of

the

following:

central

obesity,

hypertriglyceridaemia, reduced HDL, hypertension or raised fasting plasma glucose. These
three definitions are summarised in Table 2.3.
The metabolic syndrome is a significant predictor of cardiovascular disease and type II
diabetes (26). Those with the metabolic syndrome are twice as likely to die from and three
times as likely to have a heart attack or stoke compared to those without (114). The presence
of the metabolic syndrome also indicates a five times greater risk of developing type II
diabetes (115). While there is no question that the risk factors for cardiovascular disease
cluster together, not all agree that this cluster of features distinguishes a distinct clinical entity
(116). Many have recently questioned whether the construct does anything to improve
prediction of future diabetes or cardiovascular risk above that of its individual components or
relative to other risk prediction tools such as the Framingham score (117-120). The recent
report of a WHO expert consultation on the metabolic syndrome agrees that while it may be a
useful educational and research concept, it has limited practical use as a diagnostic or
management tool (121).
2.4.2

Prevalence of the metabolic syndrome

It is estimated that between 20 and 25% of the worlds adult population have the metabolic
syndrome (122). In New Zealand, several prevalence estimates have been made in small
subsets of the population, but none have been applicable to the general population. Simmons
and Thompson recently conducted a study to determine the prevalence of the metabolic
syndrome (using the NCEP ATPIII definition) in a random sample of adults from South
Auckland (123). In adults aged 40-49 years, the prevalence of the metabolic syndrome was
25% in Europeans, 53% in Maori and 49% in Pacific Islanders. In those aged 60-79 years, the
prevalence was 22% in European, 67% in Maori and 40% in Pacific Islanders. More recently,
Gentles and colleagues conducted a cross sectional study in adults aged 35-74 years within
the Auckland area, using both cluster and random sampling from the electoral roll (124). The
prevalence of the metabolic syndrome (NCEP ATPIII definition) was 39% in Pacific people,
32% in Maori and 16% in others (mainly NZ European). A 2005 Australian study with
participants predominantly of European ethnicity, diagnosed the metabolic syndrome in 23%
using the IDF definition and in 15% using the NCEP ATPIII definition (125). This was
followed up by a population-based survey of 11,000 Australians, where the prevalence of the
metabolic syndrome was 22% using the NCEP ATPIII definition and 31% when using the
IDF definition (126). This indicates that the estimated prevalence of the metabolic syndrome
using IDF criteria in New Zealand populations may be higher than previously reported.
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Table 2.3: Summary of definitions of the metabolic syndrome
WHO, 1999 (1)

IDF, 2005 (26)

Type II diabetes, impaired glucose tolerance
or insulin resistance, plus two or more of the
following:

Three or more of the following risk factors:

Central obesity determined by ethnicity
specific waist circumference cutoffs: for
Europoids ≥94cm for males or ≥80cm for
females, plus two or more of the following:

Obesity

BMI> 30km/m2 or waist to hip ratio> 0.9 in
males or >0.85 in females

Waist circumference≥ 94cm for males or
≥80cm for females

Dyslipidaemia

Triglycerides≥ 1.7mmol/L or
HDL<0.9mmol/L in males or <1.0 in
females

Triglycerides >2.0mmol/L or HDL
<1.0mmol/L

Hypertension

Blood pressure ≥ 140/90mmHg or on
antihypertensive medication

BP ≥ 140/90mmHg or on antihypertensive
medication

Systolic BP ≥130mmHg or diastolic
BP ≥85mmHg or treatment of previously
diagnosed hypertension

Microalbuminuria

Albumin excretion≥ 20µg/min or
albumin:creatinine ratio≥ 30mg/g

Fasting plasma glucose ≥6.1mmol/L

Fasting plasma glucose ≥5.6mmol/L or
previously diagnosed type II diabetes

F14

NCEP ATP III, 2001 (16)

Hyperglycaemia

Triglycerides >1.7mmol/L

HDL <1.03 in males or <1.29 in females or
on medication for this lipid abnormality

2.4.3

Predictors of the metabolic syndrome

The prevalence of the metabolic syndrome is affected by a number of both modifiable and
non-modifiable, interrelated factors.
2.4.3.1

Non-modifiable risk factors for the metabolic syndrome

With increasing age, there is an increased prevalence of most components of the metabolic
syndrome, as well as the metabolic syndrome as a whole. In the 3rd National Health and
Nutrition Examination Survey (NHANES) carried out in the United States, the prevalence of
the metabolic syndrome increased from 6.7% in participants aged 20-29 to 43.5% in those
aged 60-69 years and 42.0% in participants aged 70 or older (127). This trend was also seen
in the follow up to this study, NHANES 1999-2000 (128). It is thought that this increase in
prevalence may be due to the increased body weight and decreased physical activity that is
seen in the aging population (129).
It is expected that the prevalence of the metabolic syndrome is higher in men than in
women, due to the higher prevalence of central obesity in men for a given body mass index
(130). This was substantiated in a 2004 study of non-diabetic European men and women from
eight populations, where the prevalence of the metabolic syndrome (using WHO criteria) was
higher in men than in women (131). In the 3rd NHANES study (1988-1994), the age-adjusted
prevalence of the metabolic syndrome in women was 29.2% and in men was 31.4%. Recently,
this trend has reversed and women have been shown to have a higher prevalence of the
metabolic syndrome than men. In the NHANES 1999-2000 survey, women had a prevalence
of 32.9% and men of 31.8% (128). It is thought that this increasing prevalence of the
metabolic syndrome in women is due to the increasing prevalence of overweight and obesity
in United States females (132). The effect of generalised obesity is so strong that, in
populations where obesity is more common in women than in men, the prevalence of the
metabolic syndrome is also higher in women (130).
Genetics can influence the development of the metabolic syndrome in multiple ways.
Each of the syndrome’s key components; obesity, dyslipidaemia, dysglycaemia and
hypertension, have a genetic basis for which candidate genes have been identified. Several
genes have also been identified that could act within a common pathway to affect multiple
components of the syndrome (133). A twin study in United States males observed that
concordance of clustering of hypertension, diabetes and obesity between twin individuals,
were reported in 31.6% of monozygotic pairs but only 6.3% of dizygotic pairs (134). A
similar trend was seen in female twins in a successive study suggesting a heritable
contribution in the clustering of metabolic syndrome factors (135).
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The prevalence of the metabolic syndrome is different between ethnic groups. In New
Zealand, the prevalence is estimated to be 39% in Pacific people and 32% in Maori, compared
with a prevalence of 16% in others (124). It is thought that these ethnic differences can be
accounted for by differences in obesity rates (80).
2.4.3.2

Modifiable risk factors for the metabolic syndrome

Cigarette smoking has long been linked to insulin sensitivity, however it has only recently
been directly associated with the metabolic syndrome (136, 137). Cross sectional studies have
shown a graded increase in the prevalence of the metabolic syndrome amongst those who had
never smoked, former smokers and current smokers (138, 139). It is thought that that the
difference in prevalence may be due to lower HDL cholesterol and higher triglycerides in
current smokers compared with those who have never smoked (139).
Most of the effects of physical activity on the metabolic syndrome are thought to be due
to changes in fat distribution and obesity (130). In a study of 7,104 women, the prevalence of
the metabolic syndrome (defined using NCEP ATPIII criteria) decreased across quintiles of
cardiorespiratory fitness, when adjusted for age and smoking from 19% in the quintile of
lowest cardiorespiratory fitness to 2.3% in those in the highest (140). The Whitehall II study
of 5,153 white Europeans, found that both moderate and vigorous physical activity were
associated with lower prevalence of the metabolic syndrome (141). When adjusted for BMI,
the association with moderate activity was attenuated, however, the association between the
metabolic syndrome and vigorous physical activity was still significant, implying that
physical activity has an effect on components of the metabolic syndrome, independent of the
effect on BMI.
2.4.3.2.1 Diet as a modifiable risk factor for the metabolic syndrome
The rising prevalence of obesity worldwide appears to be largely responsible for the parallel
rise in the prevalence of the metabolic syndrome (142-147). This indicates that the lifestyle
factors promoting obesity must play an important role in the aetiology of the metabolic
syndrome. Obesity is known to contribute to hypertension, hypercholesterolaemia, low HDL
and hyperglycaemia and is independently associated with a higher risk of cardiovascular
disease (148, 149). Excess adiposity distributed centrally is the most important nutritionrelated factor determining insulin resistance, and independently of obesity, has been
associated with an increased risk of both cardiovascular disease and type II diabetes mellitus
(150, 151). While BMI is an important evaluation tool for obesity and cardiovascular risk, it
has been shown that combining this with measures of lean body mass can be more a more
accurate predictor. It has been shown that although approximately half of all obese people are
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insulin resistant, greater lean body mass is an important characteristic of those obese
individuals who are not (152).
Epidemiological studies strongly support the suggestion that high dietary consumption
of whole grain foods protect against the development of type II diabetes (153-156). Compared
with refined-grain products, whole-grain products are generally digested and absorbed more
slowly because of their physical form and high content of viscous fiber, and they elicit smaller
postprandial glucose responses, thus exerting less insulin demand on the pancreatic β-cells
(157). Because of these physiological effects, wholegrains have also been associated with
insulin sensitivity, obesity and the metabolic syndrome (158-160). Results appear to be
consistent with the suggestion that consumption of whole grain foods conveys health benefits
over and above the effect of fibre and glycaemic index (161, 162).
It is commonly thought that the beneficial effects of a high fibre diet can primarily be
attributed to the viscous and gel-forming properties of soluble dietary fibre, although it has
been suggested that insoluble fibre may reduce diabetes risk by affecting hepatic insulin
sensitivity through the production of short chain fatty acids in the colon (163-165).
Consequently, a reduction in low-density lipoprotein (LDL) cholesterol and improved
glycaemic control may lead to a reduced risk for diabetes and cardiovascular disease (89).
Cereal fibre has also been associated with a decrease in risk of type II diabetes and
cardiovascular disease (10, 166). The evidence supporting an association between fibre and
the metabolic syndrome is much less convincing, however cereal fibre has been positively
associated with the homeostasis model assessment of insulin resistance (HOMA-IR) after
adjustment for wholegrain intake (160).
Diets high in total fat are energy dense and may have low satiety (167, 168). This may
be associated with an increased energy intake and therefore an increased risk of obesity and
consequently, the metabolic syndrome (168). It has been suggested that a high fat diet may
have a negative effect on insulin sensitivity but recent reviews propose that when total fat
intake varies between 20 and 40 percent of total energy intake, no effect on insulin sensitivity
is observed (169, 170). Few studies have addressed proportions of fat higher that 50% of total
energy intake, but they suggest that insulin sensitivity may be reduced in very high fat diets
(170-173). Epidemiological evidence consistently shows that in humans, saturated fat impairs
insulin action, and n-3 unsaturated fatty acids improve insulin action, through modifications
in the composition of cell membranes, while monounsaturated and n-6 polyunsaturated fatty
acids have a much smaller effect (174). A positive association between saturated fat intake
and markers of insulin resistance, independently of body fat has been found in the majority of
studies addressing this issue (169, 170, 175).
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Table 2.4: Summary of the literature examining the relationship between magnesium status and the metabolic syndrome
Type of study

Cross sectional

Title

Hypomagnesaemia, oxidative
stress, inflammation, and
metabolic syndrome (9).

Author

Participants

Method of magnesium status
measurement

Guerrero-Romero F, RodriguezMoran M.

84 women and 63 men with the
metabolic syndrome and 163
women and 131 men that acted
as healthy controls.

Serum magnesium measured by
colorimetric method

A strong association was seen between
hypomagnesaemia (serum magnesium <18.0mg/L) and
prevalence of the metabolic syndrome (NCEP ATPIII
criteria) OR 1.9 (95%CI: 1.3-7.1).

Guerrero-Romero F, RodriguezMoran M.

192 individuals with MS and
384 disorder-free control
subjects, matched by age and
gender.

Serum magnesium measured by
colorimetric method.

The mean serum magnesium level was lower among
subjects with the metabolic syndrome (p<0.00001).
There was a strong independent relationship between
low serum magnesium levels and the metabolic
syndrome (OR=6.8, 95%CI: 4.2-10.9).

Serum and mononuclear
magnesium analysis by atomic
absorption spectrophotometry

Serum and intramononuclear magnesium were
significantly lower in participants with the metabolic
syndrome than those controls without.

Serum magnesium analysis by
Hitachi chemical analyser.

No association was seen between hypomagnesaemia and
the metabolic syndrome or obesity.

Low serum magnesium levels
and metabolic syndrome (24).

Cross sectional

Serum and intracellular
magnesium deficiency in
patients with metabolic
syndrome--evidences for its
relation to insulin resistance
(28).

Lima M, Cruz T, Rodrigues LE,
et al.

72 Brazilian participants with
the metabolic syndrome (IDF
definition) and not type II
diabetes, and 57 healthy, nonobese controls.

Cross sectional

Hypomagnesaemia is associated
with diabetes: Not pre-diabetes,
obesity or the metabolic
syndrome (18).

Simmons D, Joshi S, Shaw J.

1,453 randomly selected adults
aged older than 25 from
Australia

F17

Cross sectional

Results

2.4.4

Evidence for an association between magnesium and the metabolic syndrome

Several lines of evidence demonstrate that magnesium performs an important role in the
pathogenesis of type II diabetes, suggesting that hypomagnesaemia is a risk factor for
developing the disease (6, 49, 106-108). Magnesium is essential for insulin action, so there is
biological plausibility to relate magnesium deficiency to the metabolic syndrome also (7, 52).
This proposed association may offer a mechanism by which an alteration of magnesium
homeostasis may favour the onset and progression of diabetic complications. Tables 2.4 and
2.5 review the literature examining the association between magnesium status, magnesium
intake and the metabolic syndrome.
2.4.4.1

Magnesium status and the metabolic syndrome

The associations between magnesium status and different features of the metabolic syndrome
have been thoroughly investigated, although minimal research has examined the association
between magnesium status and the metabolic syndrome as a complete entity. A cross
sectional study by Guerrero-Romero and Rodriguez-Moran of 192 individuals with the
metabolic syndrome and 384 age and sex matched controls showed that serum magnesium
levels were lower in participants with the metabolic syndrome than those without (24). The
definition of the metabolic syndrome used required at least two of: hyperglycaemia, high
blood pressure, dyslipidaemia and obesity. A subsequent cross-sectional study by these
authors involved 147 participants with the metabolic syndrome and 294 age and gender
matched controls (9). A strong association between hypomagnesaemia (defined as serum
magnesium <18.0mg/L) and the prevalence of the metabolic syndrome was observed, with an
odds ratio of 1.9 (95% CI: 1.3-7.1). In a more recent cross sectional study, both serum and
intramononuclear magnesium were found to be significantly lower in participants with the
metabolic syndrome than in healthy, non-obese controls without the metabolic syndrome (28).
In the absence of a substantial body of evidence suggesting an association between
magnesium status and the metabolic syndrome, it is not possible to reach a definitive
conclusion. The available data, however do suggest a negative association. Further research is
needed with those using the current IDF definition of the metabolic syndrome, large
participant numbers and in a range of ethnicities to determine whether comparable
discrepancies between within ethnicities are observed, as is between magnesium status and
type II diabetes (21). Moreover, prospective studies are needed to further strengthen the
current body of evidence.
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Table 2.5: Summary of the literature examining the relationship between magnesium intake and the metabolic syndrome
Type of study

Title

Prospective cohort

Magnesium intake and
incidence of metabolic
syndrome among young adults
(3).

Author

Participants

He K, Liu K, Daviglus ML, et
al

4,637 American men and
women aged 18 to 30 years in
the CARDIA study, followed
up for 15 years.

Cross sectional

Dietary magnesium and fiber
intakes and inflammatory and
metabolic indicators in middleaged subjects from a
population-based cohort (17).

Cross sectional

Method of magnesium intake
measurement

Results

F18

Quantitative FFQ at baseline
and year 7

Quartiles of magnesium intake were inversely
associated with the metabolic syndrome (NCEP ATPIII
definition).

Bo S, Durazzo M, Guidi S, et al

1,653 males and females aged
45-64, recruited in an Italian
province, and a subset of 205
healthy subjects.

FFQ

The prevalence of the metabolic syndrome significantly
decreased from the lowest to the highest tertile of
magnesium intakes. This association was attenuated
after additional adjustment for fibre intake.

Intake of dietary magnesium
and the prevalence of the
metabolic syndrome among
U.S. adults (30).

Ford ES, Li C, McGuire LC, et
al.

7,669 participants aged 20 or
over, from the 3rd NHANES
(1988 to 1994)

24 hour recall

After multiple adjustment, relative risk for the metablic
syndrome was 0.56 (95%CI: 0.34-0.92) in the quintile
of the highest intake compared with the quintile of the
lowest intake. P-value for trend was 0.029.

Cross sectional

Dietary magnesium intake is
related to metabolic syndrome
in older Americans (11).

McKeown NM, Jacques PF,
Zhang XL, et al.

535 men and women aged 60
years or over.

3 day diet record

Those with the highest intake of magnesium had a
significantly lower risk of having the metabolic
syndrome (NCEP ATPIII criteria) compared to the
lowest quartile of intake (OR: 0.36, 95% CI: 0.19-0.69).

Cross sectional

Magnesium intake, C-reactive
protein, and the prevalence of
metabolic syndrome in middleaged and older U.S. women
(36).

Song Y, Ridker PM, Manson
JE, et al.

11,686 women participants
from the Women's Health Study
older than 44 years.

131-item semiquantitative FFQ

Women in the highest quintile of magnesium intake had
a 27% lower risk of the metabolic syndrome (NCEP
ATP III criteria) compared with those in the lowest
quintile of intake with OR=0.73 (95%CI: 0.60-0.88).

2.4.4.2

Magnesium intake and the metabolic syndrome

A high magnesium intake has been observed to favourably affect all features of the metabolic
syndrome, which has lead to the hypothesis that magnesium intake is related to a lower risk of
the metabolic syndrome as an entity. A cross sectional study involving 11,686 women aged
45 or older from the Women’s Health Study, observed that women in the highest quintile of
magnesium intake had a significantly lower risk of the metabolic syndrome (using NCEP
ATPIII criteria) than those in the lowest quintile (36). In a representative sample of 1,653
Italian adults aged 45-64 (17) a significant, inverse association between the prevalence of the
metabolic syndrome and magnesium intake was seen after adjustment for confounding
factors.
Data from 7,669 participants aged 20 or over participating in the 3rd NHANES (1988 to
1994) was used to investigate the cross sectional association between dietary magnesium and
prevalence of the metabolic syndrome (30). The authors found that after multiple adjustments,
the relative risk for the metabolic syndrome was 0.56 (95%CI: 0.34-0.92) for the quintile with
the highest intake compared with the quintile with the lowest intake. These results were
supported by a more recent cross sectional study that investigated the prevalence of the
metabolic syndrome in the Framingham Offspring Cohort (11). In 535 participants aged 60
years or older, dietary magnesium was associated with prevalence of the metabolic syndrome
(using NCEP ATPIII criteria). He and colleagues examined the longitudinal association
between magnesium intake and the metabolic syndrome using data from 4,637 participants
aged 18 to 30 years from the CARDIA study (3). The participants were followed up for
fifteen years, and a quantitative food frequency questionnaire was administered at both
baseline and year seven. The authors found that quartiles of magnesium intake were inversely
associated with the metabolic syndrome, (using the NCEP ATP III definition), with a hazard
ratio of 0.69 (95% CI: 0.52-0.91) for the highest quartile of magnesium intake. The current
body of evidence implies that there is a probable negative association between dietary
magnesium intake and the metabolic syndrome. However, further longitudinal studies and
randomised controlled trials are needed to clarify and consolidate this evidence.

2.5

Magnesium and insulin resistance

Magnesium is essential for insulin action, thus an association between magnesium and insulin
resistance is biologically plausible (52). Magnesium plays the role of a second messenger for
insulin, and insulin itself is an important regulatory factor of intracellular magnesium
accumulation (62, 86, 176). A significant body of evidence strongly suggests a link between
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Table 2.6: Summary of the literature examining the relationship between magnesium status and insulin resistance
Type of study

Title

Author

Participants

Cross sectional

Oral magnesium supplementation
improves insulin sensitivity in nondiabetic subjects with insulin
resistance. A double-blind placebocontrolled randomized trial.

Guerrero-Romero F, TamezPerez HE, GonzalezGonzalez G, et al.

60 hypomagnesaemic, insulin
resistant participants (defined
by HOMA-IR index)

Cross sectional

Magnesium deficiency is associated
with insulin resistance in obese
children.

Method of magnesium status
measurement

Results

Strong relationship between low serum magnesium levels
and elevated HOMA-IR index. OR=7.4 (2.1-10.2)

Huerta MG, Roemmich JN,
Kington ML, et al.

24 obese, non-diabetics and 24
age and sex matched non-obese
8-17 year olds.

Calorimetric method

Dietary magnesium was inversely correlated with fasting
insulin and HOMA-IR, and positively correlated with
quantitative insulin sensitivity check index (QUICKI).
However, after adjusting for the effect of adiposty, these
results were no longer significant.

Cross sectional

Serum and Dietary Magnesium and
the Risk for Type 2 Diabetes
Mellitus: The Atherosclerosis Risk
in Communities Study

Kao WHL, Folsom AR,
Nieto FJ, Mo J-P, Watson
RL, Brancati FL.

14,536 non-diabetic
participants from the ARIC
study aged 45-64

Serum magnesium measurement
based on procedure of Gindler
and Heth (8), using atomic
absorption spectrophotometry

Serum magnesium was associated with fasting insulin in
both black and white participants

Cross sectional

Magnesium, insulin resistance and
body composition in healthy
postmenopausal women.

Laires MJ, Moreira H,
Monteiro CP, et al.

74 post-menopausal, sedenary,
non-smoking, caucasian
women aged 50-77.

Red-blood cell and plasma
magnesium measured by atomic
absorption spectrophotometry.

Red blood cell magnesium was correlated with fasting
insulin and HOMA-IR, although no associations were seen
with plasma magnesium.

Cross sectional

Serum and intracellular magnesium
deficiency in patients with
metabolic syndrome--evidences for
its relation to insulin resistance.

Lima M, Cruz T, Rodrigues
LE, et al.

72 brazillian participants with
the metabolic syndrome (IDF
definition) and not type 2
diabetes, and 57 heathy, nonobese controls.

Atomic absorption
spectrophometry

Participants with insulin resistance (HOMA-IR >2.7) had
lower intramononuclear magnesium than those non-insulin
resistant (p<0.05)

Cross sectional

Associations of serum and dietary
magnesium with cardiovascular
disease, hypertension, diabetes,
insulin, and carotid arterial wall
thickness: The aric study.

Ma J, Folsom AR, Melnick
SL, et al.

15248 participants aged
between 45-64 (ARIC study)
randomly selected from 4 areas
in the US

F19

Calorimetric method

Serum magnesium measurement
based on procedure of Gindler
and Heth (8), and atomic
absorption spectrophotometry.

Serum magnesium inversely associated with fasting
insulin, and glucose.

hypomagnesaemia and the reduction of tyrosine-kinase activity at the insulin receptor level,
which may result in the impairment of insulin action and the development of insulin
resistance (7, 20, 62). A summary of the literature examining the association between
magnesium status, magnesium intake and insulin resistance is shown in Tables 2.6 and 2.7.
2.5.1

Magnesium status and insulin resistance

In type II diabetic populations, hypomagnesaemia is highly prevalent, and an association
between hypomagnesaemia and insulin resistance is regularly observed (52, 177). Results
from two population based studies have shown that serum magnesium is inversely related to
fasting insulin concentration, leading to the hypothesis that the association between
magnesium status and insulin resistance is not just present in diabetic patients, but also in a
healthy population (6, 178). In some of the earliest research in this area, a significantly higher
plasma glucose and insulin response to a 75g oral glucose load was observed in participants
with low plasma magnesium (<0.80mmol/L) compared with participants with high plasma
magnesium (≥0.80mmol/L) in a sample of 18 non-diabetics (19). In further research with
larger participant numbers, similar results have been found.
In cross sectional analyses of 60 hypomagnesaemic, insulin resistant participants, a
strong relationship between low serum magnesium levels and elevated HOMA-IR index
[(fasting glucose-fasting insulin)/22.5] was observed, with an odds ratio of 7.4 (95% CI: 2.110.2) (56). A negative association between red blood cell magnesium and HOMA-IR was
shown in a cross sectional study involving 74 post-menopausal Caucasian women. However,
no associations were seen between plasma magnesium and any measures of insulin resistance
(34). A more recent study found that serum magnesium was negatively correlated with the
homeostasis model of beta-cell function (HOMA-β) in a cross sectional study of 1,318
healthy adults (5). In a cross sectional analyses of 72 participants with the metabolic
syndrome and 57 healthy controls, participants with insulin resistance (HOMA-IR >2.7) had
lower intramononuclear magnesium than those non-insulin resistant (p<0.05) participants
(28).
Current evidence suggests that the negative association between magnesium status and
insulin resistance is probable. However causality is not necessarily suggested, as low
intracellular and extracellular magnesium concentrations can be both a cause and a
consequence of insulin resistance (52). While an abundance of studies have addressed this
association, most have used imperfect measures of insulin resistance, such as fasting insulin
concentration and HOMA-IR index, and of magnesium status, such as serum measures. This
limits the reliability of the results, and therefore further research using more accurate
methodology is needed.
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Table 2.6 continued: Summary of the literature examining the relationship between magnesium status and insulin resistance
Type of study

Title

Author

Participants

Cross sectional

Relationship between serum
magnesium values, lipids and
anthropometric risk factors (5).

Randell EW, Mathews M,
Gadag V, Zhang H, Sun G.

1,318 healthy participants aged
between 19 and 62- Canada

Cross sectional

Effect of variations in plasma
magnesium concentration on
resistance to insulin-mediated
glucose disposal in nondiabetic
subjects (19).

Rosolova H, Mayer O, Jr.,
Reaven G.

18 non-diabetic male and
female participants

Method of magnesium status
measurement

Results

Clinical chemistry analyser

Quartiles of serum magnesium were negatively associated
with fasting glucose and HOMA-IR.

Not stated

The low plasma magnesium (<0.80mmol/L) groups
response to a 75g oral glucose load, had significantly
higher plasma glusoce and insulin than the high plasma
magnesium group, suggesting that they are more insulin
resistant.

F20

Table 2.7: Summary of the literature examining the relationship between magnesium intake and insulin resistance
Type of study

Title

Author

Participants

Method of magnesium intake
measurement

Results

20

Liquid diet (<0.5mmol/day
magnesium) for 4 weeks,
supplemented with
164mmol/day MgCl2 for the
first week

Insulin sensitivity was reduced modestly, but
significantly in all subjects after induction of
magnesium deficiency.

Ma B, Lawson AB, Liese AD,
et al.

1,036 US adults without
diabetes, from the Insulin
Resistance Atherosclerotic
Study (1992-1999), followed up
for five years.

Validated food frequency
interview

Magnesium intake was significantly associated with
insulin sensitivity when intake was lower than the
predetermined threshold of 325mg/day, but not when
higher than this threshold, after adjustment for
confounders.

FFQ

A significant inverse association between HOMA-IR,
fasting insulin and fasting blood glucose and tertiles of
magnesium intake was observed.

Controlled trial

Magnesium deficiency
produces insulin resistance and
increased thromboxane
synthesis (7).

Prospective cohort

Dairy, magnesium, and calcium
intake in relation to insulin
sensitivity: approaches to
modeling a dose-dependent
association (15).

Cross sectional

Dietary magnesium and fiber
intakes and inflammatory and
metabolic indicators in middleaged subjects from a
population-based cohort (17).

Bo S, Durazzo M, Guidi S, et al

1,653 males and females aged
45-64, recruited from family
pysicians in an italian province,
and a subset of 205 healthy
subjects.

Cross sectional

The association between
magnesium intake and fasting
insulin concentration in healthy
middle-aged women (33).

Fung TT, Manson JE, Solomon
CG, et al.

Subsample of 219 healthy
women from the Nurses Health
Study

138-item semi-quantitative FFQ

Quartiles of magnesium intake were inversely
associated with fasting insulin concentration.

Cross sectional

Magnesium Intake and
Incidence of Metabolic
Syndrome Among Young
Adults (3).

He K, Liu K, Daviglus ML, et
al

4,622 American men and
women aged 18 to 30 years in
the CARDIA study.

Quantitative FFQ

Inverse correlation between magnesium intake and
fasting insulin level in crude and multivariate-adjusted
analyses.

Cross sectional

Magnesium deficiency is
associated with insulin
resistance in obese children
(29).

Huerta MG, Roemmich JN,
Kington ML, et al.

24 obese, non-diabetics and 24
age and sex matched non-obese
8-17 year olds.

151-item FFQ

Dietary magnesium intake (mg/kcal) was inversely
correlated with fasting insulin and HOMA-IR, and
positively correlated with quantitative insulin sensitivity
check index (QUICKI).

Cross sectional

Low dietary magnesium is
associated with insulin
resistance in a sample of young,
nondiabetic Black Americans
(41).

Nadler JL, Buchanan T,
Natarajan R, et al.

12 normal subjects within 120%
of ideal body weight.

Humphries S, Kushner H,
Falkner B.

79 young adults aged mostly
between 26 and 34 years.

24 hour recall

A negative correlation between dietary magnesium and
the sum of insulin levels measured during an oral
glucose tolerance test was seen. Magnesium intake
(mg/kg fat free mass) was lower in insulin resistant
participants than in those non-insulin resistant.

Table 2.7 continued: Summary of the literature examining the relationship between magnesium intake and insulin resistance
Type of study

Method of magnesium intake
measurement

Author

Participants

Cross sectional

Associations of serum and
dietary magnesium with
cardiovascular disease,
hypertension, diabetes, insulin,
and carotid arterial wall
thickness: The ARIC study (6).

Ma J, Folsom AR, Melnick SL,
et al.

15,248 participants aged
between 45-64 from the ARIC
study, randomly selected from 4
areas in the US.

FFQ

Dietary magnesium was inversely associated with
fasting insulin.

Cross sectional

Dietary magnesium intake is
related to metabolic syndrome
in older Americans (11).

McKeown NM, Jacques PF,
Zhang XL, et al.

535 participants aged 60 years
or over.

3 day diet record

Dietary magnesium intake was associated with elevated
fasting glucose (OR: 0.47, 95%CI: 0.22-0.77, p-value
for trend=0.005).

Cross sectional

Magnesium intake is related to
improved insulin homeostasis in
the framingham offspring
cohort (14).

Rumawas ME, McKeown NM,
Rogers G, et al.

1,223 men and 1,485 women
without diabetes from the
Framingham offspring cohort.

FFQ

Magnesium intake was inversely associated with fasting
plasma insulin, post glucose challenge plasma insulin
and HOMA-IR, after adjustment for confounders.

Cross sectional

Dietary magnesium intake in
relation to plasma insulin levels
and risk of type 2 diabetes in
women (23).

Song Y, Manson JE, Buring JE,
et al.

349 US women from the
womens health study, with an
average age of 55.3 and mean
BMI of 25.7kg/m2.

131-item semiquantitative FFQ

Magnesium intake was associated with risk of fasting
insulin, significant among women with a BMI≥=25.

F21

Title

Results

2.5.2

Dietary magnesium and insulin resistance

In animal models, a diet low in magnesium has been shown to lead to impaired insulin
secretion and action (113, 179). This has lead to a large number of human studies in which
dietary magnesium intake has been associated with insulin resistance. A prospective cohort
study followed up 1,036 non-diabetic US adults from the Insulin Resistance Atherosclerotic
Study (1992-1999) for five years (6). After adjustment for confounding factors, magnesium
intake was found to be associated with insulin sensitivity when intake was lower than the
predetermined threshold of 325mg/day, but not associated when higher than this threshold.
This association has also been observed in cross sectional studies. An analysis of data from
349 participants from the Women’s Health study showed that magnesium intake was
inversely associated with fasting insulin levels when adjusted for age and BMI. This
association was attenuated when a multivariate model was used, although magnesium intake
was significantly inversely associated with fasting insulin levels among women with a BMI of
25 of greater using this multivariate model (23). The data of 4,622 American men and women
aged 18 to 30 years in the CARDIA study were examined, and an inverse correlation between
magnesium intake and fasting insulin levels in both crude and multivariate-adjusted analyses
was found (3).
Data from the Framingham offspring cohort was analysed to determine the association
between dietary magnesium intake and insulin homeostasis (14). In the study population of
1,223 men and 1,485 women without diabetes, magnesium intake was inversely associated
with fasting plasma insulin, post glucose challenge plasma insulin and HOMA, after
adjustment for confounding factors. A cross sectional study recruited 1,653 males and females
aged 45-64 from family physicians in an Italian province, and a subset of 205 healthy subjects
without dysmetabolisms (17). A significant inverse association between tertiles of magnesium
intake and HOMA-IR, fasting insulin and fasting blood glucose was found.
2.5.3

Randomised controlled trials of dietary magnesium in insulin resistance

A range of heterogeneous studies has examined the plausibility of improving insulin
resistance by magnesium supplementation. Nadler and colleagues carried out a trial in which
twelve healthy participants were given a liquid diet with less than 0.5mmol of magnesium per
day, supplemented with 164mmol of MgCl2 each day for the first week, and with no added
magnesium for the remaining three weeks (7). It was found that insulin sensitivity as
determined by intravenous glucose tolerance test, was reduced modestly but significantly, in
all subjects after induction of magnesium deficiency. Rodriguez-Moran and colleagues
supplemented 63 type II diabetics with serum magnesium below 0.74mmol/L with either
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Table 2.8: Summary of the literature examining the relationship between magnesium status and body composition
Type of study

Title

Author

Participants

Method of magnesium status
measurement

Results

Serum ionized magnesium
levels in relation to metabolic
syndrome in type 2 diabetic
patients (12).

Corica F, Corsonello A, Ientile
R, et al.

290 male and female type II
diabetics recruited from an
outpatient clinic in Italy.

Serum ionised magnesium
analysed in ion selective
analyser

Serum ionised magnesium levels were significanly
lower in patients with high waist circumference.

Cross sectional

Relationship between serum
magnesium levels and Creactive protein concentration,
in non-diabetic, nonhypertensive obese subjects
(27).

Guerrero-Romero F, RodriguezMoran M.

371 non-diabetic, nonhypertensive participants.

Serum magnesium analysed by
the colorimetric method.

Serum magnesium was inversely correlated with BMI.

Cross sectional

Magnesium deficiency is
associated with insulin
resistance in obese children
(29).

Huerta MG, Roemmich JN,
Kington ML, et al.

24 obese, non-diabetics and 24
age and sex matched non-obese
8-17 year olds.

Not stated

Serum magnesium was lower in obese children
compared with lean children. Serum magnesium was
also inversely associated with BMI and precent bodyfat.

Cross sectional

Serum and Dietary Magnesium
and the Risk for Type 2
Diabetes Mellitus: The
Atherosclerosis Risk in
Communities Study (21).

Kao WHL, Folsom AR, Nieto
FJ, et al.

14,536 non-diabetic participants
from the ARIC study aged 4564.

Serum magnesium
measurement based on
procedure of Gindler and Heth
(8), and atomic absorption
spectrophotometry

Serum magnesium was associated with body mass index
in both black and white participants

Cross sectional

Magnesium, insulin resistance
and body composition in
healthy postmenopausal women
(34).

Laires MJ, Moreira H, Monteiro
CP, et al.

74 post-menopausal, sedentary,
non-smoking, caucasian women
aged 50-77.

Red blood cell and plasma
magnesium measured by atomic
absorption spectrophotometry.

Red blood cell and plasma magnesium were not higher
in obese compared with non-obese. Red blood cell
magnesium was correlated with fat free mass, although
this association was not seen with plasma magnesium.

Cross sectional

Relationship of Serum and
Dietary Magnesium to Incident
Hypertension: The
Atherosclerosis Risk in
Communities (ARIC) Study
(37).

7,731 men and women
randomly selected from four US
comunities, aged 45-64 in the
ARIC study.

Serum magnesium
measurement based on
procedure of Gindler and Heth
(8), and atomic absorption
spectrophotometry.

F22

Cross sectional

Peacock JM, Folsom AR,
Arnett DK, et al.

Serum magnesium was inversely associated with BMI
in both men and women.

50mL MgCl2 or placebo, daily for 16 weeks (55). At the end of the study, subjects who
received magnesium supplementation had significantly higher serum magnesium, lower
HOMA-IR, fasting glucose levels and glycated haemoglobin (HbA1c) than did subjects
receiving placebo. In smaller non-controlled trial supplementing diabetics with magnesium,
nine participants were given diluted water from a salt lake with a high natural magnesium
content for 30 days (57). HOMA-IR and fasting immunoreactive insulin significantly
decreased from the beginning to the end of the trial.
A double-blind randomised controlled trial was carried out in non-diabetics to
determine whether oral magnesium supplementation of 2.5g MgCl2 daily over 3 months could
modify insulin sensitivity in insulin resistant, hypomagnesaemic participants (56).
Magnesium supplemented participants significantly increased their serum magnesium levels
and reduced HOMA-IR compared with control participants. An additional double-blind
randomised controlled trial was carried out in a Korean population (58). One hundred and
fifty-five normo-magnesaemic, non-diabetic overweight adults were supplemented with either
300mg of magnesium in the form of magnesium oxide, or placebo each day. After twelve
weeks, no difference in HOMA-IR was seen between groups.
The heterogeneous study populations and methods of supplementation may explain the
variability in study results. Most studies carried out in western countries showed comparable
results, but these may not be applicable to Asian populations. Increases in magnesium intake
have been observed to be associated with a reduced insulin resistance, and randomised
controlled trials to date have shown promising results. Further research using precise methods
of insulin resistance determination is warranted, to determine the clinical significance and
applicability of these results.

2.6

Magnesium and body composition

Obesity is an essential feature of the metabolic syndrome under most definitions, and is
independently associated with higher risk of cardiovascular disease (148). It therefore follows
magnesium status and intake could also be associated with obesity and body composition.
While few studies have been designed to examine these relationships, data are widely
published in the literature as secondary observations. Tables 2.8 and 2.9 review the literature
examining the association between magnesium and body composition.
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Table 2.8 continued: Summary of the literature examining the relationship between magnesium status and body composition
Type of study

Title

Author

Participants

Method of magnesium status
measurement

Results

Cross sectional

Relationship between serum
magnesium values, lipids and
anthropometric risk factors (5).

Randell EW, Mathews M,
Gadag V, et al.

1,318 healthy adults aged 19 92 in Canada.

Serum magnesium analysed by
clinical chemistry autoanalyser

No associations were seen between quartiles of serum
magnesium and BMI, % body fat, % trunkal fat or waist
to hip ratio. However, serum magnesium was
significantly associated with % body fat in women, and
trended towards significance for BMI and % trunkal fat.
BMI, % body fat and % trunkal fat were associated with
serum magnesium in pre-menopausal women.

Cross sectional

Hypomagnesaemia is associated
with diabetes: Not pre-diabetes,
obesity or the metabolic
syndrome (18).

Simmons D, Joshi S, Shaw J.

1,453 randomly selected adults
aged older than 25 from
Australia

Serum magnesium analysed by
Hitachi chemical analyser

No observed association between serum magnesium
obesity.
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Table 2.9: Summary of the literature examining the relationship between magnesium intake and body composition
Type of study

Title

Author

Participants

Method of magnesium intake
measurement

Results
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Cross sectional

Dietary magnesium intake and
the future risk of coronary heart
disease (The Honolulu Heart
Program) (4).

Abbott RD, Ando F, Masaki
KH, et al.

7,172 men in Hawaii of
Japanese ancestry aged 45-68,
between 1965 and 1968.

24 hour recall

BMI was significantly decreased in increasing quintiles
of dietary magnesium intake.

Cross sectional

Dietary magnesium and fiber
intakes and inflammatory and
metabolic indicators in middleaged subjects from a
population-based cohort (17).

Bo S, Durazzo M, Guidi S, et al

1,653 males and females aged
45-64, recruited in an Italian
province, and a subset of 205
healthy subjects.

FFQ

No association was seen between tertiles of magnesium
intake and BMI or waist circumference (p=0.39 and
0.19 respectively)

Cross sectional

Intake of dietary magnesium
and the prevalence of the
metabolic syndrome among
U.S. adults (30).

Ford ES, Li C, McGuire LC,
Mokdad AH, et al.

7,669 participants aged 20 or
over, from the 3rd NHANES
(1988 to 1994).

24 hour recall

Quintile of dietary magnesium intake was significantly
associated with BMI (p for trend= 0.022). Abdominal
obesity was also more prevalent in quartiles of low
magnesium intake, compared with high intake (p for
trend <0.001).

Cross sectional

The association between
magnesium intake and fasting
insulin concentration in healthy
middle-aged women (33).

Fung TT, Manson JE, Solomon
CG, et al.

Subsample of 219 healthy
women from the Nurses Health
Study.

138-item semi-quantitative FFQ

Quartiles of magnesium intake were not associated with
BMI (p for trend=0.20)

Cross sectional

Magnesium intake and
incidence of metabolic
syndrome among young adults
(3).

He K, Liu K, Daviglus ML, et
al

4,637 American men and
women aged 18 to 30 years in
the CARDIA study, followed
up for 15 years.

Quantitative FFQ

Quartiles of magnesium intake were inversely
associated with waist circumference, but not BMI
(p=0.15).

Cross sectional

Magnesium deficiency is
associated with insulin
resistance in obese children
(29).

Huerta MG, Roemmich JN,
Kington ML, et al.

24 obese, non-diabetics and 24
age and sex matched non-obese
8-17 year olds.

151-item FFQ

Dietary magnesium (mg/kcal) was significantly lower in
obese (determined by BMI) children than in lean
children. Unadjusted magnesium intake was not
associated different between obese and non-obese
(p=0.102).

Cross sectional

Dietary magnesium intake is
related to metabolic syndrome
in older Americans (11).

535 participants aged 60 years
or over.

3 day diet record

McKeown NM, Jacques PF,
Zhang XL, et al.

Dietary magnesium intake was inversely associated with
BMI (p for trend=0.008).

Table 2.9 continued: Summary of the literature examining the relationship between magnesium intake and body composition
Type of study

Participants

Method of magnesium intake
measurement
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Title

Author

Results

Cross sectional

Magnesium intake is related to
improved insulin homeostasis in
the Framingham offspring
cohort.

Rumawas ME, McKeown NM,
Rogers G, et al.

1,223 men and 1,485 women
without diabetes from the
Framingham offspring cohort.

FFQ

Quintiles of magnesium intake were not associated with
BMI (p-value for trend= 0.21) after adjustment for
confounders.

Cross sectional

Dietary magnesium intake in
relation to plasma insulin levels
and risk of type II diabetes in
women.

Song Y, Manson JE, Buring JE,
Liu S.

38,025 US women from the
Women’s Health study aged
greater than 44.

131-item semiquantitative FFQ

High magnesium intake was associated with a slightly
lower BMI.

Cross sectional

Dietary Magnesium Intake and
Risk of Incident Hypertension
Among Middle-Aged and Older
US Women in a 10-Year
Follow-Up Study.

Song Y, Sesso HD, Manson JE,
et al.

28,349 healthy, nonhypertensive females from the
United States aged over 45, in
the Womens Health Study,
followed up for 10 years.

131-item semi quantitative FFQ

Quintiles of magnesium intake were inversely
associated with BMI.

2.6.1

Magnesium status and body composition

Studies addressing the relationship between body composition and magnesium status have
had conflicting results. Four studies have shown an inverse association between serum
magnesium and BMI but no association has also been observed (5, 18), (21, 27, 29, 37). A
trend towards an association between serum magnesium and BMI has been observed in premenopausal women, where no overall association was seen (5). No difference in red blood
cell magnesium and plasma magnesium between obese (as determined by BMI) and nonobese participants has been observed (34). Additional measures of body composition, such as
waist circumference and percentage body fat have also been associated with magnesium
status. Serum ionised magnesium was significantly lower in patients with a high waist
circumference (12). Percentage body fat was associated with serum magnesium in one study,
and in a subsequent study, this association was only observed in pre-menopausal women (5,
29). The evidence for an inverse relationship between obesity and magnesium status is limited
but suggestive. Further research that uses percentage body fat, lean mass and trunkal fat as
determinants of body composition, in addition to more precise methods of determining
magnesium status, is warranted.
2.6.2

Dietary magnesium intake and body composition

The only research published to date addressing the relationship between dietary magnesium
and body composition has been cross sectional. Associations between BMI and dietary
magnesium intake have been observed, but equally as often no associations have been seen (3,
14, 17, 29, 33). It was found however, that while there was no association when using the
unadjusted intake of magnesium, when measured in milligrams of magnesium per kilocalorie,
magnesium intake was significantly lower in obese participants (determined by BMI)
compared with non-obese (29). Waist circumference was associated with dietary magnesium
intake in most but not all studies (17).
While the limited evidence for an association between dietary magnesium intake and
obesity is conflicting, it is suggestive that an association does exist. Further research with the
relationship between obesity and dietary magnesium as the primary research question is
needed to supplement research to date.

2.7

Magnesium and blood pressure

Epidemiologic evidence suggests that magnesium may play an important role in regulating
blood pressure (6, 180, 181). Studies have shown that populations with a low dietary intake of
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magnesium have an increased incidence of hypertension. The ARIC study found an inverse
relationship between serum magnesium and the incidence of hypertension in women, which
corresponded with results from a more recent but smaller Italian study (12, 37). In a ten-year
follow up of participants from the Women's health study, it was found that magnesium intake
was inversely associated with risk for developing hypertension (182).
A recent meta-analysis analysed twenty intervention studies using magnesium therapy
for both hypertensive and normotensive patients (183). The wide range of studies examined
yielded conflicting results, which may have been the result of small sample sizes and
heterogeneity in study design. The meta-analysis found that magnesium supplementation
resulted in no significant reduction in either systolic or diastolic blood pressure. However, a
dose-dependent effect was apparent, with reductions of 4.3mmHg systolic blood pressure
(95% CI 6.3-2.2) and of 2.3mmHg diastolic blood pressure (95% CI 4.9-0.0) for every
10mmol/day increase in magnesium dose.
The wide range of studies have yielded conflicting results, however evidence for an
association between both dietary magnesium and magnesium status and blood pressure is
probable. The results of observational studies are strengthened by plausible biological
mechanisms and the vast number of interventional studies that have been carried out (183).
Further research is needed to determine the appropriate vehicle of administration, the ideal
dose and its clinical importance for the treatment and prevention of hypertension.

2.8

Magnesium and lipids

The relationships between magnesium intake and status and lipid profile is unclear, with
studies presenting conflicting results depending on the population examined. In the cross
sectional ARIC study, in white men and women, serum magnesium was negatively correlated
with triglycerides and positively correlated with LDL cholesterol (6). No associations were
seen between serum magnesium and lipids in black men, and in black women, serum
magnesium was negatively associated with triglycerides and positively associated with HDL
cholesterol. In a cross sectional study of 1,318 healthy adults, total cholesterol, HDL
cholesterol, LDL cholesterol and triglycerides were positively correlated with quartiles of
serum magnesium (5).
In white men and women, a cross sectional association between dietary magnesium and
HDL cholesterol has been observed when adjusted for age and BMI (6). In the same study, no
associations were seen between lipids and dietary magnesium in blacks. A prospective study
in which 4,637 Americans were followed up for fifteen years found that at baseline,
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magnesium intake was negatively associated with triglycerides in white men and women and
positively associated with HDL cholesterol in all participants (3). Hazard ratios for HDL
cholesterol less than 1.3mmol/L in women or less than 1.04mmol/L in men had a significant
positive trend over quartiles of magnesium intake. The trend for hazard ratios for triglycerides
greater than or equal to 1.70mmol/L over quartiles of magnesium intake was attenuated once
adjusted for confounding factors.
Minimal research has addressed the associations between lipid profile and magnesium
intake and status, although it is suggested that while an association may be present in a
predominantly white population, this does not seem to be apparent in a black population. No
definitive conclusion can be reached on whether any associations between magnesium and
lipid profile exist, and if they are applicable to all populations. Further, research is needed to
address this.

2.9

Magnesium and inflammation

Systemic inflammation, as measured by C-reactive protein (CRP) concentration is widely
believed to be one of the mechanisms underlying the development of metabolic disorders
(184). It has been suggested that magnesium may protect against diabetes and cardiovascular
disease by reducing low-grade inflammation (36). Elevated CRP has been associated with
decreased serum magnesium levels in a 2002 study by Guerrero-Romero and colleagues (27).
More recently the 1999-2000 NHANES data has been used to determine the relationship
between dietary magnesium intake and CRP concentration (185). It was found that
individuals who consumed less dietary magnesium than the RDA, were more likely to have
raised plasma CRP concentration than those who consumed more than the RDA. Similarly,
magnesium intake was inversely associated with plasma CRP concentrations in a subsequent
study (36). The limited studies that have addressed the association between magnesium status
and intake and inflammation have suggested that there is an inverse association, although this
data has been predominantly cross-sectional. Further prospective studies followed by
interventional studies, are needed to investigate this.

2.10

Summary and conclusions

Magnesium is a cofactor in over 300 enzymatic reactions in the body, and plays an essential
role in maintaining glucose and insulin homeostasis (62, 63). It is widely distributed in both
plant and animal foods, but tends to be lost substantially during refinement and processing,
which has lead to a substantially reduced magnesium intake in developed countries, including
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New Zealand (45). A global increase in the prevalence of type II diabetes mellitus and the
metabolic syndrome has occurred concurrently (53, 128). Research over the last 50 years has
demonstrated an association between chronic disease and magnesium, with ecological water
studies first suggesting this association (84). The relationship between magnesium and type II
diabetes has been investigated to a considerable extent, and using the World Cancer Research
Fund (WCRF) criteria for grading evidence, the relationship between the two is probable due
to the numerous studies conducted as well as the evidence for biological plausibility (186).
The metabolic syndrome is a newer concept and thus the body of literature indicating an
association is smaller, but the direction of effect is generally consistent. Using WCRF criteria,
an association between magnesium and the metabolic syndrome is limited but suggestive of a
negative association. The association between other cardiovascular risk factors and
components of the metabolic syndrome and magnesium has been researched to varying
degrees. The evidence for an association between blood pressure, insulin resistance and
magnesium is convincing, whereas the evidence for an association between inflammation,
body composition, lipids and magnesium is limited but suggestive of an association (186).
Much of the research investigating the association between type II diabetes, the
metabolic syndrome, cardiovascular risk factors and magnesium have had similar limitations
in study design. Several studies, especially randomised controlled trials but also cross
sectional studies have been carried out with very small sample sizes (19, 20, 29, 34, 38, 57,
88). While these studies are useful for efficacy trials and hypothesis generation, further trials
are needed to verify or refute results in larger populations. Much research has focused on
cross sectional associations between magnesium and cardiovascular risk factors, but because
low magnesium status can be both a cause and a consequence of type II diabetes and insulin
resistance, these studies do not address the issue of causality. It is important that further
studies address these longitudinal associations, and randomised controlled trials are employed
to investigate the implications of these findings for population health. However, advances in
research in this area are restricted until a biological marker can be found for diagnosing
magnesium deficiency.
In an attempt to address some of these gaps in the literature, a dietary intervention was
carried out to modify magnesium intake and compare resultant changes in magnesium status
and dietary magnesium intake with concurrent changes in cardiovascular risk factors and
individual components of the metabolic syndrome.
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Table 3.1: Data collection schedule
Baseline
Screening

Clinic visit 1

Demographics

✓

✓

Medical history

✓

✓

Motivation

✓

Clinic visit 2

Week 2

Week 4

Week 6

Progress visit 1

Progress visit 2

Progress visit 3

Week 8
Clinic visit 3

Clinic Visit 4

✓

Commitment

✓
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Weight

✓

✓

✓

Height

✓

✓

Waist circumference

✓

✓

✓

✓

✓

✓

✓

✓

✓

Blood sample

✓

✓

✓

✓

Blood pressure

✓

✓

✓

✓

Physical activity

✓

✓

Diet record

✓

✓

Appetite and satiety

✓

✓

Adherence
DXA scan*

✓

✓

✓

✓
✓

✓

*Appointments were made for DXA scans at clinic visits 1 and 3, but were actually carried out any time before a participant received the intervention and after they had spent 8
weeks on the study.

3.0

METHODS

3.1

Experimental design

3.1.1

Study aims

The aim of the study was to compare the extent to which a hypocaloric high fibre, high
carbohydrate diet versus a hypocaloric high protein diet could influence individual
components of the metabolic syndrome. Secondary data analysis occurred to examine the
associations between changes in plasma magnesium and dietary magnesium intake, with
concurrent changes in cardiovascular risk factors and individual components of the metabolic
syndrome. Guidelines for the high fibre diet were based on the New Zealand Food and
Nutrition Guidelines for Healthy Adults and a fibre intake that is recommended for the
prevention and management of type II diabetes (187, 188). Guidelines for the high protein
diet were based on those specified by the CSIRO total wellbeing diet (189). Both diets were
designed to be energy restricted and of similar daily energy intakes.
3.1.2

Study Design

Eighty-three free-living Dunedin women with a body mass index of over 27kg/m2 were
randomised to receive one of two dietary interventions between May and November 2008.
Eligible participants were assigned to a hypocaloric high carbohydrate, high fibre diet or a
hypocaloric high protein diet for a period of eight weeks, during which weight loss was
emphasised. A researcher met with participants fortnightly and body weight was measured to
monitor progress. Encouragement, motivation and help with any difficulties were provided at
these visits. Clinical and biochemical measurements were made at baseline and at the end of
the study, and qualitative information was collected at the end of the study (see table 3.1 for
summary of contact time and data collection points). Ethical approval for the study was
obtained from the University of Otago Human Ethics Committee and research consultation
with Maori was undertaken (refer appendix A).

3.2

Participants

3.2.1

Recruitment

Participants were recruited between May and August 2008, through advertisements placed in
a local newspaper in Dunedin, New Zealand, flyers placed on noticeboards at the University
of Otago, in Dunedin supermarkets (refer appendix B) and through contact made with
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Figure 3.1: Recruitment and randomisation process
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previous study participants who had indicated they would like to be contacted about further
studies run in the department. One hundred and ten female respondents, aged 18-65 years who
considered themselves to be overweight, were then screened via telephone to assess
eligibility. The recruitment and randomisation process is outline in figure 3.1.
3.2.2

Screening

A brief description of the study was given to respondents via telephone, and for those who
remained interested, a telephone-screening questionnaire was administered (refer appendix
C). Potential participants were screened to ensure they met the eligibility criteria, as well as
possessed the desired levels of motivation and commitment, and were willing to attend
regular appointments. Of the 101 potential participants who were screened, 87 who met the
required criteria and remained interested in participating were invited to attend the human
nutrition clinic for confirmation of eligibility. At this clinic, height and weight measurements
were made to ensure that prospective participants were eligible, and if so, additional baseline
measures were taken.
3.2.3

Eligibility

Inclusion criteria


Female



Aged between 18 and 65 years



BMI of 27kg/m² or greater



Willing to adhere to either a high protein or a high carbohydrate, high fibre diet for 8
weeks

Exclusion criteria


More than 4kg weight loss in the past month



Pregnant



Breastfeeding



Planning a pregnancy in the next 3 months



The use of appetite suppressants or weight loss medication and unwilling to go off them
for the course of the study



The use of cholesterol lowering medication or insulin



Cancer



Diabetes managed with medication



A medical condition affecting digestion



Food allergies or aversions that would prevent adherence to either diet.
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Participants who were stabilised on anti-hypertension medication were permitted to
participate in the study providing they continued to take the same dose throughout the
intervention.
3.2.4

Randomisation

Of the 87 women who attended an initial clinic, 83 were enrolled in the study. Participants
were randomly assigned to a high protein or high fibre diet using ordered, sealed envelopes
containing a computer-generated block-randomization sequence stratified by age (≤50 years
or >50 years) and BMI (≤30kg/m2 or >30kg/m2). As each participant enrolled for the study,
they were assigned to a diet group. Laboratory staff and researchers conducting DXA scans
were not aware of the group to which subjects had been randomised.
3.2.5

Informed consent

Ethical approval was obtained from The University of Otago Human Ethics Committee (refer
appendix A). All participants gave informed, written consent (refer appendix B).

3.3

Dietary design and implementation

3.3.1

Dietary intervention

Each participant attended an initial one-hour session with a researcher, in which the diet was
introduced to participants in accordance with a booklet that the participant was given (refer
appendix D). To avoid bias, participants were split evenly by diet allocation between
researchers.
3.3.1.1

Dietary design

The high fibre and high protein diets were designed to be as similar as possible whilst
manipulating the proportions of carbohydrate and protein. Therefore, the recommendations
for dairy products, vegetables, fruit, fats and oils were the same for both diet groups. The
energy composition of both dietary interventions aimed to be approximately 5500kJ/day. This
was adjusted as necessary for women with either a very high or very low energy expenditure.
3.3.1.2

High carbohydrate, high fibre diet

The dietary guidelines for the high carbohydrate, high fibre diet group were based on New
Zealand Food and Nutrition Guidelines for Healthy Adults in which it is recommended that
20% of the total energy intake (%TE) comes from protein, 30%TE comes from fat and
50%TE comes from carbohydrate (187). It was also intended that participants get at least 35g
fibre each day, due to previous research suggesting that this level could be beneficial for the
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prevention of type II diabetes (188). After the development of mock diet plans, magnesium
intake was expected to be 450mg/day. The advice given to participants randomised to this
group was as follows:
Participants were asked to aim for an intake of at least 40g of dietary fibre each day,
from food not supplements. To help achieve this, fibre values for most high fibre foods were
included in the programme booklet, as well as a tracker to record daily fibre intake. An
important means of achieving this high fibre intake was to eat one unit of beans, pulses or
legumes each day. One unit was equivalent to 120g of cooked or canned beans, or 30-40g
dried beans or lentils. Choices that were highest in fibre, such as black beans, red kidney
beans and pinto beans were encouraged. It was recommended that participants avoid deep
fried falafel, patties and sausages.
Six units of carbohydrates were advised to be consumed each day. One unit was
approximately 450kJ, and equal to one slice of wholegrain toast bread, two to three
wholegrain crispbread, ⅓ cup cooked bulgur wheat, lentils, baked beans or chickpeas, 45g
high fibre breakfast cereal or wholegrain oats, ½ cup cooked wholemeal pasta, or one medium
potato or kumara (150g). No more than one of the six daily units were allowed to be potato or
kumara. Participants were asked to avoid all low-fibre, high fat and high sugar carbohydrate
foods such as high-sugar cereals, toasted muesli, high fat crackers and pastries and white rice,
pasta and bread. It was requested that one unit of lean protein was to be consumed each day,
which contained approximately 500-600kJ, and equated to 100g of raw lean meat, chicken or
fish, two chicken drumsticks (without skin), two eggs or 200g of tofu. Lean choices, trimmed
of visible fat and cooking methods using little added fat such as stir frying, grilling or
microwaving were recommended. Boiled and poached eggs and fish tinned in spring water
were also suggested as good options. Participants were asked to avoid all high fat protein
foods such as sausages, salami, meat pies, streaky bacon, fried eggs, battered deep-fried meat
and canned corned beef. It was recommended that participants drink at least 8 cups of calorie
free drinks every day, of which the bulk should have been plain water, but diet soft drinks, tea
and coffee were also acceptable. The avoidance of soft drink, sugary fruit juices and cordials
was advised.
3.3.1.3

High protein diet

The dietary guidelines for the high protein diet were based on the CSIRO Total Well-being
Diet which recommends 30%TE from protein, 30%TE from fat and 40%TE from
carbohydrate (189). It was intended that participants get 25g fibre each day and after the
development of mock diets it was expected that participants would have a magnesium intake
of 280mg/day. The advice given to participants randomised to this group was as follows:
31

Participants were asked to aim to consume three units of protein-rich foods such as red
meat, fish, chicken, eggs or tofu each day. Each unit provided between 500 and 600kJ, and
was equivalent to 100g (raw weight) of lean meat, chicken or fish, two eggs, 200g of tofu or
30g of whey protein powder. The emphasis was placed on choosing lean cuts of meat, and
using cooking methods with minimal added fat. Inappropriate foods to eat included all high
fat protein foods such as sausages, salami, meat pies, deep fried meats and streaky bacon. It
was recommended that participants eat three units of high carbohydrate foods each day. Each
of these units contained approximately 450kJ, and the choice of wholegrain or wholemeal
varieties was emphasised. One unit was equal to one slice of toast bread, two crispbread, one
pita pocket or tortilla, ⅓ cup cooked rice, ½ cup cooked pasta, 45g high fibre breakfast cereal,
150g potato, kumara or taro, or a low fat muesli bar. Consumption of high sugar cereals,
toasted muesli, high fat pastries and crackers was discouraged. It was recommended that
participants drink six to eight cups of calorie-free beverages every day, of which the bulk
should have been plain water, but diet soft drinks, tea and coffee were also acceptable. The
avoidance of soft drink, sugary fruit juices and cordials was strongly suggested.
3.3.1.4

Recommendations common to both diets

The recommendations that were the same for participants in both diet groups were as follows:
It was advised that participants choose two units of milk or dairy products each day. One unit
contained approximately 450kJ and was equivalent to 200g yoghurt, 25g cheddar cheese,
100g cottage cheese or 250mL of low-fat milk. The importance of choosing low fat dairy
products was stressed, and the consumption of cream, full cream milk, and double-cream
cheeses were strongly discouraged. Participants were recommended to eat at least two and a
half cups of vegetables each day, not including potato, taro, kumara, and avocado. It could
include however, raw, frozen or canned vegetables and emphasis was placed on cooking
methods which involved adding minimal fat, such as boiling, steaming, stir-frying or
microwaving. It was suggested that participants avoided deep fried vegetables, vegetables
roasted in fat and vegetable soups made with cream and butter. Two units of fruit were to be
consumed each day, with one unit being equivalent to approximately 150g of fruit, or one
apple, two medium kiwifruit, half a banana, one cup of berries, 30g dried fruit or 150ml of
unsweetened fruit juice. Participants could choose from fresh, canned or frozen varieties,
although it was suggested that fruit canned in syrup and fruit juice with added sugar was
avoided.
Participants could select three units of fats and oils each day. One unit was equivalent to
two teaspoons of light margarine, one teaspoon of liquid oil or regular margarine, 20g of
avocado, or 7g of nuts. It was recommended that participants use this allowance for
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polyunsaturated or monounsaturated margarine or oil, or plain nuts as opposed to salted and
roasted nuts, butter and other foods high in saturated fats. Foods that participants could eat
freely were very low kilojoule foods such as low kilojoule soup, vegetable soups made with
only vegetables, diet jelly and vegetables. 860kJ of indulgence foods were allowed each
week, which could be 40g of chocolate, two glasses of wine or the kilojoule equivalent such
as three standard drinks of another alcoholic beverage, or snacks of their choice. A list of low
kilojoule condiments was given that could be used to spice up meals, which did not need to be
counted in any particular food allowance. It was also suggested that salt was used sparingly.
Included in the booklet with dietary guidelines specific to each diet group were helpful tips
such as ideas for lunches and snacks, tips for eating more vegetables, and for eating out. A
selection of recipes specially designed for this study and a two-week meal planner were also
included.
3.3.1.5

Support

At the initial one-hour introductory appointment, participants were shown a selection of foods
applicable to their diet, which they could buy from the supermarket. They were also shown
how to read food labels in order to choose foods appropriate to their diet group. Participants
received a food package at this visit, which for the high protein diet group contained canned
tuna and chicken and whey protein powder. Participants in this group also received $60
supermarket vouchers each fortnight. The high fibre diet group received a food package
containing high fibre wholegrain bread, high fibre cereal, a selection of beans and chickpeas,
bulgur wheat, wholegrain couscous and wholegrain crackers which they continued to receive
each fortnight. Tick sheets were provided to both diet groups to aid with compliance. A
support network was also set up for participants of each diet group on the social networking
internet site, Facebook. This was designed so that participants could ask questions of the
researchers easily, and provide support to each other.
3.3.1.6

Physical activity instructions

All participants, regardless of the intervention group to which they were assigned, were given
the same instructions with regard to physical activity. It was requested that they maintained
their current physical activity level.

3.4

Data collection

Every effort was made to collect data from participants who withdrew during the study.
Measurements collected from drop-outs were included in an intention to treat analyses. An
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outline of the time points at which clinical and biochemical measures were taken and other
data was collected is presented in table 3.1.
3.4.1

Dietary measurements

3.4.1.1

Three-day diet record

At the initial clinic visit, participants were asked to complete a three day weighed diet record
to assess their habitual dietary intake (refer appendix E). Participants were advised to record
their diet on three non-consecutive days, including two weekdays and a weekend day.
Thorough written and verbal instruction was given to participants to record brand names of
food, cooking details, and provide food packaging and recipes where appropriate. Additional
verbal and written instructions explained the process of filling in the record. Electronic scales
(Salter Electronics) were given, as well as a booklet of dietary assessment photos (refer
appendix E) to estimate portion sizes if scales could not be used for a particular meal. All diet
records were checked upon completion for missing detail, and such detail was verified with
the participant before diet records were entered. Participants filled in a second three- day diet
record during their last two weeks on the study.
3.4.1.1.1 Analysis of three day diet records
Hand written diet records were entered into an electronic database and analysed using Diet
Cruncher for Macintosh (Marshall- Seeley, Way Down South software, version 1.2.0, 2001),
which utilises food composition data from the New Zealand Food Composition tables, to
obtain daily nutrient intakes. Nutrient values for food items that were not in the electronic
database were obtained from manufacturers information or published references.
3.4.1.2

Hunger and satiety questionnaire

Included with the three-day diet records, were hunger and satiety questionnaires. For each
main meal on the days in which dietary recording took place, questions regarding hunger and
satiety were asked. On visual analogue scales, before and after each meal participants were
asked to record how hungry, full and satisfied they felt, as well as how much more they
thought they could eat. At the end of each day, an appetite questionnaire was filled in which
also asked participants to rate questions on a visual analogue scale. Questions regarded
hunger, thirst, preoccupation with thoughts of food, fullness, cravings and strength of desire
to eat.
3.4.2

Biochemical measurements

All biochemical measurements were repeated at baseline and at the end of the study.
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3.4.2.1

Blood sampling

An enrolled nurse employed by the Department of Human Nutrition, drew blood samples on
all four occasions. Venipuncture samples were drawn from the median cubital vein after an
overnight fast lasting at least ten hours. Blood samples were collected in two types of
vacutainers (Belton Dickinson Diagnostics); a 10mL lavender tube with sodium
ethylenediaminetetraacetic acid (NaEDTA) and a 4mL grey tube with glycolytic inhibitors.
The lavender tube was used for the analysis of lipids, insulin, high sensitivity C- reactive
protein (hs-CRP) and magnesium and the grey tube was used for glucose analysis.
Immediately after blood samples had been drawn, vacutainers were inverted several times and
stored in a chilly bin. Within two hours samples were taken to the laboratory in the
Department of Human Nutrition, where they were centrifuged at 3000RPM at 4°C for fifteen
minutes. Plasma aliquots were stored at -80°C until laboratory analyses were conducted.
3.4.2.2

Glucose, insulin, C-reactive protein and lipids analysis

Laboratory technicians in the University of Otago Department of Human Nutrition laboratory
carried out all analyses of blood, except plasma magnesium concentrations, which were
analysed by the researcher. Plasma insulin was measured using a specific insulin
electrochemiluminescence immunoassay for the Elecsys® analyser (Roche Diagnostics,
Mannheim, Germany) and CRP was measured by high sensitivity assay. Plasma total
cholesterol, triglyceride and glucose concentrations were measured enzymatically with Roche
kits and calibrators on a Cobas Fara Plus analyser. HDL cholesterol was measured in the
supernatant

after

precipitation

of

apolipoprotein-B

containing

lipoproteins

with

phosphotungstate/magnesium chloride solution. LDL cholesterol was calculated using the
Friedwald equation (190). HOMA-IR was calculated using fasting glucose and insulin
concentrations (191) and the McAuley insulin sensitivity index (McAuley IS) was calculated
using fasting insulin and triglyceride concentrations (exp [2.63 -0.28 ln(fasting insulin)0.31ln(fasting triglycerides)] (192).
3.4.2.3

Plasma magnesium analysis

The analysis of plasma magnesium concentrations took place using acid-washed equipment.
The combination of 250µL of plasma and 1ml of 69% nitric acid was digested at 100°C
overnight. This was made up to 10mL with deionised water and analysed by atomic
absorption spectrophotometry (Perkin Elmer AAnlalyst 800 and Win Lab 32).
3.4.3

Clinical assessment

All anthropometric measurements were repeated at baseline and at the end of the study.
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3.4.3.1

Height

Height was measured using the same stadiometer pole throughout the study. Participants were
positioned without footwear, with their back and heels against the stadiometer pole. The
participants’ head was placed in the Frankfort horizontal plane, and they were asked to stand
up as straight as possible. The measurement was taken to the nearest millimetre.
3.4.3.2

Weight

Weight was measured using the same set of electronic calibrated scales (Wedderburn)
throughout the study. Participants were instructed to remove footwear, bulky jackets and any
heavy items from their pockets. Their weight was recorded to the nearest 0.1kg.
3.4.3.3

Waist circumference

Waist circumference was measured using the same standard anthropometric tape measure. A
small mark was made on the skin at the midpoint between the anterior superior iliac spine of
the hip and the bottom of the rib cage. Participants were instructed to breathe normally, and
the tape measure was then placed around the body in a horizontal line over the marked point.
The tape measure was applied flat and taught, and the measure was recorded to the nearest
millimetre. This was repeated twice at each visit.
3.4.3.4

Blood pressure

Blood pressure was measured twice at each visit using a calibrated manual
sphygmomanometer, from the dominant arm of participants. Participants were seated for at
least five minutes before and between readings. If taking blood pressure lowering medication,
participants were instructed to take it at the same time as usual.
3.4.3.5

Body composition

Fat mass, lean mass, and trunkal fat mass were assessed by dual energy X-ray absorptiometry
(DEXA) (DPX-L scanner, Lunar Corp, Cincinnati, OH) using software version 1.35 (Lunar,
Cincinnati, OH) at the Dunedin Public Hospital DEXA Scanning Unit. There was an upper
weight limit of 120kg; so 7 Participants were unable to be scanned.

3.4.4

Other assessment

3.4.4.1

Personal information and medical history questionnaire

Personal details and medical history, including medications and family history of chronic
disease or disease predictors were collected from participants at their first clinic visit (refer
appendix C).
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3.4.4.2

Physical activity questionnaire

The international physical activity questionnaire (refer appendix C) was administered at
baseline and at the end of the study (193). Questions were asked regarding physical activity in
the seven days prior to filling in the questionnaire, including the number of days in which
vigorous and moderate and low intensity exercise was done, and how much time was spent
doing each.
3.4.4.3

Exit questionnaire

Participants completed questionnaires when they came in for their first end of study clinic
visit (refer appendix F). In order to determine participants’ attitudes to and opinions of the
different diets, questions regarding adherence, motivation, and commitment were asked
Participants’ individual results, as well as an explanation were mailed to them once
biochemical analyses were completed (refer appendix F).

3.5

Statistics

Statistical analyses were performed using the STATA statistical software package 9.0 (Stata,
College Station, TX). It was calculated that 72 participants (36 in each diet group) would be
needed based on a power calculation of seeing a 30% difference in insulin resistance as
assessed by the HOMA index, with 80% power at a level of significance of 0.05. To allow for
a drop out rate of 10%, it was intended that 80 participants would be recruited. Variables with
a skewed distribution where the variance was related to the mean were log transformed and
the results were presented as geometric means, ranges and ratios. Regression models
comparing diet groups for dietary, clinical and biochemical variables at week 8 were adjusted
for baseline measures of the variable of interest. Baseline dietary and plasma magnesium
regression models were adjusted for age, BMI and physical activity level in metabolic energy
equivalents per day. Regression models for change in magnesium status and intake were
adjusted for the variable of interest at baseline and dietary or plasma magnesium at week 8.
All analyses were intention to treat analyses unless stated. No adjustments were made for
multiple comparisons.

3.6

End of study administration

At the end of the study, individual results and an explanation of these were sent out to study
participants (refer appendix F).

37

Figure 4.1: Flowchart of participants through randomised trial
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4.0

RESULTS

4.1

Study participants

4.1.1

Attrition rates

The progress of participants through the study is shown in figure 4.1. Eighty-three
participants were randomised to one of the two dietary interventions, and 74 participants
(89%) completed the full eight weeks. Drop out rates were 10% and 12% in the high fibre
group and high protein group respectively. Three women (two from the high fibre group and
one from the high protein group) withdrew at six weeks due to unforseen circumstances, but
provided compete set of data at this time. Three other participants who withdrew returned to
provide end of study data.
4.1.2

Demographic characteristics

Demographic characteristics of participants are shown in table 4.1. On entrance to the study
participants ranged in age from 18 to 61 years, with a mean age of 43 in the high fibre group
and 41 in the high protein group. The majority (79.5%) of participants were of New Zealand
European ethnicity.

4.2

Two research questions

Further results of this study will be presented in two parts, associated with the two research
questions:


Does a hypocaloric high carbohydrate, high fibre diet improve cardiovascular risk
factors and individual components of the metabolic syndrome to a greater extent than
does a hypocaloric high protein diet? The results of this research question are included
for completeness only and will not be discussed.



Are changes in dietary magnesium intake and serum magnesium associated with
concurrent changes in cardiovascular risk factors and individual components of the
metabolic syndrome?

4.3

Results of the dietary intervention for the metabolic syndrome

4.3.1

Baseline data

4.3.1.1

Nutrient composition of habitual diet

The average daily intake of macronutrients calculated from three-day diet records completed
prior to the intervention is presented in table 4.2. The mean energy intakes per day were
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Table 4.1: Demographic characteristics of participants
High Fibre

High Protein

n=41

n=42

n (%)

n (%)

43±9.6 (22-61)

41±12.7 (18-60)

34 (82.9%)

32 (76.2%)

NZ Maori

4 (9.8%)

8 (19.0%)

Pacific Islander

1 (2.4%)

1 (2.4%)

Other

2 (4.9%)

1 (2.4%)

Never

22 (53.7%)

25 (59.5%)

Former

18 (43.9%)

12 (28.6%)

Current

1 (2.4%)

5 (11.9%)

Low

21 (51.2%)

10 (23.8%)

Moderate

12 (29.3%)

12 (28.6%)

High

8 (19.5%)

20 (47.6%)

4 (9.8%)

6 (14.6%)

Premenopausal

27 (65.9%)

28 (66.7)

Postmenopausal

14 (34.1%)

14 (33.3%)

High Blood pressure

7 (17.1%)

4 (9.5%)

High cholesterol

2 (4.9%)

1 (2.4%)

0 (0%)

1 (2.4%)

2 (4.9%)

2 (4.8%)

Heart disease

14 (34.1%)

9 (21.4%)

High blood pressure

23 (56.1%)

24 (57.1%)

High cholesterol

13 (31.7%)

11 (26.2%)

Type 2 diabetes

8 (19.5%)

6 (14.3%)

Age (years)*
Ethnicity:
NZ European

Smoking status:

Physical activity level:

Current oral contraceptive use
Menstrual status:

Previous diagnosis of:

Diabetes
Gestational diabetes
Family history of:

* Data is presented as mean ± SD (range)
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Table 4.2: Macronutrient intakes at baseline
High fibre

High protein

n=41

n=42

Mean (SD)

Mean (SD)

8577 (2179)

8383 (2141)

Protein (%TE)

17.8 (3.7)

17.4 (4.2)

Fat (%TE)

31.4 (6.9)

32.4 (8.3)

Saturated fatty acids (%TE)

12.5 (4.0)

12.7 (3.4)

Monounsaturated fatty acids (%TE)

10.5 (2.8)

10.9 (3.2)

Polyunsaturated fatty acids (%TE)

4.7 (2.1)

5.0 (2.4)

Cholesterol (mg)

246 (152)

254 (126)

Carbohydrate (%TE)

47.0 (7.0)

45.6 (7.3)

Sucrose (g)

48.9 (28.4)

42.2 (18.4)

Total sugars (g)

107.6 (43.2)

103.6 (33.9)

25.1 (7.4)

25.1 (9.6)

Soluble fibre (g)

11.0 (3.0)

11.6 (4.4)

Insoluble fibre (g)

13.1 (4.9)

12.7 (5.2)

1.8 (0.0-11.3)

2.1 (0.0-11.9)

Energy (kJ)

Total fibre (g)

Alcohol (%TE)*
%TE = percentage of total energy provided by the nutrient
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Table 4.3: Micronutrient intakes at baseline
High fibre

High protein

n=41

n=42

Mean (SD)

Mean (SD)

Vitamin A (µg)*

826 (151-2561)

800 (266-2802)

Vitamin C (mg)*

77.9 (18.0-201.3)

88.8 (17.7-282.7)

Vitamin E (mg)*

8.7 (2.5-17.5)

8.3 (3.2-17.0)

Folate (µg)*

291 (146-791)

314.5 (100-861)

Iron (mg)*

12.0 (5.0-29.5)

11.0 (4.8-23.6)

Zinc (mg)

11.4 (3.1)

10.8 (4.0)

Sodium (mg)

2794 (807)

2674 (1045)

Calcium (mg)

866 (274)

752 (264)

* Data has been log transformed and is reported as geometric mean (range)
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8577kJ in the high fibre group and 8383kJ in the high protein group, both of which were
higher than the average of 7701kJ per day reported for women in the 1997 NNS (46). On
average, 17.6%TE was provided by protein, with 78% of women meeting the RDI and 90%
meeting the estimated average requirement (EAR) (43). Carbohydrate provided 46.3%TE and
31.9%TE was provided by fat. Percentage of energy contributed by fat was lower than the
35%TE reported for women in the 1997 NNS (46). Mean fibre intake was 25.1g per day in
both diet groups, which was higher than the 18g per day for females reported in the 1997
National Nutrition Survey (46), however only 46% of women met the RDI for total fibre
intake (43).
Average micronutrient intakes recorded at baseline are reported in table 4.3.
Micronutrient intakes were very similar between diet groups. Mean vitamin A and vitamin C
intakes were lower than those reported by women in the 1997 national nutrition survey (46)
and 58% and 84% met the respective RDI respectively. Only 27% of women met the RDI for
folate, and 20% met the RDI for calcium even though the average daily intakes were higher
than those reported by women in the 1997 NNS (46). Ninety-five percent of women aged over
50, and 11% of women under 50 met the RDI for iron.
4.3.1.2

Baseline clinical and biochemical measurements

Baseline clinical measurements are shown in table 4.4. The high fibre and high protein groups
were well matched at baseline. Participants in the high fibre group weighed 93kg on average
with a body mass index of 34.2kg/m2 and in the high protein group, 92kg with a body mass
index of 33.7 kg/m2. Seventy-eight percent of participants were classified as obese (BMI of
30kg/m2 or greater) and 12% had a BMI of greater than 40kg/m2 (149). Mean waist
circumference was 96.3cm, with 94% of participants defined as centrally obese (waist
circumference greater than 80cm) (194). Mean fat mass was 40.9kg contributing to on
average 45.7% of body weight. With a mean systolic blood pressure of 125mmHg and
diastolic blood pressure of 80mmHg, 35% of participants were classified as having raised
blood pressure (194).
Baseline biochemical measurements are shown in table 4.5, and are well matched
between diet groups. Lipid profiles were similar between groups, with a total cholesterol
concentration of 5.1mmol/L and 5.2mmol/L in the high fibre and high protein groups
respectively. 24% of participants had raised triglycerides (194). Average fasting glucose was
5.00mmol/L in the high protein group compared with 4.95mmol/L in the fibre group, and
only 11% of participants were classified as having raised fasting plasma glucose (194).
Fifteen percent of participants had the metabolic syndrome (IDF criteria) at baseline (194).
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Table 4.4: Clinical measurements at baseline
High fibre

High protein

n=41

n=42

mean (SD)

mean (SD)

Height (m)

1.65 (0.07)

1.65 (0.07)

Weight (kg)

92.9 (15.3)

91.5 (15.8)

Body mass index (kg/m2)

34.16 (4.84)

33.67 (4.87)

Waist circumference (cm)

97.3 (11.8)

95.3 (11.6)

Fat mass (kg)*

42.0 (9.7)

39.8 (8.7)

Bodyfat (%)*

46.3 (5.4)

45.1 (4.7)

Lean mass (kg)*

45.3 (4.9)

45.1 (5.1)

Trunkal fat (kg)*

21.7 (5.4)

20.2 (5.0)

Systolic blood pressure (mmHg)

123.8 (13.7)

126.0 (15.8)

Diastolic blood pressure (mmHg)

79.7 (9.6)

79.62 (10.0)

* n= 39 in high fibre group, n= 38 in high protein group
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Table 4.5: Biochemical measurements at baseline
High fibre

High protein

n=41

n=42

mean (SD)

mean (SD)

Total cholesterol (mmol/L)

5.07 (0.89)

5.20 (1.08)

LDL cholesterol (mmol/L)

3.13 (0.74)

3.28 (0.86)

HDL cholesterol (mmol/L)

2.22 (0.37)

2.21 (0.45)

Triglycerides (mmol/L)

1.42 (0.62)

1.47 (0.76)

4.95 (3.91-6.10)

5.00 (3.79-12.60)

10.35 (3.84-38.38)

9.92 (4.81-38.57)

HOMA-IR*

1.52 (0.56-5.46)

1.46 (0.72-4.53)

McAuley IS*

6.63 (3.80-11.13)

6.70 (3.64-9.85)

hs C-reactive protein (mg/L)*

2.23 (0.25-20.10)

2.28 (0.10-20.75)

Fasting glucose (mmol/L)*
Fasting insulin (uU/ml)*

* Data has been log transformed and is presented as geometric mean (95% confidence interval)
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Table 4.6: Comparison of change in macronutrient intakes between groups
Baseline

Week 8

Diet group

Energy (kJ)

Protein (%TE)

Fat (%TE)

F42

SAFA (%TE)

MUFA (%TE)

PUFA (%TE)

Cholesterol (mg)

Change (95% CI)*
mean (SD)

mean (SD)

High fibre

8471 (2089)

6086 (965)

-2385 (-3117, -1654)

High protein

8250 (2063)

6524 (1339)

-1726 (-2534, -919)

High fibre

18.4 (3.3)

21.4 (3.1)

3.1 (1.6, 4.5)

High protein

17.8 (4.3)

27.7 (4.3)

9.9 (7.9, 11.8)

High fibre

30.9 (7.1)

23.2 (6.8)

-8.8 (-10.7, -4.7)

High protein

32.5 (8.4)

29.6 (5.1)

-2.9 (-0.6, 6.5)

High fibre

12.1 (3.9)

8.1 (3.5)

-4 (-5.5, -2.5)

High protein

12.5 (3.4)

10.6 (2.2)

-1.9 (-3.2, -0.6)

High fibre

10.4 (3.0)

7.4 (2.6)

-3.0 (-4.2, -1.8)

High protein

10.9 (3.2)

11.1 (2.7)

0.1 (-1.4, 1.7)

High fibre

4.7 (2.1)

4.4 (2.3)

-0.3 (-1.3, 0.6)

High protein

5.2 (2.5)

4.5 (2.5)

-0.8 (-1.8, 0.3)

High fibre

245 (160)

158 (70)

-88 (-146, -30)

High protein

254 (122)

344 (98)

90 (37, 143)

Difference between
diets (95% CI) †

P-value

-455 (-1009, 100)

0.106

-6.3 (-8.1, -4.5)

<0.001

-6.3 (-9.2, -3.4)

<0.001

-2.5 (-3.8, -1.1)

0.001

-3.6 (-4.9, -2.3)

<0.001

-0.05 (-1.0, 0.9)

0.917

-187 (-227. -146)

<0.001

%TE= percent of total energy provided by nutrient SAFA= saturated fatty acids MUFA= monounsaturated fatty acids PUFA= polyunsaturated fatty acids.
* Change between baseline and week 8 estimated by paired t-test † Differences between diets are estimated by ANCOVA with adjustment for baseline values

4.3.2

Nutrient composition of study diet

A comparison of the nutrient composition of the study diets between diet groups is shown in
tables 4.6 and 4.7.
4.3.2.1

Energy and macronutrients

Mean energy intakes reduced significantly in the high fibre group by 2385kJ (p<0.0001) and
by 1726kJ (p=0.0001) in the high protein diet group. This was not different between diet
groups. Percentage of energy provided by protein was increased by 9.9% in the high protein
diet group and by 3.1% in the high fibre group. The increase in protein intakes were
significantly larger in the high protein group than in the high fibre group (p<0.0001). During
the eight week intervention period, percentage of energy provided by carbohydrate increased
in the high fibre group by 9.2% and decreased in the high protein group by 5.6% with a
between group difference (p<0.001). Both diet groups significantly reduced the percentage of
energy provided by total fat as well as saturated fat, although the high fibre group did this to a
significantly greater extent (p<0.001 and p=0.001 respectively).
Percentage of total energy provided by monounsaturated fatty acids was reduced in the
high fibre diet group (p<0.0001) and was significantly different between diet groups
(p<0.001). A similar trend was seen with dietary cholesterol, where a significant difference
was seen between groups at week eight (p<0.001) due to the reduction in cholesterol intake in
the high fibre group from baseline (p=0.0042) and an increase in the high protein diet group
(p=0.0015). Total fibre, soluble and insoluble fibre increased significantly in the high fibre
diet group from baseline to week eight. In the high protein group, total fibre and insoluble
fibre did not change, although a significant reduction in soluble fibre was observed
(p=0.0083). Total fibre, soluble fibre and insoluble fibre between groups at week 8 were
significant (p<0.001).
4.3.2.2

Micronutrients

Mean dietary intakes of vitamin A and vitamin C increased in the high protein group, but no
significant differences were seen between groups at week 8. Calcium intakes reduced in the
high fibre group (p=0.0251), which lead to a significant difference between groups at week 8
(p=0.032). Sodium intakes significantly reduced in both the high fibre (p=0.0067) and the
high protein diet group (p=0.0025) from baseline to week 8. Zinc intakes at week 8 were
greater in the high protein diet group than the high fibre diet group (p= 0.002).
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Table 4.6 continued: Comparison of change in macronutrient intakes between groups
Baseline

Week 8

mean (SD)

mean (SD)

High fibre

46.7 (7.3)

51.4 (6.0)

9.2 (1.6, 7.9)

High protein

44.8 (6.4)

39.2 (5.7)

-5.6 (-8.2, -3.0)

High fibre

46.4 (24.9)

29.8 (13.3)

-16.5 (-25.0, -8.0)

High protein

42.3 (19.3)

29.2 (14.1)

-13.0 (20.6, -5.5)

High fibre

105.8 (37.5)

88.8 (21.2)

-17.0 (-28.3, -5.7)

High protein

102.5 (35.3)

86.4 (30.2)

-16.1 (-29.7, 2.6)

High fibre

25.8 (7.3)

37.9 (11.7)

12.2 (7.7, 16.7)

High protein

25.4 (9.9)

23.4 (7.5)

-2.1 (-5.5, 1.4)

High fibre

11.1 (2.9)

14.2 (4.9)

3.1 (1.1, 5.1)

High protein

11.6 (4.2)

9.7 (3.2)

-1.9 (-3.3, -0.5)

High fibre

13.5 (4.9)

20.7 (7.2)

7.2 (4.6, 9.8)

High protein

12.9 (5.1)

12.7 (4.6)

-0.2 (-2.3, 2.0)

High fibre

3.3 (2.0, 5.4)

3.1 (1.6, 5.8)

0.92 (0.58, 1.45)

High protein

2.2 (0.6, 8.6)

3.3 (1.5, 7.4)

1.50 (0.46, 4.83)

Diet group

Carbohydrate (%TE)

Sucrose (g)

Total sugars (g)
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Total fibre (g)

Soluble fibre (g)

Insoluble fibre (g)

Change (95% CI)*

Alcohol (%TE)*

Difference†

P-value

12.0 (9.2, 14.8)

<0.001

0.04 (-6.4, 6.5)

0.991

1.6 (-10.0, 13.2)

0.786

14.5 (9.8, 19.2)

<0.001

4.6 (2.7, 6.6)

<0.001

7.8 (5.0, 10.7)

<0.001

0.8 (0.3, 1.9)

0.578

%TE= percent of total energy provided by nutrient
* Change between baseline and week 8 estimated by paired t-test † Differences between diets are estimated by ANCOVA with adjustment for baseline values

Table 4.7: Comparison of change in micronutrient intakes between groups
Baseline

Week 8

Mean (SD)

Mean (SD)

High fibre

839.9 (151.3-2560.7)

1093.3 (376.3-4094.0)

1.30 (0.96, 1.77)

High protein

822.1 (266.0-2802.3)

1430.5 (505.7-4141.7)

1.74 (1.38, 2.20)

High fibre

86.8 (17.7, 282.7)

99.3 (43.0-338.0)

1.14 (0.89, 1.46)

High protein

92.2 (18.0-201.3)

115.5 (44.7-348.7)

1.25 (1.01, 1.55)

High fibre

8.63 (2.50-17.5)

7.99 (2.87-12.80)

0.93 (0.78, 1.10)

High protein

8.79 (3.20-17.00)

8.54 (5.10-20.50)

0.97 (0.82, 1.15)

High fibre

305.6 (146.3-791.3)

316.7 (153.7-706.7)

1.04 (0.87, 1.24)

High protein

318.8 (99.7-860.7)

319.7 (214.7-634.0)

1.00 (0.84, 1.20)

High fibre

11.8 (5.0-29.5)

11.5 (5.0-17.1)

0.97 (0.85, 1.10)

High protein

10.9 (4.8-23.6)

12.2 (8.4-20.3)

1.12 (0.99, 1.28)

High fibre

11.4 (3.3)

10.3 (2.3)

-1.1 (-2.2, 0.0)

High protein

10.6 (3.9)

12.1 (2.6)

1.5 (0.0, 3.1)

High fibre

2736 (824)

2234 (683)

-502 (-855, -148)

High protein

2497 (921)

2014 (645)

-484 (-785, -181)

High fibre

902 (272)

770 (229)

-132 (-246, -17)

High protein

772 (278)

877 (268)

105 (-7, 216)

Diet group

Vitamin A (µg)*

Vitamin C (mg)*
Vitamin E (mg)*
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Folate (µg)*
Iron (mg)*
Zinc (mg)
Sodium (mg)

Calcium (mg)

Change (95% CI)†

* Data has been log transformed and is reported as geometric mean (range)
† Change between baseline and week 8 estimated by paired t-test

Difference‡

95%
Confidence
interval

P-value

0.76 (0.58, 1.01)

0.58, 1.01

0.057

0.87 (0.70, 1.08)

0.70, 1.08

0.193

0.94 (0.81, 1.09)

0.81, 1.09

0.406

1.00 (0.85, 1.16)

0.85, 1.16

0.956

0.92 (0.83, 1.03)

0.83, 1.03

0.135

-1.9 (-3.1, -0.8)

-3.1, -0.8

0.002

176 (-137, 490)

-137, 490

0.265

-132 (-252, -11)

-252, -11

0.032

Table 4.8: Comparison of achieved macronutrient intakes with recommendations
Recommended

Achieved
n (%)

High Fibre

5500

7 (17.1)

High protein

5500

8 (19.0)

High Fibre

20

12 (29.3)

High protein

30

9 (21.4)

High Fibre

55

12 (29.3)

High protein

45

28 (66.7)

High Fibre

25

23 (56.1)

High protein

25

7 (16.7)

High Fibre

35

22 (53.7)

High protein

25

11 (26.2)

Diet group

Energy (kJ)

Protein (%TE)

Carbohydrate (%TE)

Fat (%TE)

Fibre (g)

%TE = percentage of total energy provided by the nutrient
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4.3.2.3

Comparison with targets

Table 4.8 shows the comparison of study diets with the targets for each diet. The energy target
for both intervention groups was 5500kJ per day and in the high fibre and high protein group,
only 17% and 19% of participant’s respectively consumed below this. Protein targets were
met by 21% of participants in the high protein group and 29% of those in the high fibre group
met the carbohydrate targets. In both groups the target for dietary fat was less than 25%TE,
which was met by 56% of those in the high fibre group but only 17% of those in the high
protein group. This was a significant difference between diet groups (p<0.001). The fibre
target of 35g per day for the high fibre group was met by 54% of participants, whilst only
26% of those in the protein group reached their target of 25g per day.
4.3.3

Comparison of clinical and biochemical outcomes

Comparisons of clinical and biochemical measurements between diet groups are shown in
tables 4.9 and 4.10.
4.3.3.1

Weight, body mass index and waist circumference

Substantial weight loss was achieved in both diet groups from baseline to the end of the
intervention. Those participants consuming a high fibre diet lost an average of 3.2kg
(p<0.0001) and those consuming a high protein diet lost on average 4.2kg (p<0.001). In an
intention to treat analysis (table 4.9), the mean difference in weight loss between diet groups
was non-significant. In a per-protocol analyses, which excluded 3 non-compliant dropouts,
participants in the high protein group lost 1.5kg on average more than those in the high fibre
group (p= 0.018).
At the completion of the study, participants in both groups had on average, significantly
reduced their body mass index (p <0.0001). BMI reduced by 1.26kg/m2 in the high fibre
group and by 1.78kg/m2 in the high protein group. A greater decrease was seen in the high
protein group than the high fibre group (p=0.035). Mean waist circumference decreased by
4.7cm in the high fibre group and by 5.4cm in the high protein group from baseline to week
eight, which was not significant between groups.
4.3.3.2

Body composition

Three participants in the high protein group and two participants in the high fibre group
were unable to have their body composition measured by DEXA, due to an upper weight limit
for the scanner of 120kg. Over the eight week intervention, fat mass decreased by an average
of 2.35kg in the high fibre group (p<0.0001) and by 3.75kg in the high protein group
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Table 4.9: Comparison of change in clinical measures between diet groups.
Baseline

Week 8

mean (SD)

mean (SD)

High fibre

92.6 (15.3)

89.3 (15.9)

-3.2 (-4.1, -2.4)

High protein

91.2 (15.8)

87.0 (16.0)

-4.2 (-5.1, -3.3)

High fibre

33.68 (4.40)

32.42 (4.85)

-1.26 (-1.61, -0.90)

High protein

32.87 (4.54)

31.09 (4.45)

-1.78 (-2.09, -1.47)

High fibre

97.2 (12.0)

92.5 (11.4)

-4.7 (-5.8, -3.6)

High protein

93.5 (10.9)

88.1 (10.6)

-5.4 (-6.4, -4.4)

High fibre

41.96 (9.84)

39.61 (10.62)

-2.35 (-3.32, -1.39)

High protein

38.87 (8.22)

35.12 (9.26)

-3.75 (-4.44, -3.06)

High fibre

46.18 (5.43)

44.78 (6.53)

-1.40 (-2.18, -0.62)

High protein

44.61 (4.58)

42.00 (5.79)

-2.60 (-3.19, -2.01)

High fibre

45.32 (4.93)

44.86 (5.00)

-0.46 (-0.92, 0.01)

High protein

45.00 (5.08)

44.88 (5.21)

-0.13 (-0.53, 0.27)

High fibre

21.64 (5.46)

19.91 (6.04)

-1.74 (-2.37, -1.10)

High protein

19.64 (4.70)

17.12 (5.28)

-2.52 (-2.96, -2.07)

High fibre

123.7 (14.4)

122.1 (13.3)

-1.7 (-4.4, 1.0)

High protein

126.8 (16.4)

121.2 (15.5)

-5.7 (-8.7, -2.6)

High fibre

79.7 (9.9)

78.8 (9.6)

-0.9 (-3.1, 1.2)

High protein

80.5 (10.1)

75.6 (8.4)

-4.8 (-6.9, -2.8)

Diet group
Weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Fat mass (kg)*
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Bodyfat (%) *
Lean mass (kg)*
Trunkal fat (kg)*
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

Change (95% CI) †

Difference between
diets (95% CI) ‡

p-value

0.97 (-0.25, 2.19)

0.118

0.50 (0.04, 0.97)

0.035

0.96 (-0.48, 2.40)

0.187

1.20 (0.03, 2.38)

0.045

0.94 (0.04, 1.84)

0.037

-0.32 (-0.93, 0.29)

0.294

0.64 (-0.13, 1.42)

0.102

3.31 (-0.39, 7.01)

0.078

3.69 (1.11, 6.27)

0.006

*n=34 in high protein diet group and n=36 in high fibre diet group.
† Change between baseline and week 8 estimated by paired t-test ‡ Differences between diets are estimated by ANCOVA with adjustment for baseline values

(p<0.0001). The reduction in the high protein group was significantly greater than the
reduction in the high fibre group (p=0.045). Body fat percentage showed the same trend, with
a significant 1.4% reduction in the high fibre group (p=0.0008) and 2.6% reduction in the
high protein group (p<0.0001). This difference between groups was significant (p=0.037).
Trunkal fat was also significantly reduced in both diet groups from baseline to the end of the
study (p<0.0001). It decreased by 1.74kg in the high fibre group and by 2.52kg in the high
protein group, which was not different between diet groups. Lean mass did not change from
baseline to week eight in either the high protein or high fibre diet group.
4.3.3.3

Blood pressure

Mean systolic and diastolic blood pressures reduced significantly in the high protein group
from baseline to week 8 by 5.75mmHg (p=0.0005) and 4.8mmHg (p<0.0001) respectively.
The high fibre group showed no significant reductions in blood pressure. When comparing
diet groups, reduction in diastolic blood pressure was 3.7mmHg greater in the high protein
group compared with the high fibre group (p=0.006).
4.3.3.4

Lipid profile

Significant reductions from baseline to week eight were seen for total cholesterol, LDL
cholesterol, HDL cholesterol and triglycerides in both diet groups, however, no significant
differences were seen between diet groups.
4.3.3.5

Glucose metabolism

The data for fasting glucose, insulin, HOMA-IR index and McAuley IS were skewed, so the
data was log transformed and results were shown as geometric means, ranges and ratios.
Mean fasting glucose concentration decreased by 2% in the high protein diet group
(p=0.0406), but did not change in the high fibre group. Fasting insulin was significantly
reduced in the high protein group by 13% over the course of the study (p=0.0214). Predicted
insulin resistance using HOMA-IR reduced by 14% in the high protein group (p=0.0137).
Using the McAuley IS index, both the high fibre and high protein diet groups significantly
increased their insulin sensitivity by 7% (p=0.0072) and 11% (p<0.0001) respectively. There
were no significant changes or differences between diet groups in fasting insulin, glucose,
HOMA-IR or McAuley IS.
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Table 4.10: Comparison of biochemical measures between diet groups.
Baseline

Week 8

mean (SD)

mean (SD)

High fibre

5.11 (0.90)

4.67 (0.71)

-0.44 (-0.63, 0.24)

High protein

5.28 (1.05)

4.67 (0.92)

-0.61 (-0.78, -0.44)

High fibre

3.18 (0.72)

2.87 (0.59)

-0.31 (-0.46, -0.16)

High protein

3.34 (0.86)

2.97 (0.72)

-0.37 (-0.50, -0.24)

High fibre

2.24 (0.37)

1.22 (0.28)

-1.02 (-1.17, 0.87)

High protein

2.25 (0.44)

1.15 (0.25)

-1.10 (-1.26, 0.94)

High fibre

1.39 (0.31)

1.21 (0.48)

-0.18 (-0.28, -0.08)

High protein

1.50 (0.78)

1.20 (0.53)

-0.3 (-0.42, -0.19)

High fibre

4.95 (3.91, 6.10)

4.85 (1.66, 6.83)

0.98 (0.96, 1.00)

High protein

5.02 (3.79, 12.60)

4.93 (3.69, 11.85)

0.98 (0.96, 1.00)

High fibre

9.97 (3.84, 38.38)

9.09 (1.66, 43.10)

0.91 (0.80, 1.04)

High protein

9.83 (4.81, 38.57)

8.51 (3.69, 68.91)

0.87 (0.77, 0.98)

High fibre

1.47 (0.56, 5.46)

1.35 (0.40, 6.17)

0.92 (0.81, 1.04)

High protein

1.45 (0.72, 4.53)

1.24 (0.52, 9.17)

0.86 (0.76, 0.97)

High fibre

6.75 (3.80, 11.13)

7.18 (4.27, 13.93)

1.07 (1.02, 1.11)

High protein

6.68 (3.64, 9.85)

7.39 (4.40, 10.91)

1.11 (1.06, 1.15)

High fibre

2.12 (0.25, 20.10)

1.78 (0.30, 15.55)

0.84 (0.65, 1.08)

High protein

2.22 (0.10, 20.75)

2.11 (0.20, 9.36)

0.95 (0.68, 1.32)

Diet group

Total cholesterol (mmol/L)

LDL cholesterol (mmol/L)
HDL Cholesterol (mmol/L)
Triglycerides (mmol/L)
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Fasting glucose (mmol/L)*
Fasting insulin (uU/ml)*
HOMA-IR*
McAuley IS*
hs C-reactive protein (mg/L)*

Change (95% CI) †

Difference between
diets (95% CI) ‡

p-value

0.12 (-0.09, 0.33)

0.27

0.02 (-0.16, 0.20)

0.813

0.07 (-0.05, 0.19)

0.255

0.08 (-0.02, 0.19)

0.118

1.00 (0.97, 1.03)

0.863

1.05 (0.88, 1.26)

0.571

1.07 (0.90, 1.27)

0.451

0.96 (0.91, 1.02)

0.232

0.87 (0.61, 1.24)

0.434

*Data has been log transformed and is presented as geometric mean (range) and as ratios † Change between baseline and week 8 estimated by paired t-test
‡ Differences between diets are estimated by ANCOVA with adjustment for baseline values

4.3.3.6

C-reactive protein

The data for hs-CRP were skewed, so the data was log transformed and results were shown as
the geometric mean, range and ratios. Mean hs-CRP did not significantly change in either the
high protein or the high fibre diet group from baseline to week 8, and there was no significant
difference between diet groups.
4.3.3.7

Metabolic syndrome

The prevalence of the metabolic syndrome did not change in either diet group between
baseline and week eight.
4.3.3.8

Physical activity

Mean weekly physical activity did not significantly change in the high fibre or the high
protein diet group from baseline to week eight. There was also no significant difference
between diet groups (p=0.778).

4.4

Results for the investigation of magnesium and cardiovascular risk

4.4.1

Dietary magnesium intake and plasma magnesium concentration

Table 4.11 shows dietary magnesium intake and plasma magnesium concentration at baseline
and week eight and a comparison between diet groups. At baseline, average magnesium
intake was 307mg per day, which was higher than the average intake for females reported in
the 1997 NNS, although only 66% met the EAR and 49% met the RDI (46). Dietary
magnesium intake did not change between baseline and week eight in the high fibre group or
the high protein diet group. Average plasma magnesium concentration was 21.43mg/L at
baseline and did not change between baseline and week eight in either diet group. Average
plasma magnesium concentration at week eight was 21.13mg/L in the high fibre diet group
and 21.12mg/L in the high protein diet group. These differences between groups were nonsignificant.
4.4.2

Cross sectional associations with magnesium

4.4.2.1

Baseline associations with dietary magnesium

Tables 4.12 and 4.13 show baseline associations between dietary magnesium and clinical and
biochemical variables using simple linear regression models and models adjusted for age,
body mass index and physical activity. Systolic blood pressure was negatively associated with
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Table 4.11: Comparison of magnesium status and intake between diet groups
Diet group

Dietary magnesium intake
(mg/day)*

High fibre
High protein
High fibre

Plasma magnesium
concentration (mg/L)

High protein

Baseline

Week 8

mean (SD)

Mean (SD)

327 (145-585)

334 (152-574)

Change (95% CI)†

320.7 (167-539)

1.04 (0.91, 1.18)

21.45 (1.58)

21.13 (1.52)

-0.32 (-0.74, 0.11)

21.12 (1.54)

(95% CI)‡

P-value

1.02 (0.91, 1.15)

310.6 (147-582)

21.51 (1.53)

Difference between diets

-0.39 (-1.00, 0.22)
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*Dietary magnesium intake is measured in grams † Change between baseline and week 8 estimated by paired t-test
‡ Differences between diets are estimated by ANCOVA with adjustment for baseline values

1.03 (0.91, 1.17)

0.650

0.04 (-0.58, 0.66)

0.898

dietary magnesium intake (-32.2, p=0.043). In an adjusted regression model, this relationship
was not attenuated (p=0.014). Dietary magnesium and HDL cholesterol were associated in a
simple regression model (p=0.044), although this association was attenuated when adjusted
for confounding factors. An association between dietary magnesium and hs-CRP was
significant after adjustment for confounding factors (p=0.033). Associations were observed
between dietary magnesium and fasting insulin in both a simple and adjusted regression
model (p=0.001 and p=0.003 respectively). McAuley IS was also associated with dietary
magnesium in both regression models (p=0.029 and p=0.034 respectively). Energy intake was
significantly associated with dietary magnesium intake at baseline and week eight (p<0.0001).
No associations were observed between dietary magnesium and serum magnesium at baseline
or week eight.
4.4.2.2

Baseline associations with plasma magnesium

Tables 4.14 and 4.15 show baseline associations between plasma magnesium and clinical and
biochemical variables using simple linear regression models and models adjusted for age,
body mass index and physical activity. No significant associations were seen between any of
the clinical or biochemical variables and plasma magnesium.
4.4.3

Longitudinal associations with magnesium

4.4.3.1

Associations with change in dietary magnesium intake

Table 4.16 shows the associations between the change in dietary magnesium from baseline to
week eight and clinical variables at week eight using regression models adjusting for the
baseline clinical variables and dietary magnesium at week eight. The combined model is also
adjusted for diet group. The only variable that was significantly associated with dietary
magnesium in these regression models was weight in the high fibre group (p=0.005), which
decreased by 1.24kg for every 100mg increase in dietary magnesium intake daily.
Table 4.17 shows the associations between the change in dietary magnesium from
baseline to week eight and biochemical variables at week eight, using regression models
adjusting for the biochemical variable at baseline and dietary magnesium at week eight. HDL
cholesterol was negatively associated with change in dietary magnesium in both diet groups
combined (p=0.021), with a 0.08mmol/L decrease in HDL for every 100mg increase in daily
dietary magnesium intake. Significant associations were observed in each diet group between
change in dietary magnesium and fasting insulin and HOMA-IR. These associations were
opposite between diet groups, therefore no association was seen in the diet groups combined.
In the high fibre group a negative association between change in dietary magnesium intake
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Table 4.12: Associations between dietary magnesium intake* and clinical measurements at baseline
Coefficient

95% Confidence
interval

P-value

Unadjusted regression

-0.80

-34.13, 32.53

0.962

Adjusted regression

9.03

-7.44, 25.50

0.278

Unadjusted regression

-2.65

-13.06, 7.77

0.615

Adjusted regression

-1.08

-11.69, 9.52

0.840

Unadjusted regression

-10.49

-30.65, 9.67

0.303

Adjusted regression

-0.66

-11.09, 9.77

0.900

Unadjusted regression

-10.45

-21.37, 0.47

0.061

Adjusted regression

-6.71

-15.10, 1.68

0.115

Unadjusted regression

7.47

-3.27, 18.21

0.170

Adjusted regression

11.07

1.36, 20.77

0.026

Unadjusted regression

-10.82

-22.09, 0.46

0.060

Adjusted regression

-5.66

-12.38, 1.06

0.098

Unadjusted regression

-16.61

-41.37, 8.14

0.185

Adjusted regression

-10.77

-27.63, 6.10

0.207

Unadjusted regression

-32.17

-63.34, -1.01

0.043

Adjusted regression

-37.86

-67.71, -8.01

0.014

Unadjusted regression

-7.96

-28.98, 13.07

0.454

Adjusted regression

-10.30

-31.03, 10.42

0.325

Statistical model †
Weight (kg)

BMI (kg/m2)

Fat mass (kg)

Body fat (%)
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Lean mass (kg)

Trunkal fat (kg)

Waist circumference (cm)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

*Dietary magnesium is measured in grams † Adjusted regression model is adjusted for age, body mass index and physical activity

Table 4.13: Associations between dietary magnesium intake* and biochemical measurements at baseline
Statistical model †

Coefficient

95% Confidence
interval

P-value
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Metabolic syndrome

Unadjusted regression
Adjusted regression

-0.46
-0.63

-1.28, 0.35
-1.44, 0.19

0.260
0.131

Total cholesterol (mmol/L)

Unadjusted regression
Adjusted regression

0.61
-0.25

-1.49, 2.72
-2.17, 1.67

0.563
0.796

LDL cholesterol (mmol/L)

Unadjusted regression
Adjusted regression

0.05
-0.58

-1.65, 1.76
-2.20, 1.04

0.950
0.478

HDL cholesterol (mmol/L)

Unadjusted regression
Adjusted regression

0.89
0.62

0.03, 1.75
-0.23, 1.47

0.044
0.150

Triglycerides (mmol/L)

Unadjusted regression
Adjusted regression

-0.02
-0.28

-1.48, 1.45
-1.70, 1.14

0.980
0.699

Glucose (mmol/L)*

Unadjusted regression
Adjusted regression

0.93
0.91

0.75, 1.15
0.75, 1.10

0.493
0.332

Fasting insulin (µU/ml)*

Unadjusted regression
Adjusted regression

0.18
0.25

0.06, 0.50
0.10, 0.62

0.001
0.003

HOMA-IR*

Unadjusted regression
Adjusted regression

0.19
0.26

0.07, 0.51
0.11, 0.63

0.001
0.003

McAuley-IS*

Unadjusted regression
Adjusted regression

1.68
1.61

1.06, 2.66
1.04, 2.50

0.029
0.034

hs-CRP (mg/L)*

Unadjusted regression
Adjusted regression

0.05
0.09

0.01, 0.52
0.01, 0.82

0.012
0.033

Plasma magnesium (mg/L)

Unadjusted regression
Adjusted regression

1.44
0.71

-1.87, 4.75
-2.59, 4.01

0.388
0.671

*Dietary magnesium is measured in grams † Adjusted regression model is adjusted for age, body mass index and physical activity

Table 4.14: Associations between plasma magnesium status and clinical measurements at baseline
Coefficient

95% Confidence
interval

P-value

Unadjusted regression

0.47

-1.76, 1.71

0.675

Adjusted regression

0.32

-0.83, 1.47

0.586

Unadjusted regression

0.20

-0.49, 0.90

0.560

Adjusted regression

0.41

-0.31, 1.14

0.260

Unadjusted regression

0.61

-0.74, 1.95

0.372

Adjusted regression

0.45

-0.25, 1.15

0.207

Unadjusted regression

0.32

-0.41, 1.06

0.387

Adjusted regression

0.21

-0.36, 0.78

0.462

Unadjusted regression

0.26

-0.46, 0.99

0.470

Adjusted regression

0.27

-0.41, 0.95

0.434

Unadjusted regression

0.10

-0.67, 0.87

0.797

Adjusted regression

-0.04

-0.50, 0.43

0.878

Unadjusted regression

0.67

-1.01, 2.36

0.429

Adjusted regression

0.17

-1.00, 1.34

0.772

Unadjusted regression

1.14

-0.98, 3.26

0.289

Adjusted regression

0.11

-2.02, 2.23

0.921

Unadjusted regression

-0.23

-1.63, 1.17

0.744

Adjusted regression

-0.76

-2.18, 0.66

0.291

Unadjusted regression

6.55

-8.47, 21.57

0.388

Adjusted regression

3.38

-12.40, 19.16

0.671

Statistical model*
Weight (kg)
BMI (kg/m2)
Fat mass (kg)
Body fat (%)
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Lean mass (kg)
Trunkal fat (kg)
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Dietary magnesium (mg/day)

* Adjusted regression model is adjusted for age, body mass index and physical activity

Table 4.15: Associations between plasma magnesium status and biochemical measurements at baseline
Coefficient

95% Confidence
interval

P-value

Unadjusted regression

-0.014

-0.070, 0.042

0.614

Adjusted regression

-0.039

-0.097, 0.019

0.183

Unadjusted regression

0.126

-0.014, 0.266

0.077

Adjusted regression

0.037

-0.096, 0.170

0.581

Unadjusted regression

0.103

-0.011, 0.217

0.075

Adjusted regression

0.039

-0.074, 0.152

0.492

Unadjusted regression

0.038

-0.021, 0.098

0.198

Adjusted regression

0.011

-0.049, 0.070

0.717

Unadjusted regression

0.052

-0.047, 0.152

0.298

Adjusted regression

0.001

-0.099, 0.101

0.982

Unadjusted regression

1.003

0.983, 1.024

0.747

Adjusted regression

0.996

0.976, 1.018

0.732

Unadjusted regression

0.987

0.916, 1.063

0.719

Adjusted regression

0.995

0.930, 1.063

0.869

Unadjusted regression

0.991

0.922, 1.064

0.792

Adjusted regression

0.996

0.934, 1.062

0.897

Unadjusted regression

0.996

0.964, 1.028

0.786

Adjusted regression

1.004

0.974, 1.036

0.780

Unadjusted regression

0.990

0.846, 1.159

0.902

Adjusted regression

0.997

0.854, 1.163

0.968

Statistical model †
Metabolic syndrome
Total cholesterol (mmol/L)
LDL cholesterol (mmol/L)
HDL cholesterol (mmol/L)
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Triglycerides (mmol/L)
Glucose (mmol/L)*
Fasting insulin (µU/ml)*
HOMA-IR*
McAuley IS*
hs C-reactive protein (mg/L)*

* Data has been log transformed and is presented as ratios.
† Adjusted regression model is adjusted for age, body mass index and physical activity

Table 4.16: Associations between change in dietary magnesium intake* and clinical
variables from baseline to week 8†
Coefficient

95% Confidence
interval

p-value

-12.43

-20.91, -3.95

0.005

High protein

1.86

-6.67, 10.39

0.659

Combined

-4.95

-11.20, 1.30

0.118

High fibre

-3.07

-6.44, 0.31

0.073

High protein

-0.29

-3.97, 3.39

0.874

Combined

-1.88

-4.32, 0.56

0.128

High fibre

-7.20

-16.99, 2.58

0.143

High protein

0.99

-6.65, 8.63

0.793

Combined

-3.05

-9.04, 2.95

0.314

High fibre

-3.02

-11.07, 5.04

0.450

High protein

-0.44

-6.64, 5.76

0.885

Combined

-1.49

-6.37, 3.38

0.542

High fibre

-2.37

-7.19, 2.44

0.322

High protein

-0.31

-4.73, 4.10

0.886

Combined

-1.05

-4.20, 2.10

0.509

High fibre

-5.81

-11.91, 0.29

0.061

High protein

-0.42

-6.17, 5.33

0.882

Combined

-2.96

-6.97, 1.0

0.146

High fibre

-10.24

-21.09, 0.61

0.064

High protein

6.88

-4.34, 18.10

0.220

Combined

-1.27

-8.98, 6.43

0.742

High fibre

10.95

-16.68, 38.57

0.425

High protein

2.70

-31.81, 37.22

0.874

Combined

9.77

-11.33, 30.87

0.358

High fibre

11.42

-10.83, 33.66

0.303

High protein

-9.48

-29.35, 10.39

0.337

Combined

2.55

-11.73, 16.82

0.723

High fibre

1.35

-2.41, 5.11

0.470

High protein

1.61

-3.65, 6.87

0.536

Combined

1.83

-1.15, 4.82

0.225

Group
High fibre
Weight (kg)

2

BMI (kg/m )

Fat mass (kg)

Body fat (%)

Lean mass (kg)

Trunkal fat (kg)

Waist circumference (cm)

Systolic blood pressure
(mmHg)

Diastolic blood pressure
(mmHg)

Energy intake (MJ/day)

* Dietary magnesium measured in grams per day
† Regression analyses are adjusted for dietary magnesium at week 8 and the clinical measurement of
interest at baseline
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and fasting insulin (p=0.043) and HOMA-IR (p=0.015) was seen, with reductions of 8% for
every 100mg increase in dietary magnesium per day. In the high protein group, 40 to 50%
increases in fasting insulin (p=0.045) and HOMA-IR (p=0.031) were seen for every 100mg
increase in dietary magnesium intake each day.
Figure 4.2 shows the association between change in dietary magnesium from baseline to
week eight and baseline dietary magnesium. As baseline dietary magnesium increases, the
change from baseline to week eight decreases (p<0.0001).
4.4.3.2

Associations with change in plasma magnesium

Tables 4.18 and 4.19 show the associations between the change in plasma magnesium from
baseline to week eight and clinical and biochemical variables at week eight using regression
models, adjusting for the variable of interest at baseline and plasma or dietary magnesium at
week eight. The combined model is also adjusted for diet group. In the high protein group,
weight decreased by 0.60kg for every 1mg/L increase in plasma magnesium from baseline to
week eight (p=0.013). No significant associations were seen between weight and change in
plasma magnesium in the high fibre group, nor in the two groups combined. A similar
association is seen between change plasma magnesium and trunkal fat. In the high protein diet
group, trunkal fat decreased by 0.35kg for every 1mg/L increase in plasma magnesium
(p=0.016). In both diet groups combined, triglycerides and fasting insulin at week eight were
significantly associated with change in plasma magnesium (p=0.018 and p=0.042
respectively). In both diet groups combined and the high protein diet group individually,
McAuley IS had a 3% increase for every 1mg/L increase in plasma magnesium (p=0.010 and
p=0.020 respectively).
Figure 4.3 shows the association between change in plasma magnesium from baseline
to week eight and baseline plasma magnesium. As baseline plasma magnesium increases, the
change from baseline to week eight decreases (-0.69, p<0.0001).
4.4.4

Reliability of repeated plasma magnesium measures

Figures 4.4 and 4.5 show Bland-Altman plots for repeated measures of plasma magnesium at
baseline and week eight respectively, with means and reference ranges marked. At baseline,
the mean difference between duplicate measures was -0.019, with a 95% reference range for
this difference of -4.05 to 3.39. At week eight, the mean difference was -0.095, with a 95%
reference range of -4.54 to 4.50. The intraclass correlation between duplicate plasma
magnesium measures at baseline was 0.42 (95%CI: 0.24, 0.60) and at week 8 the intraclass
correlation was 0.28 (95%CI: 0.07, 0.50).
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Table 4.17: Associations between change in dietary magnesium intake* and
biochemical variables from baseline to week 8†

Metabolic syndrome

Total cholesterol
(mmol/L)

LDL cholesterol
(mmol/L)

HDL cholesterol
(mmol/L)

Triglycerides (mmol/L)

Glucose (mmol/L)*

Fasting insulin (µU/ml)*

HOMA-IR*

McAuley IS*

hs-CRP (mg/L)*

Plasma magnesium
(mg/L)

Coefficient

95% Confidence
interval

p-value

High fibre

-0.26

-1.86, 1.35

0.745

High protein

0.81

-0.49, 2.10

0.212

Combined

0.24

-0.76, 1.24

0.634

High fibre

-0.10

-1.90, 1.71

0.913

High protein

-0.23

-1.97, 1.52

0.792

Combined

-0.27

-1.44, 0.91

0.650

High fibre

0.32

-1.26, 1.90

0.683

High protein

0.19

-1.23, 1.61

0.786

Combined

0.03

-0.94, 1.01

0.945

High fibre

-0.77

-1.80, 0.27

0.143

High protein

-0.96

-1.99, 0.08

0.068

Combined

-0.82

-1.51, -0.13

0.021

High fibre

0.34

-0.61, 1.28

0.475

High protein

0.08

-0.76, 0.93

0.843

Combined

0.16

-0.44, 0.76

0.595

High fibre

-0.21

-0.44, 0.02

0.072

High protein

1.15

0.92, 1.44

0.216

Combined

0.96

0.82, 1.13

0.651

High fibre

0.20

0.04, 0.95

0.043

High protein

4.57

1.04, 20.12

0.045

Combined

0.79

0.26, 2.39

0.677

High fibre

0.18

0.05, 0.70

0.015

High protein

4.94

1.17, 20.92

0.031

Combined

0.77

0.27, 2.20

0.620

High fibre

1.44

0.87, 2.38

0.145

High protein

0.64

0.37, 1.10

0.100

Combined

1.02

0.71, 1.47

0.909

High fibre

2.59

0.17, 37.76

0.474

High protein

0.73

0.02, 27.81

0.862

Combined

1.66

0.20, 13.64

0.630

High fibre

1.97

-2.16, 6.10

0.338

High protein

-2.37

-8.31, 3.57

0.422

Combined

-0.29

-3.77, 3.29

0.867

* Dietary magnesium measured in grams per day
† Regression analyses are adjusted for dietary magnesium at week 8 and the clinical measurement of
interest at baseline
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Table 4.18: Associations between change in plasma magnesium status and clinical
variables from baseline to week 8†
Group
Weight (kg)

2

BMI (kg/m )

Fat mass (kg)

Body fat (%)

Lean mass (kg)

Trunkal fat (kg)

Waist circumference
(cm)

Systolic blood
pressure (mmHg)

Diastolic blood
pressure (mmHg)

Energy intake
(kJ/day)

Dietary magnesium
(mg/day)

Coefficient

95% CI

p-value

High fibre

0.13

-0.69, 0.95

0.749

High protein

-0.60

-1.07, -0.14

0.013

Combined

-0.33

-0.76, 0.10

0.134

High fibre

-0.02

-0.331, 0.285

0.880

High protein

-0.19

-0.392, 0.003

0.053

Combined

-0.14

-0.308, 0.035

0.116

High fibre

0.22

-0.60, 1.05

0.584

High protein

-0.18

-0.63, 0.28

0.432

Combined

-0.07

-0.50, 0.35

0.728

High fibre

0.15

-0.50, 0.80

0.638

High protein

-0.10

-0.45, 0.24

0.539

Combined

-0.05

-0.38, 0.28

0.775

High fibre

0.08

-0.34, 0.50

0.693

High protein

-0.15

-0.43, 0.13

0.279

Combined

-0.06

-0.29, 0.17

0.615

High fibre

-0.06

-0.58, 0.46

0.817

High protein

-0.35

-0.62, -0.07

0.016

Combined

-0.21

-0.48, 0.05

0.116

High fibre

0.75

-0.19, 1.69

0.113

High protein

-0.50

-1.13, 0.13

0.115

Combined

-0.03

-0.56, 0.50

0.905

High fibre

-0.27

-2.56, 2.02

0.814

High protein

0.84

-1.13, 2.82

0.390

Combined

0.53

-0.85, 1.91

0.447

High fibre

-0.48

-2.24, 1.29

0.588

High protein

-0.04

-1.23, 1.15

0.949

Combined

-0.26

-1.22, 0.71

0.594

High fibre

60.10

-227.42, 347.61

0.673

High protein

-27.14

-348.85, 294.57

0.864

Combined

-0.44

-201.05, 200.16

0.996

High fibre

-5.86

-28.94, 17.21

0.608

High protein

-0.88

-22.22, 20.35

0.933

Combined

-5.47

-20.04, 9.10

0.456

* Regression analyses are adjusted for plasma magnesium at week 8 and the clinical measurement of interest
at baseline and in the combined analyses, diet group.
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Table 4.19: Associations between change in plasma magnesium status and clinical
variables from baseline to week 8†
Coefficient

95%
Confidence
interval

p-value

High fibre

-0.25

-0.91, 040

0.445

High protein

0.01

-0.71, 0.73

0.978

Combined

-0.05

-0.51, 0.41

0.833

High fibre

-0.08

-0.22, 0.05

0.217

High protein

-0.02

-0.13, 0.08

0.668

Combined

-0.03

-0.11, 0.05

0.429

High fibre

-0.06

-0.17, 0.05

0.290

High protein

0.01

-0.08, 0.10

0.824

Combined

-0.01

-0.07, 0.06

0.834

High fibre

0.02

-0.06, 0.10

0.608

High protein

-0.02

-0.08, 0.04

0.472

Combined

-0.00

-0.05, 0.04

0.905

High fibre

-0.04

-0.11, 0.03

0.228

High protein

-0.04

-0.09, 0.01

0.084

Combined

-0.05

-0.08, 0.01

0.018

High fibre

1.00

0.98, 1.02

0.950

High protein

1.00

0.99, 1.01

0.876

Combined

1.00

0.99, 1.01

0.885

High fibre

0.94

0.84, 1.06

0.306

High protein

0.93

0.85, 1.00

0.063

Combined

0.93

0.88, 1.00

0.042

High fibre

0.95

0.85, 1.06

0.311

High protein

0.93

0.86, 1.01

0.088

Combined

0.94

0.89, 1.00

0.070

High fibre

1.02

0.98, 1.06

0.274

High protein

1.03

1.01, 1.06

0.020

Combined

1.03

1.01, 1.05

0.010

High fibre

1.13

0.92, 1.38

0.238

High protein

1.08

0.90, 1.30

0.369

Combined

1.08

0.95, 1.23

0.234

Group

Metabolic syndrome

Total cholesterol (mmol/L)

LDL cholesterol (mmol/L)

HDL cholesterol (mmol/L)

Triglycerides (mmol/L)

Glucose (mmol/L)*

Fasting insulin (µU/ml)*

HOMA-IR*

McAuley IS*

hs C-reactive protein (mg/L)*

† Regression analyses are adjusted for serum magnesium at week 8 and the biochemical measurement of
interest at baseline
* Data has been log transformed and is shown as ratios
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Figure 4.2: Relationship between dietary magnesium at baseline and change in
dietary magnesium from baseline to week 8
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Figure 4.3: Relationship between plasma magnesium at baseline and change in
plasma magnesium from baseline to week 8

Change from baseline to week 8 (mg/L)

5
4
3
2
1
0
-1
-2
-3
-4
-5
15

17

19

21
23
25
Plasma magnesium at baseline (mg/L)

52

27

29

Figure 4.4: Bland-Altman plot of the difference between repeated plasma magnesium
measurements at baseline
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Figure 4.5: Bland-Altman plot of the difference between repeated plasma magnesium
measurements at week 8
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5.0

DISCUSSION

5.1

Main findings

Participants were aged between 18 and 61 years and had an average BMI of 34kg/m2. The
results showed that energy intake reduced significantly in both diet groups and participants
lost an average of 3.7kg. BMI, fat mass, body fat percentage and diastolic blood pressure
reduced significantly more in the high protein diet group than in the high fibre diet group.
Dietary magnesium intake and plasma magnesium status did not significantly change over the
course of the intervention in either diet group, and were not associated at either baseline or
week eight. At baseline, plasma magnesium was not associated with any cardiovascular risk
factors, but dietary magnesium intake was associated with systolic blood pressure, fasting
insulin, HOMA-IR, McAuley IS and hs-CRP. An increase in plasma magnesium from
baseline to week eight was associated with a decrease in triglycerides, fasting insulin and an
increase in McAuley IS in both diet groups combined. In the high protein diet group,
increases in plasma magnesium corresponded with a decrease in weight, BMI and trunkal fat
and an increase in McAuley IS. An increase in dietary magnesium was associated with a
decrease in weight, fasting insulin and HOMA-IR in the high fibre group. Only the results of
the study regarding the associations between dietary and plasma magnesium and
cardiovascular risk will be discussed.

5.2

Association between plasma magnesium and magnesium intake

No association was observed between plasma magnesium and dietary magnesium at baseline
or week eight. However, this association was significant in the high fibre group at week eight.
Contradictory results have been shown in previous studies, with both positive cross sectional
associations and no association observed between serum magnesium and dietary magnesium
intake (21, 29, 37, 195). The differences may have occurred due to the varied populations in
which the studies occurred. The populations in which no association was observed were
similar to that of the current study, and consequently the lack of association is unsurprising. It
is unknown why an association was observed in the fibre group at week eight. However, it has
been shown that magnesium balance increases in high protein diets and decreases with high
intakes of dietary fibre (72, 196, 197). Because fibre and magnesium are found in many of the
same food products, the inhibitory effect of fibre may have been more consistent than the
effect of protein on magnesium balance, leading to a significant association at week eight in
the high fibre diet group only.
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5.3

Dietary magnesium intake

Dietary magnesium intake was determined by the use of a weighed, three-day diet record.
While a weighed diet record is the most precise method available for estimating usual food
and nutrient intake of individuals, most literature addressing the associations between dietary
magnesium and cardiovascular risk factors have used food frequency questionnaires which
makes comparisons difficult (72). After the development of mock diet plans, it was predicted
that dietary magnesium would increase to approximately 450mg/day in the high fibre diet
group, and decrease to 280mg/day in the high protein diet group. This change has been
documented in previous high carbohydrate, high fibre diets but is not regularly reported in
high protein diets (198, 199). Contrary to expected results, dietary magnesium intake did not
increase in the high fibre diet group, nor decrease in the high protein diet group. There may be
several reasons for this. While carbohydrate intake was restricted in the high protein diet
group, the selection of wholegrains for this allowance may have led to a higher than expected
magnesium intake. The lower than expected intake of magnesium in the high fibre diet group
may have been due to a lack of compliance, and choosing fibre-fortified carbohydrate
products instead of wholegrains for the daily carbohydrate allowance. Additionally, certain
food specific to the high fibre diet group may have lacked accurate magnesium values, due to
the manual addition of these foods to the database. Therefore differences in the accuracy of
dietary magnesium estimates between diet groups may have occurred.
While no changes in average magnesium intakes occurred, a reduction in the range of
magnesium intakes at week eight was observed. At baseline, only 49% of participants met the
RDI for magnesium, and at week eight, 76% met the RDI. In addition, an increase in the
magnesium density in the diet of both groups was observed. In the high protein group,
magnesium density of the diet significantly increased from 39.9mg/MJ at baseline to
51.3mg/MJ at week eight (p=0.0003), and in the high fibre group, increased from 40.8mg/MJ
to 56.8mg/MJ (p<0.0001). It was expected that these increases were due to an increase in
dietary quality in both diet groups. In an energy-restricted diet, these achievements were
noteworthy in the absence of an increase in absolute magnesium intake.
5.3.1

Cross sectional associations with dietary magnesium intake

As expected, dietary magnesium intake was positively associated with energy intake at
baseline, and at week eight. While this association is not regularly reported in the literature it
facilitates the illustration of the difficulties incurred in attempting to increase magnesium
intake during a weight loss study. At baseline, magnesium intake was significantly associated
with a change in magnesium intake from baseline to week eight. Regression towards the mean
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occurred with participants with the highest baseline values showing the greatest decrease in
magnesium intake, and those with the lowest baseline values showed the largest increases.
No association was observed between dietary magnesium intake and prevalence of the
metabolic syndrome. Previous literature examining this cross sectional association has been
convincing with four studies suggesting an association, and only one study that found no
association (11, 17, 18, 30, 36). The study in which no association was found had 1,435
participants randomly selected from Victoria, Australia and trended toward significance for an
association between hypomagnesaemia and the metabolic syndrome (p=0.08) (18). It is
thought that the present study was powered insufficiently and had too few cases of the
metabolic syndrome to detect an association between dietary magnesium and the metabolic
syndrome.
No associations were seen between magnesium intake and weight, waist circumference
or BMI. A negative association between magnesium intake and BMI is regularly seen in large
cross sectional studies, although almost as often no associations are seen (3, 4, 11, 14, 17, 23,
29, 30, 33, 182). Associations and lack thereof have been found between dietary magnesium
and waist circumference (3, 17, 30). It is unsurprising that associations were not seen in the
present study due to the small sample size and the inconsistencies in the literature. A positive
association was seen between lean mass and dietary magnesium intake in a regression model
adjusted for age, body mass index and physical activity. This association was not attenuated
when the model was additionally adjusted for fibre and protein intakes. No previous studies
have examined the association between dietary magnesium intake and lean body mass, fat
mass, body fat percentage or trunkal fat and due to the expensive methods used to accurately
determine lean mass and the large sample size of most studies in this area, this is unsurprising.
However, given the result of a significant association between lean body mass and dietary
magnesium intake in our relatively small sample, this is an area that future research should
consider.
Clinically significant associations between systolic blood pressure and dietary
magnesium intake were observed in both adjusted and unadjusted regression models. This
was expected due to similar results being found in previous cross sectional studies, and a
reported positive effect of magnesium supplementation on systolic blood pressure (4, 6, 17,
183, 200). No association was seen between dietary magnesium and diastolic blood pressure.
This association is seen regularly in the literature, but no association is also observed
regularly (6, 17, 37, 182, 200-203). The reasonable size of the negative association between
diastolic blood pressure and dietary magnesium intake in the present study suggests that there
may have been too few participants to detect a statistically significant association.
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An association between HDL cholesterol and dietary magnesium intake was attenuated
after adjustment for confounders, and no other association between dietary magnesium and
lipids were significant in an adjusted or unadjusted regression model. Previous research has
generally found a positive association between dietary magnesium and HDL although no
association has also been found in a study with much fewer participants (3, 6, 17, 18, 30, 31,
36). Negative associations have been found between dietary magnesium intake, total
cholesterol and triglycerides and no association has also been found between dietary
magnesium and total cholesterol, triglycerides and LDL cholesterol (3, 4, 6, 18, 30). Given
these mixed results in large cross sectional studies, the results found in the present study were
hardly extraordinary.
As expected, negative associations between dietary magnesium, fasting insulin,
HOMA-IR were found, and a previously unresearched positive association was seen between
dietary magnesium and McAuley IS. Previous research has strongly suggested a cross
sectional association with fasting plasma insulin as well as HOMA-IR (3, 6, 14, 17, 23, 29,
33). No association was found between fasting plasma glucose and dietary magnesium, a
result that has been found regularly in the literature, although one study has found an
association and a significant decrease in fasting plasma glucose has been found in a
supplementation study (6, 11, 14, 27, 56).
The association seen between dietary magnesium and hs-CRP has not been widely
researched but it is thought that CRP may have a key role in potentiating inflammatory
processes (204). Previous negative associations have been found in three large cross sectional
studies (27, 36, 185). Given that these studies had much larger sample sizes than the current
study, this result certainly gives strength to the small body of evidence suggesting an
association between CRP and dietary magnesium intake.
5.3.2

Longitudinal associations with dietary magnesium intake

Change in dietary magnesium from baseline to week eight was not associated with changes in
the prevalence of the metabolic syndrome. In the only prospective addressing this association
to date, He and colleagues found a positive association between dietary magnesium intake and
prevalence of the metabolic syndrome, in a 15-year follow up (3). These studies were very
different in design with the present study attempting to reduce the prevalence of the metabolic
syndrome by means of a dietary intervention, and the prospective study by He and colleagues
following the natural progression of the metabolic syndrome over time. Because the
prevalence of the metabolic syndrome at baseline was only 18%, and there was only an eightweek follow-up, it is likely that this amount of time was insufficient to see a change in the
prevalence of the metabolic syndrome.
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Change in dietary magnesium from baseline to week eight was associated with weight
change, but not BMI or other measure of body composition in the high fibre group. No
associations were seen with anthropometric variables in the high protein group. Cross
sectional associations between dietary magnesium and BMI are seen regularly although
several studies have found no association (3, 4, 11, 14, 17, 23, 29, 30, 33, 182). He and
colleagues found an association between waist circumference and magnesium intake in their
15 year follow up study thus it follows that dietary magnesium intake could be associated
with weight and weight change (3). For the expected approximate 120mg increase in
magnesium intake per day in the high fibre group, a weight loss of 1.5kg would have been
expected. The association between dietary magnesium and waist circumference also trended
toward significance in the high fibre group (p=0.064). This association may have only been
observed in the high fibre group because magnesium intake was marker for adherence to the
diet in this group, as magnesium is mainly found in high fibre foods. At week eight,
magnesium was significantly associated with dietary fibre intake, which supports this
conjecture.
Associations between blood pressure and dietary magnesium intake are regularly
observed in cross sectional studies as well as prospective studies, although these associations
are not detected in all studies (3, 4, 6, 17, 37, 182, 200, 201, 205). In a meta-analysis of
randomised controlled trials of magnesium supplementation, no significant reductions in
blood pressure were seen in the pooled net estimates of twenty studies, although a dose
dependent effect was found (183). In the present study, no association was seen between
change in dietary magnesium and either systolic or diastolic blood pressure. As a dose
dependent response has been observed previously, it is suggested that the increases in
magnesium intake were too small to have an effect on blood pressure (183).
No associations were found between change in dietary magnesium and total cholesterol,
LDL, HDL, or triglycerides. Previous research has found a positive cross sectional association
between dietary magnesium and HDL and a negative association between dietary magnesium
intake, total cholesterol and triglycerides (3, 4, 6, 30, 31, 36). A significant longitudinal
association has also been found between dietary magnesium intake, hypertriglyceridaemia
(≥1.7mmol/L) and low HDL cholesterol (<1.30mmol/L) in a fifteen year follow up study (3).
The reported associations between dietary magnesium intake and lipids, are inconsistent and
it is therefore unsurprising that in a study with comparably few participants, that no
associations were seen.
An association was seen between change in magnesium intake and change in fasting
insulin and HOMA-IR in both the high fibre and high protein groups, but due to the opposite
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directions of these associations, no association was seen in both groups combined. Previous
cross sectional research has strongly suggested a negative cross sectional association between
magnesium intake and fasting plasma insulin as well as HOMA-IR, but there have been no
longitudinal associations of this nature published (3, 6, 14, 17, 23, 29, 33). The high fibre
group showed that as dietary magnesium increased, fasting insulin concentration and HOMAIR decreased. This association was unexpectedly opposite in the high protein group. On
further investigation, it was noted that there were three outliers in the high protein group,
whose fasting insulin increased by 37.1, 13.8 and 12.3µU/ml respectively over the eight-week
intervention. After removing these outliers from the analyses, the relationship between change
in fasting insulin and change in dietary magnesium in the high protein group was nonsignificant with a coefficient of 1.00 (95%CI 0.99-1.00). This omission also leads to the
association between HOMA-IR and change in dietary magnesium to become non-significant
in the high protein group. No association was found between fasting plasma glucose and
dietary magnesium, a result that has been found regularly in previous cross sectional studies
(6, 14, 27). However, a significant longitudinal association between high fasting glucose
(≥6.1mmol/L) and dietary magnesium has been shown (3). The lack of association may be
due to only a small non-significant change in fasting glucose occurring in each diet group
over the course of the study.
No association between change in dietary magnesium intake and hs-CRP in either diet
group was observed over the course of the study. Previous negative associations have been
observed in cross sectional studies but no prospective data has been published (27, 36, 185).
Given the small body of evidence, and lack of longitudinal data, it is unknown whether
methodological inaccuracies prevented an association from being seen, or if in fact none
exists. More research is needed to determine whether increasing magnesium intake can
decrease CRP concentration.

5.4

Plasma magnesium status

Significant changes in plasma magnesium status failed to occur, and it is expected that this
may have been due to only one participant being magnesium deficient (plasma magnesium
<18.0mg/L) (9, 13) at baseline. However, a significant association between magnesium status
at baseline and change in plasma magnesium (p<0.0001) was observed, with regression
toward the mean occurring. Although it is known that serum magnesium concentrations
decrease rapidly in magnesium deficiency, the half-life is unknown (206-208). Therefore,
while serum magnesium is the most appropriate tissue to measure acute changes in
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magnesium status, the lack of change in plasma magnesium from baseline to week eight may
have been due to an insufficient time period to see a change in plasma magnesium with small
dietary changes in magnesium. The observed results may also be due to error in the analysis
of plasma magnesium concentration. This suggestion is supported by the relatively poor
correlation between repeated plasma magnesium measures (intraclass correlation of 0.42 at
baseline and 0.28 at week eight) as well as poor precision of control plasma samples. This
indicates that the error of the test may be larger then the normal range of the index. It is
thought that this error may be due to a combination of factors. Known factors affecting
plasma magnesium concentrations such as age and diurnal variation were able to be
standardised in the methodology or adjusted for in the analyses, however the satisfactory
control of further factors such as haemolysis, methodological inaccuracies, machine drift and
contamination was unable to be achieved (72).
The concentration of magnesium in red blood cells is three times greater than the
concentration in plasma, therefore, if haemolysis occurs before the separation of blood
fractions, the concentration of magnesium in plasma will be overestimated (72, 209, 210).
Care was taken to avoid haemolysing blood cells by avoiding prolonged tourniquet use in the
drawing of blood, gently mixing the blood once it had been taken, and centrifuging the blood
as soon as possible after drawing (211). Regardless of the precautions taken, haemolysis
occurred in numerous blood samples, which may be attributed to various aspects of
collection. Vacutainers were used for blood collection, and they have been shown to lead to a
higher prevalence of haemolysis than a syringe (212, 213). Venipuncture sites were cleansed
with alcohol, and while care was taken to allow it to dry before drawing blood, not allowing
the site to dry properly may have caused haemolysis (212).
Contamination is a major problem in the collection, storage, preparation and analysis of
trace elements in blood because trace elements are present in low concentrations in the blood
but are ever-present in the environment (72, 214). The most likely contributor to the
discordance between controls, and a cause of a poor intraclass correlation between duplicate
measures is likely to be due to contamination from the laboratory, laboratory personnel,
airborne particulate matter and equipment. While contamination can not be prevented, it can
be controlled, however because the study was designed to examine cardiovascular risk factor
biomarkers, not trace elements, appropriate precautions were not carried out in the processes
of blood collection and analysis (214). Diuretics and antibiotics may decrease plasma
magnesium levels and magnesium rich drugs such as antacids and cathartics can result in
elevated plasma magnesium (72). Information was collected about chronic drug use, although
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data on acute drug use was not reported and therefore unable to be adjusted for in the
analyses, which may have affected the precision of serum magnesium results.
Methodological inaccuracies may have occurred at multiple stages in the analysis of
plasma magnesium. Pipetting error and inaccuracies in filling volumetric flasks are the most
likely source of inaccuracy. Machine drift in the spectrophotometer is also possible, and may
have contributed to discrepancies between controls. All of these aspects of plasma magnesium
measurement had the ability to affect the outcome to a significant extent, and thus may be a
cause of a lack of observed changes were seen in plasma magnesium status over the eightweek intervention.
5.4.1

Cross sectional associations with plasma magnesium status

No associations were observed between plasma magnesium and any components of the
metabolic syndrome or cardiovascular risk factors at baseline, using both simple linear
regression and multivariate models. No association between magnesium status and the
metabolic syndrome was found. Three previous studies have shown a negative association
between the metabolic syndrome and serum magnesium and one study has shown no
association (9, 24, 28). Literature is scarce in this area of research, which leads to a difficulty
in determining whether there is in fact an association between magnesium status and the
metabolic syndrome. The negative regression coefficients combined with the low prevalence
of the metabolic syndrome in the present study suggests that no association was observed due
to a lack of power to detect an association.
Associations between serum magnesium concentration and BMI have been found in
numerous studies, although a lack of association has also been observed (5, 18, 21, 27, 29, 34,
37). Waist circumference has been negatively associated with serum ionised magnesium and
not associated with serum magnesium (5, 12). One study has examined the associations
between magnesium status and anthropometric variables measured by DEXA, of which only
the association between serum magnesium and percentage body fat was significant in women
(5). The lack of studies that use fat mass, lean mass, trunkal fat and waist circumference as
measures of body composition to determine the associations with magnesium status, make
comparisons between results of the present study and existing literature difficult. The
conflicting results are thought to be due to differences in the tissue in which magnesium was
measured, variation in measures of body composition as well as the differences in study
population. It is thought that the lack of association in the present study may be due to errors
in plasma magnesium analysis as already mentioned, and the smaller sample size compared
with many of the studies examined in the literature. A study with a similar population and

60

sample size to the present study found no association between plasma magnesium and BMI
(34).
The observed lack of association between systolic blood pressure and plasma
magnesium was unexpected due to the literature strongly suggesting a cross sectional
association, as well as an association with serum ionised magnesium (6, 12, 24). While most
studies that found this association had larger numbers than those of the present study, the
association is widely observed and randomised controlled trials of magnesium
supplementation have been shown to be effective in reducing systolic blood pressure (183).
The relationship between serum magnesium and diastolic blood pressure is much more
variable with associations seen in several studies but not in others (6, 24, 200, 215). These
studies all had large participant numbers so it is likely that the lack of association between
plasma magnesium and blood pressure seen in the present study was due a small sample size
as well as limitations in plasma magnesium measurement.
No associations were seen between plasma magnesium and total cholesterol, LDL
cholesterol, HDL cholesterol or triglycerides, with large p-values and very small coefficients
of regression. Previous examination of these associations has had inconsistent results. A
positive association as well as a negative association has been observed between serum
magnesium and total cholesterol (5, 24). Additionally, positive associations between serum
magnesium and LDL cholesterol and HDL cholesterol and negative associations between
serum magnesium and triglycerides have been previously observed (3, 5, 6, 24). Given these
inconsistencies, it is unknown whether actual associations exist between magnesium status
and lipid profile, and if in fact they do exist, the direction of the association. It is therefore
unsurprising that no associations were observed in the present study.
No associations between plasma magnesium and fasting glucose, fasting insulin,
HOMA-IR or McAuley IS were observed. In the literature, negative associations between
serum magnesium and fasting glucose, fasting insulin and HOMA-IR are seen regularly (5, 6,
21, 56). Lack of associations between serum magnesium and these variables are rarely seen,
and it is thought that this may be due to the small numbers of participants and therefore a lack
of power to detect a difference (29). The association between magnesium status and the
McAuley index has not been previously examined. The regularity in which associations
between indices of insulin resistance are observed and the promising results of randomised
controlled trials (7, 55-57) suggesting there may be a path of causality between magnesium
status and insulin resistance. It is therefore surprising that no associations were observed in
the present study. It is suggested that this was primarily due to the small sample size as well
as limitations in the accuracy of plasma magnesium measurement.
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No association was observed between plasma magnesium and hs-CRP at baseline. This
association has been minimally published in the literature, although an association is
suggested by the results of these studies (9, 27, 216). A previous study population was
children aged 10 to 13 years however studies have also examined this association in
populations similar to that in the present study. Given that magnesium acts as a calcium
antagonist and systolic calcium elevation is necessary for the activation of several processes
in the inflammatory response, there is biological plausibility to suggest that magnesium has a
role in inflammation (204). The lack of association observed in the present study may be due
to flaws in the analysis of plasma magnesium as opposed to a small sample size, given that
the regression coefficient for the adjusted model was 1.00.
5.4.2

Longitudinal associations with plasma magnesium

Change in plasma magnesium from baseline to week eight was not associated with change in
prevalence of the metabolic syndrome. The longitudinal relationship between magnesium
status and the metabolic syndrome has not been previously addressed, although several cross
sectional studies have found an association (9, 24, 28). It is suggested that an association was
not found in the present study due to a low proportion of participants possessing the metabolic
syndrome at baseline, as well as methodological flaws in plasma magnesium analysis.
Change in plasma magnesium from baseline to week eight was associated with change
in weight, BMI and trunkal fat in the high protein group only. While no longitudinal data of
this nature has been previously published, cross sectional associations between BMI and
serum magnesium have been observed (21, 27, 29, 37). No associations between magnesium
status and trunkal fat or weight change have been previously published. It has been
hypothesised that magnesium may be involved in weight regulation by forming soaps with
fatty acids in the intestine thus reducing the digestible energy content of the diet (217). It is
unknown why an association was observed in the high protein group and not the high fibre
group, but it is suggested that it could be due to the greater change in weight, BMI and trunkal
fat in the high protein diet group compared with the high fibre diet group.
Neither systolic nor diastolic blood pressure was associated with change in serum
magnesium from baseline to week eight. The literature suggests a cross sectional association
between magnesium status, systolic blood pressure and diastolic blood pressure, and a metaanalysis of randomised controlled trials has also shown a dose-dependent effect of magnesium
supplementation on blood pressure (6, 12, 24, 183, 200, 215). There are many plausible
biological mechanisms by which increased magnesium status may decrease blood pressure.
Of these, one of the most simple is the increase of magnesium ions in smooth muscle cells,
which elicits a reciprocal decrease in calcium ions. This in turn diminishes smooth muscle
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contraction, vessel tone and therefore, blood pressure. It is thought that no association was
seen in the present study because of the methodological flaws involved in plasma magnesium
concentration determination, which is thought to have led to no changes in magnesium status
being observed.
In both diet groups combined, change in triglyceride concentration was significantly
associated with change in plasma magnesium. No associations were seen between plasma
magnesium and total cholesterol, LDL cholesterol or HDL cholesterol. Previous literature has
reported significant cross sectional associations between magnesium status and each of these
lipids, although results have been conflicting (3, 5, 6, 24). Reduced serum magnesium levels
have been associated with an increased risk for coronary heart disease and furthermore,
increased magnesium status has been shown to reduce serum triglycerides, LDL cholesterol,
total cholesterol and increase HDL cholesterol in patients with ischemic heart disease (4, 218,
219). It has been suggested that these improvements may be due to the increased hydrolysis of
lipids by lipoprotein lipase, but the details of how magnesium affects this enzyme is unknown
(220). It is unknown why no associations were observed between plasma magnesium status
and LDL, HDL and total cholesterol. It is unsurprising to see a significant association
between change in plasma magnesium and triglycerides in the combined diet groups
compared with individual diet groups due to the increased power resulting from a larger
sample size. However, it is likely that the methodological flaws of plasma magnesium
measurement created large variation in the data, and as such no significant associations were
observed in the individual diet groups.
An increase in plasma magnesium from baseline to week eight was associated with an
increase in McAuley IS in the high protein group, as well as in both diet groups combined.
There was a trend toward association for HOMA-IR and fasting insulin concentration in the
high protein group and both diet groups combined, but no association was observed between
plasma magnesium and fasting glucose concentration. Cross sectional associations are
regularly found between serum magnesium, fasting plasma insulin and HOMA-IR although
McAuley IS has not been examined in this context (3, 6, 14, 17, 23, 29, 33). Supplementation
trials have shown promising results, with increases in serum magnesium and concurrent
decreases in HOMA-IR and fasting glucose concentrations (7, 55-57). The mechanisms
behind these associations are unknown, but it is thought that hyperinsulinaemia may cause
hypermagnesuria, leading to a reduction in magnesium ions and an increase in intracellular
calcium ions, which may diminish insulin sensitivity (221, 222). Not all of the expected
results were statistically significant, but it is speculated that the lack of observed significance
was due to small participant numbers. It is unknown why these associations were only
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significant in the high protein diet group, but it is suggested that it could be due to the greater
reductions in fasting insulin, HOMA-IR and increase in McAuley IS over the course of the
study in the high protein diet group compared with the high fibre diet group.
No association was found between change in plasma magnesium and hs-CRP from
baseline to week eight. An association is suggested by the small amount of literature available
(9, 27, 216) as well as the numerous biological mechanisms that suggest a relationship is
plausible. It is suggested that an association was not seen in the present study due to the
combination of large within-person variation of hs-CRP, the imperfect plasma magnesium
determination methodology and the small sample size (223).

5.5

Participants and attrition rates

The participants in this study were overweight and obese women of predominantly New
Zealand European ethnicity, who were at risk of cardiovascular disease and type II diabetes.
Because of prior screening, participants were particularly motivated and committed to losing
weight, and had flexible enough lifestyles to commit to following the program and making
multiple visits to the study centre over the period of the study. However, given the selfdeclarations of motivation and commitment, there was a substantial proportion of participants
who lacked the apparent commitment and motivation to succeed with weight loss goals. The
observed attrition rates of 10% in the high fibre diet group and 12% in the high protein group
were slightly lower than comparable studies (224-227).

5.6

Study design

Secondary data analysis occurred to examine the changes in dietary and plasma magnesium
and the associated variations in cardiovascular risk factors and incidence of the metabolic
syndrome. However, using this already established study design to examine changes in
magnesium status and intake has many limitations. Due to the previous observation that it
takes three months to normalise a 20% depletion in magnesium stores, the length of the study
may have been insufficient time to see a change in plasma magnesium in absence of a
deficiency and with only small dietary changes in magnesium (206-208).
Magnesium absorption and excretion can be affected by a number of variables including
sodium, calcium, phytate, phosphate, caffeine, alcohol and energy content of the diet, as well
as psychological stress (72, 228). In addition, urinary excretion of magnesium is reduced, and
magnesium balance is increased in high protein diets compared with low protein diets (72,
229, 230). It has also been reported that high intakes of dietary fibre decrease magnesium
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absorption and retention (72, 196, 197). It was expected that magnesium balance would be
superior in the high protein diet group compared with the high fibre group. This variation in
the biological utilisation of dietary magnesium means that using such intervention diets to
examine associations between cardiovascular risk factors and dietary magnesium may have
been inappropriate. However, given the number of variables affecting magnesium balance, it
is noteworthy that significant associations with change in plasma magnesium were observed.
The NaEDTA in the vacutainer tube used to collect blood is a chelating agent and forms
coordination compounds with most divalent and trivalent metal ions, including magnesium
(Mg2+). A tendency to form insoluble protein precipitates during freezing has also been
reported. For these reasons it is recommended that EDTA vacutainers are not used for
magnesium analysis, although the size of the effect on results of the present study is unknown
(48). Serum is usually preferred for magnesium analysis as it is the most easily measured, and
because unlike plasma, risk of adventitious contamination from anticoagulents is avoided
(72). It is the most widely reported measure of magnesium status. In the present study, plasma
was used because it was collected for primary data analyses. It has been shown that plasma
and serum magnesium measures are analogous, although these comparisons have used
heparinised plasma so it is difficult to determine the applicability to the present study (231233).
The primary aim of the study involved the examination of macronutrient intake, and
thus, water intake was not recorded. Evidence suggests that waterborne magnesium may be
absorbed 30% better than dietary magnesium, meaning it may contribute substantially to
overall intake (234). Thus, the magnesium intake in all participants may have been
underestimated. Multivariate regression models were adjusted for the minimum possible
covariates due to the small sample size. Addition of further variables to the models would
have increased the size of the confidence intervals and therefore the p-values, and therefore
there is a possibility that type II error may have occurred. Multiple comparisons were also
performed without adjustment, and therefore type I error is also a possibility.
There were limitations in using such a study design to determine associations between
magnesium intake and status and cardiovascular risk. However, strengths included the use of
three-day diet records to determine magnesium intake and robust statistical methods to test for
associations by using continuous data as descriptors. This is one of the few studies that have
examined the longitudinal associations between magnesium intake and status on components
of the metabolic syndrome and cardiovascular risk factors. It is also rare for dietary
magnesium to be manipulated by dietary intervention, with all known interventions to date
being supplement-orientated.
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5.7

Summary

Associations between changes in both dietary and plasma magnesium were seen with
cardiovascular risk factors and individual components of the metabolic syndrome at week
eight, and several cross sectional associations were also seen at baseline. Change in dietary
magnesium tended to be associated with variables in the high fibre group yet change in
plasma magnesium tended to be associated with variables in the high protein group. It is
thought that these inconsistencies were due to magnesium being a marker of dietary
adherence in the high fibre diet group, and larger changes in individual variables being
observed in the high protein group, as well as differences in magnesium absorption and
retention in high protein and high fibre diets. There is biological plausibility for the
association of each component of the metabolic syndrome to be associated with magnesium
intake. However, prospective data has not been previously reported for a change in
magnesium status or dietary intake by means of dietary intervention, with associated changes
in cardiovascular risk factors or individual components of the metabolic syndrome. Therefore
no entirely adequate comparisons to existing literature can be made. Given the between group
differences in dietary magnesium determination, the methodological limitations in plasma
magnesium measurement and the small sample size, it is noteworthy that significant
association were observed between dietary magnesium intake and magnesium status and
cardiovascular risk factors and components of the metabolic syndrome.
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6.0

CONCLUSION

The results of the present study suggest that while weight loss is important for the treatment
and prevention of the metabolic syndrome, increased dietary magnesium intake may work
synergistically with weight loss to improve cardiovascular risk. This study is the first to our
knowledge that investigated associations between modifications in magnesium intake and
status resulting from dietary manipulation, and corresponding changes in cardiovascular risk
factors and individual components of the metabolic syndrome. The combination of the known
effects of weight loss and the more recently asserted effects of magnesium in the prevention
and treatment of the metabolic syndrome in one study, was a novel concept. Literature in this
area to date has focussed on cross sectional associations and randomised controlled trials of
magnesium supplementation on particular cardiovascular risk factors.
In this study, no significant changes in magnesium intake were achieved in both the
high fibre and high protein diet groups, although increases in dietary magnesium intake were
associated with weight loss and reductions in fasting insulin concentration and insulin
resistance in the high fibre diet group and an increase in plasma magnesium concentration
was associated with a weight and trunkal fat loss and an increase in insulin sensitivity in the
high protein group. The observed associations were somewhat inconsistent, which highlight
methodological issues prevalent in the assessment of magnesium intake and status.
Nevertheless, these data contribute considerably to the current body of research, by
illustrating interesting and potentially valuable associations, which ought to be explored more
thoroughly in subsequent studies.
The majority of data to date, of which data from this study is no exception, examine
magnesium from extracellular sources, whereas the physiological role of magnesium is
primarily intracellular, which makes our understanding of magnesium metabolism quite basic.
If knowledge in the area of magnesium and cardiovascular risk is to be advanced, it is
imperative that a biological marker to accurately determine magnesium status is found.
Successive research is needed to determine the mechanisms by which magnesium affects each
component of the metabolic syndrome, and how these mechanisms may be altered in the
abnormal metabolism associated with obesity and insulin resistance. Further experimental
research is needed to substantiate conclusions made from the present study, and to determine
whether a high dietary magnesium intake could improve cardiovascular risk in those unable to
lose weight, as well as to determine the implications of magnesium in public health and the
prevention of chronic disease.
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Application Form for ethical consideration of research and teaching proposals involving human
participants
_________________________________________________________________________________________

APPLICATION TO THE UNIVERSITY OF OTAGO HUMAN
ETHICS COMMITTEE FOR ETHICAL APPROVAL OF A
RESEARCH OR TEACHING PROPOSAL INVOLVING HUMAN
PARTICIPANTS
PLEASE read carefully the important notes on the last page of this form. Provide a
response to each question; failure to do so may delay the consideration of your
application.
1.

University of Otago staff member responsible for project:
(surname)
(first name) (title)
Mann

Jim

Professor

2.

Department: Edgar National Centre for Diabetes Research / Human Nutrition

3.

Contact details of staff member responsible:

4.

Title of project: DIETARY APPROACHES FOR THE METABOLIC SYNDROME

5.

Brief description in lay terms of the purpose of the project:
The metabolic syndrome is defined by a number of associated risk factors that cluster
together in individuals increasing their risk of diabetes and heart disease. These factors
include insulin resistance, abdominal obesity, high blood pressure, dyslipidaemia
(abnormal blood fats) and raised blood sugar. The likelihood of dying of heart disease
is increased three-fold in people with metabolic syndrome (diagnosed as having at
least three risk factors). There is limited reporting on the prevalence of the metabolic
syndrome in New Zealand, but reports suggest it could be more than 20% in adult
New Zealanders with more than double the prevalence in adult Maori and Pacific
Islanders. Correspondingly an estimated 7% of New Zealand adults have suffered a
non-fatal heart disease event and the prevalence of diagnosed diabetes in New Zealand
is estimated to be 4% in the general New Zealand population and as high as 12% in
Maori and Pacific Islanders. These are likely to be underestimates and the prevalence
is further increased when including estimates of undiagnosed cases.
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Clearly, determining effective strategies for managing metabolic syndrome risk
factors is warranted. A number of lifestyle interventions indicate that clinically
important improvements in insulin sensitivity, body weight, hypertension and blood
fats are achievable. However we currently have little indication of which dietary
modifications will achieve the greatest change. Both dietary fibre and dietary protein
have shown promise in numerous studies but results have been inconsistent and many
questions remain unanswered.
This study will attempt determine the ways and extent to which metabolic syndrome
risk factors can be influenced by high fibre and high protein diets. Furthermore we
will investigate whether the form of dietary fibre eaten makes a difference by
comparing fibre supplements and highly processed fibre added to processed foods
with whole foods that are naturally high in fibre.

6.

Indicate type of project and names of other investigators and students:
Staff Research

Student Research

X

Names

Prof Jim Mann, Professor of Medicine and
Human Nutrition, Department of
Human Nutrition.
Dr Rachel Brown, Department of Human
Nutrition.
Dr Bernard Venn, Department of Human
Nutrition.

Names

Ms
Ms

Multi-Centre trial
7.

Megan
Levers,
MSc
student,
Department of Human Nutrition.
Lisa Te Morenga, PhD student,
Department of Human Nutrition.

Names

Is this a repeated class teaching activity?
Yes

No

X

If applying to continue a previously approved repeated class teaching activity, please provide
Reference Number:
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8.

Intended start date of project:
March 2008
Projected end date of project:
March 2009

9.

Funding of project.
Is the project to be funded:
(a) Internally
(b) Externally

X

Please specify who is funding the project:

10.

RIDDET CENTRE

Aim and description of project: (Clearly specify aims)
Aim
To compare the extent to which a high fibre, high carbohydrate diet versus a high
protein diet can influence individual components of the metabolic syndrome including
insulin sensitivity, abdominal obesity, blood lipids, blood glucose and hypertension,
during periods of weight maintenance and weight reduction.
To determine whether dietary fibre structure influences individual components of the
metabolic syndrome including insulin sensitivity, abdominal obesity, blood lipids,
blood glucose and hypertension, during periods of weight maintenance and weight
reduction. The effects of two high carbohydrate, high fibre diets where the dietary
fibre component is either derived primarily from purified dietary fibre (e.g fibre
supplements and fibre-fortified foods) or from intact fibre (e.g whole foods such as
wholegrains, pulses and legumes) will be compared.
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Description
We will conduct an eight-week dietary intervention study. Overweight women will be
recruited and randomised to one of three prescriptive dietary plans. Participants will
be asked to maintain their weight for 4 weeks while adhering to their dietary regime.
After this they will be given weight reduction dietary advice designed to reduce their
body weight by approximately 5%.
Dietary intakes will be controlled by providing subjects with key meal components
from readily available supermarket products and ingredients. Participants will receive
regular nutrition counselling to help them to achieve the dietary targets of their
treatment regime.
Participants will undergo blood tests on six separate mornings after an overnight fast
for the measurement of metabolic risk factors. These tests will occur at the start of the
study, after 4 weeks and at the end of the study. Body weight, waist measurements and
blood pressure will also be measured at this time. Participants will also have body
scans at the start and at the end of the study, to measure their body fat. Throughout
the study participants will be asked to keep records of what they have eaten, the type
of exercise they have done and to assess to their hunger levels.
We will measure whether there have been any changes in metabolic syndrome risk
factors during the course of the study and whether there were any differences in
effects between the dietary regimes.

11.

Researcher or instructor experience and qualifications in this research area:
Professor Mann, Dr Venn and Dr Brown are experienced in conducting research
involving dietary interventions with human participants. Professor Mann has extensive
experience in clinical practice and research projects involving diabetes, insulin
resistance and weight loss. Megan Levers has completed an undergraduate degree and
post-graduate Diploma in Human Nutrition. Lisa Te Morenga has completed an
undergraduate degree in Human Nutrition and has completed one major study towards
her PhD.
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12.

Participants
12(a) Population from which participants are drawn:
Adult females living in Dunedin and surrounds. Nobody, whose capacity to
give informed consent is compromised, will be asked to participate.

12(b) Specify inclusion and exclusion criteria:
Inclusions
Women aged 18-65 years.
Overweight; BMI ≥ 27 kg/m2 and weight < 120kg.
Weight stable over last 3 months and willing to maintain weight initially.
Prepared to undergo dietary intervention and eat substantial amounts of dietary
fibre including wholegrains, legumes, pulses or fibre supplements.
Sedentary or undertake mild exercise only.
Exclusions
No known diabetes, established chronic disease requiring ongoing treatment,
or drug therapy which has not stabilised.
Not on lipid lowering medications or medications known to affect metabolism.
No history of renal or hepatic failure.
Not suffering from any other major medical condition.
No psychiatric illness, drug or alcohol dependence that would affect ability to
adhere to the dietary guidelines.
No history of an eating disorder.
Not currently following a vegetarian diet or following a strict dieting regime,
including, but not limited to, low carbohydrate diets, high protein diets and
diets high in wholegrains or legumes.
Not pregnant, lactating or planning to become pregnant in the next 10 weeks
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12(c) Number of participants: (where a sample size calculation is appropriate i.e.,
for quantitative research, it should be provided)
108 subjects will be recruited. This is based on the average number of
participants required to detect a 30% difference in insulin sensitivity measured
by the HOMA index (the most common measure of insulin sensitivity
currently reported for studies of this nature) with 80% power at level of
significance of 0.05.
12(d) Age range of participants:
18- 65 years.
12(e) Method of recruitment:
Recruitment will be via “all staff” notices at the University of Otago, notices
posted at the Dunedin Public Hospital and local supermarkets, medical
practices and through advertising in local newspapers. Former research
participants who gave consent to be contacted about future research projects
will also be written to.

12(f) Please specify any payment or reward to be offered:
Participants will be provided with food and meal components to encourage
compliance with their dietary plan.
People may claim parking expenses when Department of Human Nutrition
parking spaces are unavailable.

13. Methods and Procedures:
The study will be an unblinded, randomised dietary intervention study. We will aim to
have 108 overweight women (body mass index greater or equal to 27 kg/m2)
complete an eight week dietary intervention. Women will be recruited from Dunedin
and surrounding townships.
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Candidates will make contact with the researchers in response to study recruitment
procedures. A telephone interview will be set-up at an appropriate time during which a
number of questions will be asked to determine whether the candidate is eligible to
participate further in the study (see attached screening questionnaire).
Eligible candidates will then be entered into the study and will be required to attend
six morning appointments over eight weeks at the Department of Human Nutrition
Clinics where blood samples, blood pressure and body composition measurements
will be taken (described below). Personal demographic information and medical
history will be collected at baseline and IPAQ lifestyle and physical activity
questionnaire will be administered at baseline, week 4 and week 8 (see attached
questionnaires). After the first two clinic visits (occurring in the first week of the
study) participants will be randomly assigned to one of three groups; 1) high protein
diet (HP) 2) high carbohydrate, high fibre from wholefoods diet (HCFW), or 3) high
carbohydrate, high fibre from supplements and fortified foods diet (HCFS).
The HP group will be advised to eat foods rich in protein at each meal, including red
meat, chicken, fish, eggs and diary products. They will be asked to restrict their
carbohydrate intake by reducing their usual number of servings of breads, cereals,
rice, pasta and legumes to approximately 2 servings per day in total. To ensure
adequate fibre in their diet they will be asked to choose wholemeal breads and high
fibre cereals and to include at least five servings of fruit and vegetable per day. They
will also be advised to make healthy, low fat food choices. Their carbohydrate intake
is expected to be 40-45%TE, protein intake 25-30%TE and fat intake 25-30%TE.
They are expected to have an intake of dietary fibre of approximately 25 g per day.
The HCFW will be advised to consume plenty of wholegrain breads and cereals,
beans, pulses and legumes. Foods particularly high in soluble fibre such as oats,
certain legumes and nuts, dried fruit and stone fruit will be encouraged. They will be
asked to restrict their intake of meat, fish, chicken and eggs to one serving per day.
They will also be advised on how to make healthy low fat food choices with an
emphasis on eating 5+ fruit and vegetable servings per day. Their carbohydrate intake
is expected to be 50-60%TE, protein intake 15-20%TE and fat intake 25-30%TE.
They are expected to have an intake of dietary fibre in excess of 35g per day, with
approximately 50% of this soluble and 50% insoluble.
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The HCFS group will be advised to consume high carbohydrate foods such as pasta,
rice and white or wholemeal bread and to restrict their intake of meat, fish, chicken
and eggs to one serving per day. They will be encouraged to include processed foods
that have been fortified with wheat-bran fibre such as bran-based cereals and high
fibre white breads. They will be advised and on how to make healthy low fat food
choices with an emphasis on eating 5+ fruit and vegetable servings per day. Their
carbohydrate intake is expected to be 50-60%TE, protein intake 15-20%TE and fat
intake 25-30%TE. The fibre intake from foods will be approximately 25 g per day ad
they will also have 10-15g of a soluble fibre supplement form each day so that total
fibre intake will exceed 35 g per day.
The macronutrient composition of the HCFW and HCFS diets is comparable with
New Zealand’s current dietary guidelines recommending 15% TE come from protein,
25-30 %TE from fats, 55-60 %TE from carbohydrates and at least 25 g per day of
dietary fibre for women. The amount of protein to be consumed by the HP diet group
is within the range typically consumed in Western diets and within the acceptable
macronutrient distribution range (10-35% of total energy intake) recommended by the
Institute of Medicine. This level of protein consumption is also within the range
recommended by several respectable and popular weight loss diets including the
Australian CSIRO Total Wellbeing Diet. In addition a previous study conducted by
the Human Nutrition department with a similar target study population found no
evidence of an adverse effect on markers of kidney function over a 6 month period in
participants following one of two diets that had protein intake of this magnitude.
Similar findings have been reported in numerous weight maintenance or weight loss
dietary intervention studies with dietary protein intakes in the range of 25-30% of
energy.
To facilitate compliance with the dietary regimes, each group will be provided with
meal items contributing up to 50% of their daily energy requirements. The HP group
will receive 100 g and 200 g portions of meat or chicken and canned fish and a high
protein dairy-based product. The HCFW group will receive wholegrain bread, cereal
and high fibre meals. The HCFS group will receive fibre-enriched bread and cereal
and a commercially available powdered soluble fibre supplement.
The total treatment duration will be eight weeks. During weeks one to four
participants will be required to maintain their usual weight. From weeks five to eight
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they will be asked to follow dietary guidelines designed to facilitate 5% weight loss based on the diet regime they have been randomised to. Weight loss advice will be
individually tailored based on diet records previously collected by participants.
Participants will be asked to fill in a simple ticksheet recording food eaten, physical
activity and hunger levels on a daily basis and to complete a weighed three day diet
record (3DDR) on three separate occasions (baseline, week 4 and week 8). In
conjunction with each 3DDR participants will be asked to record their hunger and
appetite levels throughout the day. IPAQ short physical activity questionnaire will be
administered at baseline, week 4 and week 8. Each participant will meet with Lisa Te
Morenga or Megan Levers on a fortnightly basis to review food records and
ticksheets, discuss any issues around compliance with the dietary programme and to
collect food items for the following week. At all visits participants will be weighed.
Duplicate fasting blood samples (approximately 20mL) will be drawn at baseline,
week 4 and week 8 (six separate occasions) at the Department of Human Nutrtion
Clinics by research nurses trained in venepuncture and employed in the Department of
Human Nutrition (Margaret Waldron or Sue Vorgers). These will be analysed
laboratory technicians in the Department of Human Nutrition for the following
metabolites:
•

Plasma glucose

•

Plasma insulin

•

C-peptide

•

Total cholesterol

•

HDL cholesterol

•

Triacylglyceride

•

Free fatty acids

•

C-reactive protein

•

Adiponectin

•

Tumor necrosis factor aplpha (TNF-α)

•

Plasminogen activator inhibitor -1 (PAI-1)

•

Interleukins 6, 8 and 18

•

Grehlin
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At these clinic visits blood pressure, total height, total weight, waist circumference
and hip circumference will also be measured by the research nurses, Lisa Te Morenga
or Megan Levers.
At baseline and week 8 participants will have a Dual Energy X-ray Anthropometry
(DXA) body scan at the Dunedin Public Hospital DXA Scanning Unit to assess total
body fat, compartmental fat and lean mass.
Diet records will be analysed for macronutrient and dietary fibre content by a research
assistant with the New Zealand Food Composition Tables and Diet Cruncher for
Macintosh V1.2.0. Records of hunger and appetite levels may be analysed by the same
research assistant. The research assistant will not be able to identify individuals from
their diet and hunger records.
Data will be stored in a secure office and will be accessible only by the named
researchers. All records will be shredded 5 years after the completion of the study in
accordance with University protocols. Blood samples will be stored at -80 degrees C
until the end of the study, after which time they will be destroyed. Participants may
request that a karakia be said before their samples are destroyed, in which case this
will be arranged with the assistance of Human Nutrition Maori Advisory Komiti.
There are no commercial implications envisaged arising from this project.

14.

Compliance with The Privacy Act 1993 and the Health Information Privacy Code
1994 imposes strict requirements concerning the collection, use and disclosure of
personal information. These questions allow the Committee to assess compliance.

14(a) Are you collecting personal information directly from the individual concerned?
YES
If you are collecting the information indirectly, please explain why:
14(b) If you are collecting personal information directly from the individual concerned,
specify the steps taken to make participants aware of the following points:
•

the fact that you are collecting the information:

The aims of the study and the need to collect information relating to metabolic
syndrome risk factors will be described in detail to participants during a telephone
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screening interview, or during a face-to-face meeting if preferred. If participants are
eligible to participate in the study they will be given a detailed information sheet to
read and consent form to sign and will be encouraged to ask further questions if
necessary.

•

the purpose for which you are collecting the information and the uses you
propose to make of it:

Participants will be informed that the study is being carried out as part of the
requirements for PhD study by Lisa Te Morenga and MSc study by Megan
Levers and that the results of this study may be published in a scientific journal.

•

who will receive the information:

Participants will be advised that the data will be analysed by Lisa Te Morenga and
Megan Levers and will be reported to third parties in such a way that they not be
personally identifiable. Research assistants may also analyse diet records, but
codes will be used so that participants will not be identifiable.

•

the consequences, if any, of not supplying the information:

It will be made clear to participants that they are free to withdraw from the study at
anytime and may refuse to provide information or blood samples for any reason,
at any time without negative consequences to themselves.

•

the individual's rights of access to and correction of personal information:

Participants will be advised that they may request to review their personal details,
test results and dietary records at any time and request that erroneous
information be corrected.

14(c) If you are not making participants aware of any of the points in (b),
please explain why:
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14(d) Does the research or teaching project involve any form of deception?
NO

14(e) Please outline your storage and security procedures to guard against
unauthorised access, use or disclosure and how long you propose to keep
personal information:
A unique study code will be assigned to each participating individual.
During and after the study, results will be stored in a locked room. Data will
be entered onto a database using unique study codes, not named information.
At the end of the study when all results for each individual have been
collated, identifying information will be destroyed. All coded (but nonidentifiable) paper records of food records, questionnaire, clinical measures
and laboratory results will be stored in a locked cabinet.

14(f) Please explain how you will ensure that the personal information you
collect is accurate, up to date, complete, relevant and not misleading:
All data will be entered into an electronic database which will be set up to
identify unusual results such as unusually high or low test results. Unusual
results will be cross-checked against original data records. In addition data
will be checked for completeness and consistency by Lisa Te Morenga and
Megan Levers on a regular basis. Diet records entered in the Diet Cruncher
software by casual workers will be cross-checked against paper records for
accuracy and consistency.
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14(g) Who will have access to personal information, under what conditions,
and subject to what safeguards against unauthorised disclosure?
Anonymous information will be archived under each participant’s unique
study code and will also be stored electronically. Lisa Te Morenga and
Megan Levers will be responsible for its safekeeping. The data will be
retained for 5 years after completion of the study. The principal investigator
accepts responsibility.
Participants will be informed of all their blood test results at the conclusion of
the study. Copies will also be given.

14(h) Do you intend to publish any personal information and in what form do
you intend to do this?
No

14(i) Do you propose to collect information on ethnicity?
Yes. On the advice of the Kaitakawaenga Rangahau Mäori ethnicity data will
be collected based on the Statistics New Zealand 2001 Census ethnicity
question in order to describe the characteristics of the study participants. For
Maori participants information on iwi and hapu affiliations will also be
collected. This data will not be used to analyse the effects of the treatment on
different ethic groups. See copy of “Consultation with Maori” form attached.

15.

Potential problems: Explain whether there will be harm or discomfort to
participants, medical or legal problems, or problems of community relations or
controversy, or whether any conflicts of interest might arise
Participants will be asked to provide blood samples requiring venepuncture in the
lower arm. This is associated with short-term pain and slight bruising may result
from the procedure. If bruising does occur it should disappear after a few days. An
experienced registered nurse will draw the blood samples.

Application Form for ethical consideration of research and teaching proposals involving human
participants
_________________________________________________________________________________________

In the event that a participant suffers physical injury as a result of participation in
this study, they will be covered by Accident Compensation legislation.
The investigators will be available for consultation throughout the project.

16.

Informed consent
Please attach the information sheet and the consent form to this application. The
information sheet and consent form must be separate.
ATTACHED

17.

Fast-Track procedure (In exceptional and unexpected circumstances, and where
the research needs to commence before the next monthly meeting of the University of
Otago Human Ethics Committee, a researcher may request that the application be
considered under the fast-track provisions).
Do you request fast-track consideration? (See Important Notes to Applicants
attached)
NO
(Please note that this involves the application being sent around members of the
Committee by correspondence and can be expected to take 10 to 14 days)
If yes, please state specific reasons:-

18.

Other committees
If any other ethics committee has considered or will consider the proposal which is
the subject of this application, please give details:
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19.

Applicant's Signature: ....................................................................
Date: ................................
Please ensure that the person signing the application is the applicant (the staff member
responsible for the research) rather than the student researcher.

20.

Departmental approval: I have read this application and believe it to be
scientifically and ethically sound. I approve the research design. The Research
proposed in this application is compatible with the University of Otago policies and I
give my consent for the application to be forwarded to the University of Otago Human
Ethics Committee with my recommendation that it be approved.

Signature of *Head of Department: ..........................................................................
Date: ......................................
*(In cases where the Head of Department is also the principal researcher then the
appropriate Dean or Pro-Vice-Chancellor must sign)

Please attach copies of the Information Sheet and Consent Form
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DIETARY APPROACHES FOR THE METABOLIC SYNDROME STUDY
INFORMATION SHEET FOR PARTICIPANTS
Thank you for showing an interest in this project. Please read this information sheet carefully
before deciding whether or not to participate. If you decide to participate we thank you. If
you decide not to take part there will be no disadvantage to you of any kind and we thank you
for considering our request.
What is the Aim of the Project?
This study is being undertaken as part of the requirements for a PhD and MSc in Human
Nutrition. The aim of this study is to investigate how different diets can affect factors of the
metabolic syndrome and reduce the risk of developing diabetes and heart disease.
What Type of Participants Are Being Sought?
We are seeking females aged 18 - 65 years who are overweight but otherwise healthy and are
willing to follow specific dietary instructions for 8 weeks.
What will Participants Be Asked to Do?
Should you agree to take part in this project, you will be asked to follow a special weight-loss
diet for eight weeks. You will attend four clinics appointments and three diet counselling
appointments at the Department of Human Nutrition, and two DXA scan appointments at the
Dunedin Public Hospital over eight weeks. The first clinic appointment will take up to 45
minutes and later appointments should take no more than 20 minutes. The DXA scans and
diet-counselling appointments will take approximately 30 minutes each.
Clinic Visits: You will first be asked to attend a morning clinic in the Department of Human
Nutrition, University of Otago, following an overnight (10-12 hour) fast. A research nurse
will take a fasting blood sample (just a little bit more than a tablespoon of blood) from a vein
in your lower arm. You may feel a little bit uncomfortable and experience slight bruising in
this area afterwards but this should disappear in a few days.
We will also measure your height, weight, waist circumference and blood pressure to make
sure you meet the criteria for being in the study. If you do meet the criteria to take part in the
study, we will ask you to complete a background questionnaire about yourself and then we
will give you instructions on how to collect a record of everything you eat for three days,
which you will do over the next week. We will ask you to come back 3-4 days later for a
repeat of the blood test. You will be given breakfast after all blood tests. At the end of the

study we will ask you to come to our clinic on two more mornings following an overnight
fast for blood tests and measurements.
Diet Counselling: When you have finished collecting your diet record you will come back for
diet counselling. At this visit you will be randomly put into to one of two weight-loss diet
groups. We will explain the diets carefully to you and ask that you follow our diet instructions
as best as you can for the next eight weeks. One of the diets will be high in dietary fibre from
whole foods. The other diet will be a high protein diet based on animal protein such as meat,
chicken fish and dairy foods. We will try to assist you to lose about 5-10% of your weight and
you will need to keep track of what you have eaten, your hunger levels and physical activity
on a daily basis using a simple ticksheet. After two and four weeks on the study you will
come back for diet counselling sessions where we will check your progress on the diet. In the
final week of the study you will be asked to keep another detailed record of everything you
eat and drink for three days. To help you to follow our dietary instructions and make changes
to your usual diet you will be given special food items. You will need to collect this food
from the Human Nutrition Department when you visit us for diet counselling. Because of the
changes to your diet you may experience a few minor side effects such as windiness at first.
However these effects usually settle down within a week or two!
DXA Scan: At the beginning and at the end of the study you will also be asked to go to the 9th
floor of the Dunedin Public Hospital (DXA scanner suite) to have a DXA scan. We will ask
you to lie on a bed for four scans to be taken with a special DXA scanner, which measures
your body fat and muscle. This will take 30 minutes each time and involves a very small dose
of radiation (2uSv), which is less than 1/10th of the radiation received in a single normal chest
X-ray. In comparison people living in New Zealand each receive about 2000uSv over a year
from natural background radiation.
At the end of the study you will be given copies of all your test results and a brief
interpretation of these results. You will be able find out your risk of getting diabetes and heart
disease. In addition we will be able to recommend the most beneficial dietary strategy.
Can Participants Change their Mind and Withdraw from the Project?
You may withdraw from participating in the project at any time and without any disadvantage
to yourself of any kind.
What Data or Information will be Collected and What Use will be Made of it?
We will be collecting personal information regarding your age, ethnic group, lifestyle, height,
weight, body composition, blood glucose and insulin, blood lipids, blood pressure and other
markers in the blood related to the metabolic syndrome, hunger and weight loss. The purpose
of collecting this information is so that we are able to describe the overall characteristics of
the study population and to see whether the diets improve your risk of diabetes and heart
disease. Only Megan Levers, Lisa Te Morenga, Dr Rachel Brown, Dr Bernard Venn and
Professor Jim Mann will have access to personal information and even then only ID numbers
will identify individuals. The results of this project may be published and will be available in
the library. No data will in any way be linked to any specific participant.
The data collected will be securely stored in such a way that only those mentioned above will
be able to gain access to it. At the end of the project any personal information will be

destroyed immediately except that, as required by the University's research policy, any raw
data on which the results of the project depend will be retained in secure storage for five
years, after which it will be destroyed.
You are most welcome to request a copy of the results of the project.
What if Participants have any Questions?
If you have any questions about our project, either now or in the future, please feel free to
contact.
Lisa Te Morenga or Megan Levers
Department of Human Nutrition
Phone: 479-3978
ir.diet@stonebow.otago.ac.nz

or

Professor Jim Mann
Department of Human Nutrition
Phone:-479-7890

This project has been reviewed and approved by the University of Otago Human Ethics
Committee

DIETARY APPROACHES FOR THE METABOLIC SYNDROME
CONSENT FORM FOR PARTICIPANTS
I have read the Information Sheet concerning this project and understand what it is about. All my
questions have been answered to my satisfaction. I understand that I am free to request further
information at any stage.
I know that:1.

My participation in the project is entirely voluntary;

2.

I am free to withdraw from the project at any time without any disadvantage;

3.

Personal identifying information will be destroyed at the conclusion of the project but any
raw data on which the results of the project depend will be retained in secure storage for five
years, after which they will be destroyed;

4. I may suffer slight bruising as a result of the blood sampling;
5. I will be subjected to a very small dose of radiation during the DXA body scan which is less
than one tenth of the radiation received during a chest x-ray;
6. The results of the project may be published and will be available in the library but every
attempt will be made to preserve my anonymity.

I agree to take part in this project.
.............................................................................
(Signature of participant)

...............................
(Date)

This project has been reviewed and approved by the University of Otago Human Ethics
Committee
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DIETARY APPROACHES FOR THE METABOLIC SYNDROME STUDY
SCREENING Call flow chart (potential participant)
DATE:_________________

INTERVIEWER:___________________

ID:__________

(Details below to be completed at end of phone screening)
Name:
Ms
Mrs
Miss
Mr
_____________________________________________________________________________________
Address:
_____________________________________________________________________________________
_____________________________________________________________________________________
Phone: (home)__________________ (work)______________________

(mob) __________________

Email: _______________________________________________________________________________
Sent information sheet? YES NO

Thank you for calling for information.
Intro:
We are conducting a study to investigate how different diets can affect factors of the metabolic syndrome
and reduce the risk of developing diabetes and heart disease in women. It focuses on making changes to
your diet, specifically your protein and fibre intakes. The programme will last for 8 weeks, and will
require lots of motivation and commitment.
Is this something you would be interested in?
•
Yes
•
No
I’m going to ask you a few questions to determine if you are eligible to take part. It’ll take about 10
minutes – do you have time for this right now? (IF NO TIME: me ring back or they ring me back later)
Remember, you are free to choose not to continue the interview at any time.
Q1.

How did you hear about the study?___________________________________________________

Q2.

Are you currently taking part in any other studies at the university? Any other weight loss
programmes, eg. Jenny Craig or Weight Watchers?
•
No
•
Yes
_______________________________________________________________________________
Have you lost more than 2kg in the past 4 weeks?
•
No
•
Yes
[EXCLUDE]

Q4.

Your age: ___________years

[ELIGIBLE 18-65yr]

Q5.

What is your height? ______feet ______inches OR ___________cm

Inches x 2.54 =______cm

Q6.

What is your current weight? _______lbs OR _______kg
(BMI = kg/m2 ) = ___________________

Q7.

OR _______stones

[ELIGIBLE if≥27]

Lbs x 0.453 =________kg
Stones x 6.350 = _____kg

Are you currently pregnant?
•
No
•
Yes
[EXCLUDE]
If NO, are you currently planning to become pregnant?
No
Yes
[EXCLUDE]

•
•

Are you currently breastfeeding?
No
Yes
[EXCLUDE]

•
•

Q8.

Are you currently taking any of the following medications?
Medications that decrease appetite (appetite suppressants)
•
Xenical
•
Other weight loss drugs (Duromine, Reductil, Tenuate Dospan)
•
Insulin
[EXCLUDE]
•
Medications that decrease cholesterol (eg. Lipex)
[EXCLUDE]

•

If YES to appetite suppressants, Xenical or other weight loss drugs, would you be prepared to stop
taking them for the duration of the study?
•
No
[EXCLUDE]
•
Yes
Q9.

Do you currently have cancer?
No
Yes
[EXCLUDE]

•
•

Q10.

Have you ever been diagnosed with heart disease?
•
No
•
Yes ______________________________________________________________________
If YES to heart disease, what is your current status and are you under any type treatment or drug
therapy?
_______________________________________________________________________________
_______________________________________________________________________________

Q11.

Do you have diabetes?
•
No
•
Yes, & on tablets (oral hypoglycaemic agents) for it
•
Yes, & on insulin
•
Yes, but not on medication
•
Don’t know

[EXCLUDE]
[EXCLUDE]

Q12.

Would you be prepared to make some changes to your diet, such as eating more beans and lentils,
wholegrains such as wheat, barley and bulgur wheat? And would you eat at least five servings of
fruits and vegetables per day?
•
No ___________________________________________________________[EXCLUDE]
•
Yes
Would you be prepared to eat more meat, chicken and fish? No
•
No ___________________________________________________________[EXCLUDE]
•
Yes

Q13.

Do you have any known allergies to any of these foods?
•
No
•
Yes______________________________________________________________________
_
Would you be willing to attend a session or receive a phone call for nutritional counselling and to
discuss your progress every fortnight? (This would last about 45 minutes – 1 hour). We may also
call you once a week to monitor how well you are following the dietary recommendations.
•
No _______________________________________________________________________
•
Yes

Q14.

Would you be prepared to record your food intake and hunger levels for the nutritionist at each
visit? Sometimes you’ll need to weigh out your food for a 3-day period.
•
No _______________________________________________________________________
•
Yes

Q15.

On four occasions, twice at the start of the study and twice at the end, you’ll need to fast overnight
i.e. not eat or drink anything, except water for 8-12 hours, and then come in to our clinic before
breakfast for a blood test. We will supply you with breakfast afterwards. Could you do this?
•
No _______________________________________________________________________
•
Yes

Q16.

At the beginning and at the end of the study you will also be asked to have a DXA scan, which
measures your body fat and muscle. This will take 40 minutes each time and involves a very small
dose of radiation (2uSv), which is less than 1/10th of the radiation received in a single normal
chest X-ray. Would you be prepared to do this?
•
No _______________________________________________________________________
•
Yes

Q17.

As you know, losing weight is a huge commitment and being in this study will mean that you’ll
have to make a number of changes to your current lifestyle and diet.
On a scale of one to 10, how committed are you to making the dietary changes that we
recommend?

Not committed

1

2

3

4

5

6

7

8

9

10

9

10

Very committed

On a scale of one to 10 how committed are you to losing weight?
Not committed

1

2

3

4

5

6

7

8

Very committed

On a scale of one to 10 how much effort do you think you’re willing to put into losing weight?
No Effort

Q18.

1

2

3

4

5

6

7

8

9

10

Maximum effort

Have you tried to lose weight in the past?
•
No
•
Yes
If YES, what things have made losing weight hard for you, or made you give up diets?
_______________________________________________________________________________
_______________________________________________________________________________

Q19. Are you still interested in participating?
•
No_______________________________________________________________________
•
Yes
What the study would involve:
If you agree to take part in this project, you will be asked to:
• Firstly, visit our clinic at the Research Unit of the Department of Human Nutrition
(1) give a blood sample to measure blood lipids and other biomarkers.
(2) have an assessment of body weight, height, blood pressure, waist circumference;
(3) complete questionnaires
(4) be instructed by a nutritionist on the use of the scales and diet records and then practise doing
this, using an example, during the morning.
• Repeat the blood tests and questionnaires at 4 and 8 weeks.
• Have a DXA scan at the beginning and the end of the study.
• Meet with a nutritionist for about 45 minutes to 1 hour, three times during the study.
• Make changes to your diet.
• Collect food items weekly.
This is in room G01in the Union Court Building at the University of Otago: the brick building on the
right, 85 Union Place West - turn left off Cumberland on the one-way street system going south. We have
a car park you can use or will pay you parking money.
Are you interested in participating?
•
No
•
Yes [SCHEDULE SCREEING APPOINTMENT]
•
Do you have any questions?
I will mail you an information sheet, a consent form, two short questionnaires and a map showing you
how to get to the Human Nutrition Clinics. Please sign the consent form and bring it with you to your
appointment.
Please ring me if you have any concerns. 479 3978.
Impression of this potential participant ______________________________________________________
_____________________________________________________________________________________

ID ________________
DIETARY APPROACHES FOR THE METABOLIC SYNDROME STUDY
2008
DATE:_____________

Personal Details
Name:
Address:

Contact phone numbers:

Day:___________________

Evening:__________________

Mobile:___________________
Indicate with * the best number for contact purposes

Email
Date of birth:

Would you like your test results sent to your GP?
GP’s name
GP’s address

YES / NO

ID ________________
Ethnicity:

Which ethnic group do you belong to? Mark the group or groups that
apply to you:



New Zealand European



Maori



Samoan



Cook Island Maori



Tongan



Niuean



Chinese



Indian



Other (such as DUTCH, JAPANESE, TOKELAUAN). Please
state: _________________________________________

Iwi:_____________ Hapu:_____________

Medical History
Medical History

ID ________________
Medications

Please include any health supplements and contraceptives you may
take.

Family history of type 2
diabetes

Please circle any of the following family members who have diagnosed
type 2 diabetes:
Mother Father

Family History of heart
disease

Brother or Sister

Child

Please circle any of the following family members who have diagnosed
high cholesterol:
Mother Father

Family History of high
blood pressure

Child

Please circle any of the following family members who have diagnosed
heart disease:
Mother Father

Family History of high
cholesterol

Brother or Sister

Brother or Sister

Child

Please circle any of the following family members who have diagnosed
high blood pressure:
Mother Father

Brother or Sister

Child

Allergies

Weight loss

Menstrual status

Recent weight loss

YES / NO

Recent weight loss programme

YES / NO

Please circle:

Peri-menopausal

Pre-menopausal

Post-menopausal

Hysterectomy

Ovariectomy

ID ________________
Gestational diabetes:

Have you ever been diagnosed with gestational diabetes?
(circle) YES

Oral contraceptive pill:

Are you currently taking the oral contraceptive pill?
(circle) YES

Smoking history

Cultural Issues:

NO

NO

Never smoked 
Former smoker



Current smoker



Would you like your blood samples to be disposed of in a culturally
sensitive manner? E.g. with a karakia

Are there any other issues you would like the researchers to be aware
of? E.g. Don’t eat beef or pork

ID:_____________________

Date:__________

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE
We are interested in finding out about the kinds of physical activities that people do as part of
their everyday lives. The questions will ask you about the time you spent being physically active
in the last 7 days. Please answer each question even if you do not consider yourself to be an
active person. Please think about the activities you do at work, as part of your house and yard
work, to get from place to place, and in your spare time for recreation, exercise or sport.
Think about all the vigorous activities that you did in the last 7 days. Vigorous physical
activities refer to activities that take hard physical effort and make you breathe much harder than
normal. Think only about those physical activities that you did for at least 10 minutes at a time.
1.

During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, digging, aerobics, or fast bicycling?
_____ days per week
No vigorous physical activities

2.

Skip to question 3

How much time did you usually spend doing vigorous physical activities on one of those
days?
_____ hours per day
_____ minutes per day
Don’t know/Not sure

Think about all the moderate activities that you did in the last 7 days. Moderate activities refer
to activities that take moderate physical effort and make you breathe somewhat harder than
normal. Think only about those physical activities that you did for at least 10 minutes at a time.
3.

During the last 7 days, on how many days did you do moderate physical activities like
carrying light loads, bicycling at a regular pace, or doubles tennis? Do not include
walking.
_____ days per week
No moderate physical activities

Skip to question 5

ID:_____________________
4.

Date:__________

How much time did you usually spend doing moderate physical activities on one of those
days?
_____ hours per day
_____ minutes per day
Don’t know/Not sure

Think about the time you spent walking in the last 7 days. This includes at work and at home,
walking to travel from place to place, and any other walking that you might do solely for
recreation, sport, exercise, or leisure.
5.

During the last 7 days, on how many days did you walk for at least 10 minutes at a time?
_____ days per week
No walking

6.

Skip to question 7

How much time did you usually spend walking on one of those days?
_____ hours per day
_____ minutes per day
Don’t know/Not sure

The last question is about the time you spent sitting on weekdays during the last 7 days. Include
time spent at work, at home, while doing course work and during leisure time. This may include
time spent sitting at a desk, visiting friends, reading, or sitting or lying down to watch television.
7. During the last 7 days, how much time did you spend sitting on a week day?
_____ hours per day
_____ minutes per day
Don’t know/Not sure

This is the end of the questionnaire, thank you for participating.
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The “High Fibre” Diet

Department of Human Nutrition
University of Otago, PO Box 56, Dunedin
Contacts:Lisa Te Morenga & Megan Levers
Ph: (03) 479-3978
Email: ir.diet@stonebow.otago.ac.nz

The High Fibre Diet
Low fat, high carbohydrate diets are the most proven diets and are the basis of
public health recommendations and the food pyramid. However in recent years
high protein and high fat weight-loss diets have gained popularity and appear to
have surprisingly favourable outcomes for fat loss and for reducing diabetes and
heart disease risks. However the high carbohydrate diets that these have been
compared to are generally not high in the best sort of carbohydrates for good
health. They tend to be high in refined carbohydrates like white breads, rice and
refined cereals and low in healthier wholegrains and high-fibre carbohydrates.
We believe that high carbohydrate diets that are based on wholegrain and high
fibre foods can be at least as good as high protein diets for weight loss and
preventing heart disease. In addition high fibre high carbohydrate diets are be
less expensive and may be healthier in terms of long-term cancer risks.
On this diet you will increase the amount of dietary fibre and wholegrain foods
you eat while trying to lose weight. You will be asked to avoid highly refined
and processed starchy foods such as white bread, biscuits, white rice and pasta.
Instead you will be asked to include plenty of wholegrain cereals such as natural
muesli and wholegrain oats, lightly processed grains such as cracked wheat,
bulgur and barley, specific wholegrain breads, legumes and pulses (i.e. cooked
dried beans like kidney beans) and plenty of vegetables. To lose weight this
means you will have to minimize your intake of fatty and oily foods and eat only
moderate amounts of lean protein foods, low-fat dairy foods and fruit.
In this booklet you will find some ideas for making high fibre meals and snacks.
Vegetarian or hippy foods are great on this diet as long as they are not too cheesy
or creamy (high fat!). We will be providing you with breakfast cereal, bread,
grains and canned beans to help you to follow our dietary guidelines over the
next 8 weeks.
You will also find some information on cooking and eating dried beans and
lentils.

2

Following the diet
Fibre
On this high fibre diet you must keep track of your fibre intake. Use the fibre
counter we have given you to count up your daily fibre intake.
Aim for at least 40g of dietary fibre per day.
This 40g must come from high fibre foods, not supplements. You should not eat
less than 35g of fibre per day.

Beans and legumes
Legumes and cooked dried beans are a great source of dietary fibre and are also a
good vegetarian source of protein. They contain large amounts of insoluble fibre,
which will help to keep your digestive system regular, and lots of soluble fibre,
which appears to have many metabolic benefits. Beans and legumes are filling
and satisfying while being fairly low in energy – so they are a great diet food.
Eat one unit of beans, pulses and legumes each day.
One unit is equivalent to:
• 120g home-cooked or canned beans
• 30 - 40g dried beans or lentils
• ½ tin baked beans, chilli beans, chickpeas or other beans
• 150g baked beans or cooked red lentils
Best choices (highest in total fibre and soluble fibre):
• Black beans
• Red kidney beans
• Pinto beans
Avoid
• Deep fried falafel
• Deep fried patties

3

High Fibre Carbohydrates
Grains, breads and cereals are generally our main source of carbohydrates.
Carbohydrates are the fuel that keeps us going. In the stomach they get broken
down into glucose, which provides energy for our muscles and brain. They also
provide many vitamins and minerals. Wholegrain breads and cereals release their
energy slowly, which may keep your blood sugars more even and help you to
feel fuller for longer. They are a very important source of dietary fibre, to keep
your digestive system healthy and regular. High intakes of wholegrains are
associated with reduced risks of diabetes and heart disease – for reasons that are
not yet clear.
Eat 6 units of high fibre carbohydrates each day.
You may replace some of these units with extra units of beans and legumes as
these provide many of the same benefits.
One unit (approximately 450kJ) is equivalent to:
• 1 slice of wholegrain toast bread (about 40g)
• 2-3 wholegrain or wholewheat crispbread e.g. Ryevita
• 1/3 cup cooked bulgur wheat or cracked wheat.
• ½ cup cooked wholemeal pasta
• 1/3 cup (95g) baked beans, cooked lentils
• 1/3 cup (66g) drained beans or chickpeas
• 35g natural muesli + 15g All-bran or San-bran
• ½ cup (45g) natural muesli
• 1 weetbix and 15 g All-bran or San-bran
• 1 cup cooked wholegrain oats (½ cup or 45g raw wholegrain oats)
• 1 cup (45g) high fibre breakfast cereal (>5g fibre per serve)
You may also count no more than 1 medium potato or one piece of kumara
(150g) with skin on in this allowance.
Avoid: (ALL low-fibre carbohydrate foods)
• High sugar cereals such as Ricies and Coco-pops
• Toasted muesli
• White rice, white pasta and couscous
• White bread, crumpets, English muffins and croissants.
• High fat crackers such as Snax, Shapes, Somerset and cream crackers

4

Lean Protein Foods
Protein-rich foods such as meat, fish, chicken, tofu, beans and legumes provide
essential amino acids necessary for creating, maintaining and renewing your
body tissues, hormones and enzymes. Protein-rich foods will help you to feel
satisfied for longer, help control your blood fats and provide you with many
important nutrients such as iron, zinc, and many other minerals and vitamins.
As protein-rich foods are often associated with fat it’s important to choose lowfat protein foods.
Eat 1 unit of lean protein each day.
One unit is equivalent to:
• 100g raw lean red meat, pork, chicken or fish
• 2 chicken drumsticks (no skin)
• 100g lean ham, shaved chicken or turkey breast
• 2 eggs
• 200g tofu or low-fat vegetarian protein
• 120g beans or lentils
• 1 unit milk or dairy products
100g raw meat provides approximately 20-25g of protein and 500-600 KJ. The
rest is water and intrinsic fat.
Best choices:
• Lean cuts of meat, trimmed of visible fat
• Chicken with the skin removed
• Lean meats cooked by stir-fry, grill, microwave, or roasted on a rack.
• Tinned fish or chicken in spring water
• Boiled or poached eggs
Avoid: (ALL high-fat protein foods)
• Processed meat such as sausages, luncheon, salami and meat patties.
• Meat pies
• Streaky bacon and fried eggs
• Canned corned beef
• Deep-fried and battered meat, chicken or fish.
• Pork crackling
• Fish canned in oil or non-light flavourings.

5

Milk and dairy Products
Milk and dairy products are a good source of protein and an important source of
calcium, which is necessary for bone health and preventing osteoporosis. If you
are drinking soy or rice milk, choose one that is fortified with calcium.
Choose 2 units of milk and dairy each day
One unit is equivalent to:
• 200g yogurt or dairy food
• 25g cheddar (i.e. Tasty, Mild, Colby)
• 30g Edam, camembert, brie, blue vein or feta cheese
• 50g Greek-Style yogurt
• 100g regular cottage cheese or ricotta cheese
• 120g low-fat cottage
• 250ml milk
• 1 slice cheese singles
Best choices:
• Trim, calci-trim or sun-latte milk
• Lite evaporated milk
• Low-fat yoghurt
• Cottage cheese
• Low-fat cheese singles.
• Lite cream cheese
Avoid:
• Blue top and full cream milk
• Condensed milk
• High fat fromage frais
• Double-cream cheeses
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Vegetables
Vegetables provide lots of goodies including fibre, vitamins and minerals,
antioxidants. They also add variety to meals in terms of flavour, colour and
texture. Except for potatoes, kumara, taro and avocado - vegetables are low in fat
and energy and you can as much of them as you like. Check your fibre counter to
choose the highest fibre veggies, or extra veggies if you need to boost your daily
fibre intake.
You must eat at least 2½ cups of vegetables each day (5 half-cup units).
Try to include at least ½ cup of raw salad as part of this total.
Potatoes, kumara and taro are included in your carbohydrate allowance, and
avocado is included under the fats and oils allowance. These vegetables cannot
be eaten freely!
One half-cup unit is equivalent to:
• ½ cup cooked, chopped vegetables
• 1 large carrot
• 2 medium tomatoes
• ½ cup of canned tomatoes or low-fat pasta sauce
• ½ cup of raw salad veggies
Best choices:
• Raw vegetables
• Tinned vegetables or beans.
• Frozen vegetables
• Vegetables cooked by boiling, microwaving, stir-frying or steaming.
Avoid:
• Deep fried vegetables
• Vegetables tinned in large amounts of salt
• Vegetables roasted in meat fat
• Vegetable soups made with cream and butter.
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Fruit
Like vegetables fruits are rich in fibre, vitamins, minerals and antioxidants.
However fruits are also high in sugar and therefore should be restricted to two
servings per day.
Eat 2 units of fruit each day.
Serving size:
• 150g fruit
• 1 apple
• 2 medium kiwifruit
• 2-3 small plums, apricots or mandarins
• ½ banana (no more than one per day)
• 1 cup of berries (fresh or frozen)
• Small handful (30g) of dried fruit (no more than one per day)
• 3 prunes
• 150ml of unsweetened fruit juice (no more than one per day)
Best choices:
• Raw fresh fruit
• Fruit canned in fruit juice or light syrup
• Frozen fruit
• Fruit juice with no added sugar
Avoid:
• Fruits tinned in syrups
• Fruits preserved with large amounts of sugar.
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Fats and oils
Fats and oils contain essential nutrients that keep our bodies functioning
properly. However they are a very concentrated form of energy and we only need
very small amounts of them. There are good fats and bad fats. Saturated fats
found in butter, cheese and meats are the bad fats are high intakes are associated
with increased risk of heart disease. Oils such as olive, canola and rice-bran oils
and the oils found in fish, seeds, nuts and avocado are good fats and can help to
lower cholesterol and prevent heart disease. We recommend margarine over
butter and that you avoid foods such as cakes, biscuits, pastries and pies, which
contain too much fat. Eating these foods will make it difficult for you to lose
weight.
Eat 3 units of fats and oils each day
One unit is equivalent to:
• 2 teaspoons (10g) light margarine or spread
• 1 teaspoon (5g) liquid oil or regular margarine or spread
• 20g avocado
• 7g nuts (13 peanuts, 10 almonds, 4 macadamia nuts)
Choose:
• Polyunsaturated margarine or oil
• Monounsaturated margarine or oil.
• Light margarine
• Use only a small amount of oil for cooking or use a non-stick cooking spray.
Avoid:
• Salted and roasted nuts.
• Saturated fats
• Trans fats
• Butter
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Snacks
In-between meal snacks can help you to keep your hunger in check and prevent a
big energy blowout at the end of the day. Choose low energy snacks that will
help you to feel satisfied. Below is a list of free foods that do not count towards
your daily allowances. Alternatively, if you find you are feeling very hungry you
may choose an additional unit from the Extra’s list. These foods contribute
approximately 500kJ extra.
Free Foods:
• Low kJ soup (limit one cup per day)
o Low kJ packet soups
o Vegetable soup made with vegetables only
o Clear soups
• Diet jelly
• Vegetables
Extras List: (1 unit = not more than 500kJ per unit)
• 1 unit fruit
• 1 unit high-fibre carbohydrates
• I unit beans and legumes
• 1 unit dairy foods
• 1 piece of wholegrain toast, spread lightly with the topping of your choice.
• 1 weight-watchers (or similar) high fibre muesli bar (>3g per bar)
• 1 cup air-popped popcorn

Indulgence Foods
You may have 2 glasses of wine per week (150ml each).
You may choose to substitute these 2 glasses for:
• 3 standard drinks of any other alcoholic beverage
• Snacks which contain a total of approximately 860kJ (eg. 40g chocolate)
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Drinks
You will need to drink extra water on this high fibre diet. Drink at least 8 cups of
calorie-free drinks each day. The bulk of this should be plain water.
Best choices:
• Water
• Diet soft drinks and cordials
• Unflavoured mineral water
• Tea and herbal tea
• Coffee
• Cocoa
Avoid:
• Fizzy drink
• Sugary fruit juices

Condiments
Use these low kilojoule condiments to spice up your meals:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Stock cubes
Oil-free salad dressing
Tomato, chilli, soy, oyster, hoisin and mint sauces
Marmite and vegemite
Curry powder or paste
Garlic
Lemon
Herbs
Spices
Garlic, ginger
Tomato paste
Mustard, horseradish, wasabi
Pickles
Vinegar
Artificial sweetener
Small amounts of cornflour, custard powder and sugar (e.g. 1 level
teaspoon) to use as thickeners and sweetener
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Some general tips:
Lunch Ideas
The main part of your lunch should be a high fibre food like wholegrain bread.
However try to include a little protein as well as this will help you to feel more
satisfied. Cooked dried beans like baked beans are a good source of protein and a
great source of fibre. Other suggestions are peanut butter, an egg, a small amount
of ham, chicken or edam cheese, a handful of nuts, tofu.
Quick and easy lunch ideas include:
Salads with extra tinned beans or cooked lentils
Baked beans on wholegrain toast,
Wholegrain salad sandwiches
Tinned bean salad with extra veggies
Toast with a little peanut butter
Tabouli salad with falafel (not deep fried though)
Microwaveable ready-to-eat low-fat, bean-based dhals and curry meals
Prepare some coarse bulgur wheat the night before to use for salads or
hot-lunch dishes the next day.
• Cooked bulgur wheat with pasta sauce, some frozen vegetables and a little
grated cheese reheated in a microwave is surprisingly tasty and easy to
throw together in the morning.
• Add a handful of chopped nuts to salads- this gives an additional and tasty
fibre boost
•
•
•
•
•
•
•
•

Plan ahead! The best way to control your diet is to pack your own lunch. It can
be really difficult to buy high fibre, low-fat lunch options.
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Tips for Eating More Vegetables
• You must eat 2 ½ cups of vegetables each day. This should include at
least ½ cup of raw salad vegetables.
• Always include some fruits or vegetables at each meal.
• Vegetables should be about two-thirds of the volume of your meal.
• Add extra fresh or frozen vegetables to soups, stews, bakes and
casseroles.
• Add vegetables such as mushrooms, capsicum, tomatoes, corn and onion
to scrambled eggs, omelets, quiches or frittatas.
• Add steamed broccoli, cauliflower, green beans, corn, or peas to salads.
• Include raw cut vegetables as snacks in your lunch box.
• Keep canned vegetables such as tomatoes, corn, baby corn and baby
carrots on hand for emergencies.
• Frozen veggies are almost as good as fresh veggies and are easy to throw
into all sorts of dishes.
Most vegetables can be eaten freely on your diet. These include:
Alfalfa, asparagus, baby corn, beansprouts, beetroot, bok choy, broccoli, brussel
sprouts, cabbage, capsicum, carrots, cauliflower, celery, chilli, Chinese greens,
corn, courgettes, cucumber, egg-plant, garlic, green beans, kamo-kamo, lettuce,
marrow, mushrooms, onions, parsnips, peas, pumpkin, radishes, rhubarb, silver
beet, spinach, Swedes, tomatoes, turnips, yams.
NOTE: potato, kumara and taro cannot be eaten freely. A piece equivalent to 1
medium potato or about 150g can be eaten to replace 1 serving of bread from
your daily allowance.
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Tips for Eating Out

•

Please try not to dine out more than once a week over the next 8 weeks. It
is much harder to control what you are eating when you eat out which can
make it difficult to lose weight. However this high protein diet is probably
one of the easier diets to follow when eating out!

•

Choose salads or soups for starters but check that the soup is not a high-fat
creamy one! Ask for dressings on the side or if you can exchange creamy
dressings for a vinaigrette.

•

Choose high protein options such as steak, chicken breasts, rack of lamb,
fish fillets. Choose meals described as steamed, grilled, poached or stirfried.

•

Be wary of vegetarian options, as these tend to be high in carbohydrates
and/or dairy fats.

•

Avoid menu items that include the words “deep-fried”, “pan-fried”,
“battered”, “crumbed”, “crispy”, “creamy”, “butter” or “decadent” in the
description or name.

•

Avoid sauces with cheese, cream or butter. This includes korma sauces
and butter chicken.

•

Avoid choosing chips! Choose extra steamed veggies or a side salad
instead.

•
•

Avoid pizza restaurants, fish and chip shops and burger chains.

•

Do ask how the meals are prepared and don’t be afraid to ask for
something a little different such as “no creamy sauces please”.

•

Beware that alcohol can increase your appetite and make you more
inclined to forget your diet! Stick to 2 standard drinks (about 1 glass of
wine), wait for your food to arrive before starting on it. Sip on plenty of
water.

If you can’t resist dessert then share one, or choose a trim cappuccino or
hot chocolate instead.
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Cooking Dried Beans
Cooking dried beans is time consuming but much more economical than buying
tinned beans. You can save time though by cooking up a big batch of beans and
freezing them in recycled plastic jars and honey pots, or other plastic containers.
Cooked beans can be covered and stored in the fridge for 3 days.

Basic Method
1. Wash the beans under cold running water, then place in a bowl of cold,
fresh water and soak overnight OR soak for 1-2 hours in boiling water.
This step is not strictly necessary, but means that your beans will cook
more quickly and are less likely to cause flatulence.
2. Discard any beans that float to the surface, then drain, rinse and drain
again.
3. Put in a large pot of water and boil rapidly for 10-15 minutes.
This step is essential for red kidney beans as it destroys a harmful
toxin that can cause severe food poisoning.
4. Reduce heat and simmer for 30 minutes to 2 hours until soft through,
depending on the type and freshness of the bean.
Note – chickpeas are now treated in some way so they will not become
completely soft. They will still be good to eat!
5. Drain and serve.
Approximate cooking times for different beans (after soaking):
Aduki beans
30 – 45 minutes
Black beans
1 hour
Black-eyed beans
1 – 1¼ hours
Borlotti Beans
1 – 1½ hours
Butter/Lima beans
1 – 1¼ hours
Cannellini beans
1 hour
Chickpeas
1½ - 2½ hours
Haricot beans
1½ hours
Red kidney beans
1½ hours
Mung beans
25 – 40 minutes
Pinto beans
1 – 1¼ hours
Soya beans
2 hours or more
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Pressure Cooker Method
Cooking beans in a pressure cooker is much faster and you really don’t need to
soak the beans, although it can speed things up for some of the beans that take
longer to cook.
1. Wash the beans under cold running water, then place in a bowl of cold,
fresh water and soak overnight OR soak for 1-2 hours in boiling water.
Put the beans in the pressure cooker. Add plenty of water to cover the beans, but
don’t fill the pressure cooker past one third full. Following your pressure
cooker’s manufacturer instructions bring the beans up to pressure and cook for
the following recommended times:
Approximate cooking times for pressure-cooking soaked beans
(after reaching pressure)
Black beans
5 minutes
Black-eyed beans
Not recommended
Borlotti Beans
10 minutes
Butter/Lima beans
3 minutes
Cannellini beans
5 minutes
Chickpeas
12 minutes
Haricot beans
7-10 minutes
Red kidney beans
5 minutes
Pinto beans
7-10 minutes
Soya beans
30 minutes
Approximate cooking times for pressure-cooking unsoaked beans
(after reaching pressure)
Black beans
30 minutes
Black-eyed beans
20 minutes
Borlotti Beans
35 minutes
Butter/Lima beans
35 minutes
Cannellini beans
20 minutes
Chickpeas
45 minutes
Haricot beans
40 minutes
Red kidney beans
40 minutes
Pinto beans
40 minutes
Soya beans
1 hour

16

Slow Cooker Method
The slow cooker method is my favourite way to cook dried beans because it’s
nearly impossible to burn them!
1. Wash the beans under cold running water
2. Put in a large pot of water and boil rapidly for 10-15 minutes.
This step is essential for red kidney beans as it destroys a harmful
toxin that can cause severe food poisoning.
3. Transfer to the slow cooker making sure the beans are well covered with
hot water. Cook on high for 2-4 hours until the beans are soft.
4. Be careful though – while you won’t burn the beans it’s quite easy to
forget and overcook them (making them mushy).

Cooking Lentils
Lentils are easy to cook and don’t need to be soaked. Split red lentils are soft and
mushy when cooked while whole lentils hold their shape. Lentils don’t need to
be boiled like beans and are often cooked with other ingredients in soups and
stews.
Whole green and brown lentils
1.
2.
3.
4.
5.

Wash and drain the lentils.
Tip into a pot, cover with water and bring to the boil.
Simmer for 30-40 minutes for brown or green lentils.
Add more water while the lentils are cooking if necessary
Drain and season with salt and pepper.

Split red lentils
Because these lentils go mushy, you don’t want to drain them after cooking or
you will pour half of them off!
1. Wash and drain 1 generous cup of red lentils in a sieve.
2. Add the lentils to a saucepan and cover with 2 ½ cups of water.
3. Bring to the boil then reduce the heat and simmer for 20-25 minutes,
stirring occasionally until all the water is absorbed and the lentils are soft.
4. Season to taste.
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Recipes
Snacks
Chick nuts or Soy nuts – a high fibre snack
Soak 1 to 2 cups of dried chickpeas or soya beans over night. Drain and towel dry. Place
on a baking sheet and cook in an oven at 180°C until the beans are crispy all the way
through. Store in an airtight container.
Serve as they are, or toss with paprika and garlic salt or with salt, pepper and cayenne
pepper.
You can also crush the nuts and sprinkle over salads, or even breakfast cereal!
1 serve = 1/3 cup = 1 unit fibre carbs
Pita Crisps
Split wholemeal pita rounds in half and then cut each half into 8 wedges. Place on an
oven tray and bake at 190°C for 5-10 minutes.
1 serve = 8 wedges = 1 unit fibre carbs
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Dips
Use these dips as sandwich spreads or serve with the following suggestions:
• Raw vegetable sticks (carrot, celery, capsicum slices, cauliflower, broccoli,
radish, cucumber)
• Whole meal pita bread or pita crisps (see recipe at end).
• Corn thins, rice thins or Ryvita crispbreads
• Wholegrain toast
• Pumpernickel bread
Cannellini Bean Dip
1 tin cannellini beans, rinsed and drained
1 tablespoon olive oil
2 large cloves garlic, finely chopped
2 shallots or ½ red onion, finely chopped
75 ml vegetable stock
2 tablespoons fresh flat leaved parsley, chopped
1 tablespoon fresh chives, chopped
salt and freshly ground black pepper
Heat the oil in a small frying pan and sauté the garlic and shallots until soft (about 5
minutes). Add the beans, stock, parsley and seasonings and cook for a few minutes until
heated through. Mash with a potato masher or blend in a food processor until thick and
smooth. Garnish with the chives. Serve on toasted pita bread or as a dip with raw
vegetable sticks.
1 serve = 1/3 cup = 1 unit high fibre carbs, 1 unit fats

Spicy Bean Dip
1 tablespoon olive oil
1 green capsicum
1 medium onion, finely chopped
1 teaspoon curry powder
1 teaspoon sweet chilli sauce
1 tin red kidney beans, rinsed and drained
1 cup tomato puree
1 cup red wine
Heat oil in a saucepan and cook onion and capsicum for 5 minutes or until soft. Add the
curry powder and cook for another minute. Stir in the remaining ingredients and simmer
for 20 minutes until thickened. Serve with toast wholemeal pita and vegetable sticks.
1 serve = 1/3 cup = 1 unit high fibre carbs, 1 unit fats
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Hummus
Juice of two lemons
pinch cayenne pepper
3 cups chickpeas, rinsed and drained
salt and ground black pepper.

2 garlic cloves, crushed
3 tablespoons tahini*
1 cup natural low-fat yoghurt

Puree all ingredients in a blender or food processor adjusting seasonings to taste.
Garnish with a sprinkle of paprika and chopped parsley to serve
1 serve = 1/3 cup = 1 unit fibre carbs, 1 unit fats

Yogurt and cucumber dip
1 ½ cups plain low-fat Greek-style yogurt
2 cloves garlic, crushed
2 medium cucumbers, peeled and grated (squeeze dry in paper towels)
2 tablespoons fresh mint, chopped
1 tablespoons fresh coriander, chopped
1 ½ teaspoons olive oil
In a serving bowl, combine the yogurt, garlic, cucumber, mint, coriander and oil. Cover
and refrigerate for 6 to 8 hours to allow the flavors to settle. Serve alongside falafel or
with toasted wholemeal pita bread triangles and vegetable sticks.
Serve = Eat modest amounts freely!

Eggplant Dip
2 large (1 kg) eggplants
2 tablespoons lemon juice
3 tablespoons extra virgin olive oil
1 teaspoon ground cumin

1 clove of garlic, crushed
2 tablespoons tahini*
1 pinch sea salt

Cut eggplant in half and cook on a heated grill plate (or barbecue) for about 35 minutes,
turning four times, or until skin is blackened and blistered and flesh is very soft. Cool
eggplant on a wire rack over a dish. Scrape eggplant flesh from the skin and discard
skin. Combine eggplant flesh in a large bowl with the remaining ingredients - whisk the
mixture until smooth. Serve dip with oven toasted pita/mountain bread and slivers of
capsicum, cucumber, carrot, radish, celery or snow peas. This recipe can be made a few
days ahead.
1 serve = ¼ cup = 1 unit fats.

*Tahini is a paste made from crushed sesame seeds, available from supermarkets and
health food shops.

20

Soups
Vegetables soups are a good way to increase your vegetable intake and some of these
recipes only count towards vegetable servings so can effectively be eaten freely. If you
like you could add extra canned beans or cooked lentils to boost the fibre and protein
content and make the soups more substantial. Black beans are the best beans of all for
fibre. Don’t forget to count extra beans towards your daily fibre carbohydrate or protein
allowances.
Pumpkin Soup
1 medium butternut pumpkin, peeled and cubed
½ cauliflower, roughly chopped
1 large onion
2 cloves garlic
1 litre chicken or vegetable stock
salt and black pepper

1 stalk celery, chopped finely
1 teaspoon ground cumin
1 teaspoon ground coriander
½ teaspoon ground nutmeg
extra hot water

Combine all the ingredients in a large pot. Ensure the vegetables are covered by the
liquid. Cover and cook until the vegetables are tender. Puree in a blender or food
processor then season with salt and pepper.
1 serve = 300 ml = ½ cup vegetables

Vegetable Soup
2 carrots, diced
1 onion finely chopped
1 litre vegetable stock
½ cup frozen green beans
1 cup diced green cabbage
¼ teaspoon dried oregano

2 sticks celery, finely chopped
2 cloves garlic, crushed
1 tin chopped tomatoes
½ cup courgettes, diced
½ teaspoon dried basil
salt and black pepper

In a large pot sprayed lightly with cooking spray, sauté the carrots, celery, onion and
garlic for about 5 minutes until tender. Add the remaining ingredients, bring to the boil
then simmer for 15 minutes. Season with salt and pepper to taste.
1 serve = 300 ml = ½ cup vegetables
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Black Bean Soup
Serves 2
1 teaspoon olive oil
2 cloves garlic, crushed
1 celery stick, sliced
½ teaspoon ground cumin
1 tin chopped tomatoes
3 cups chicken, or vegetable stock
juice of ½ a lemon

1 onion, chopped
1 fresh chilli, deseeded and chopped
1 large carrot, diced
½ teaspoon ground turmeric
1½ cups cooked black beans
fresh coriander, roughly chopped

Heat the oil in a pan. Add the onions, garlic, chili, celery and carrot and cook until
onion is soft. Add the cumin, turmeric, tomatoes, stock, half the coriander and the beans
and simmer for 20-30 minutes. Transfer 1 cup of beans and soup to a blender and puree,
then add it back in with the rest of the soup. Stir in the lemon juice and remaining
coriander and serve immediately with wholegrain bread.
1 serve = 1 unit beans and legumes, 1 unit high fibre carbs, ½ cup vegetables

Harira – Moroccan meat, bean and lentil soup
Serves 4
2 tablespoons olive oil
½ teaspoon ground turmeric
¼ cup chopped fresh coriander
1 large onion, chopped
2 large carrots, diced
1 tin chickpeas, drained and rinsed
Salt and ground black pepper

200 g lean lamb, cubed
½ teaspoon ground cinnamon
1/8 cup chopped fresh parsley
2 celery sticks, sliced
1 tin tomatoes, roughly chopped
50 g brown lentils
2½ cups water

Chopped fresh coriander, lemon slices and ground cinnamon to garnish
Heat the oil in a large pot and cook the lamb, turmeric, cinnamon, coriander, parsley
and onion over a moderate heat stirring for 5 minutes. Add the tomatoes and continue to
cook for 10 minutes. Rinse the lentils and add to the pot with the chickpeas and the
water. Bring to the boil, cover and simmer gently for 1 ½ hours. Season to taste and
serve garnished with the coriander, lemon slices and cinnamon.
1 serve = ½ unit lean protein, 1 unit beans and legumes, ½ unit vegetables, 1 unit fats
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Thai Lentil Soup
Serves 4
2 tablespoons Thai green curry paste
3 cups chicken stock
1 carrot, finely diced
1 courgette, finely chopped
1 tin black beans, drained and rinsed
200g prawns or cooked chicken
¼ cups coriander, chopped

1 tin crushed tomatoes
1 tablespoon fish sauce (optional)
1 cup mushrooms, sliced
100g dried red lentils
1 cup frozen green beans
½ cup lite coconut evaporated milk
drizzle of lemon or lime juice

Heat curry paste in a non-stick frying pan until fragrant, stirring. Add tomatoes, stock,
fish sauce, carrot, mushrooms and courgette. Bring to the boil and simmer for 5
minutes. Add lentils and return to the boil. Simmer uncovered for 10 minutes. Add
beans and prawns or chicken. Simmer the soup until the lentils are tender and the
prawns or chicken are heated through. Remove soup from heat and blend in the
evaporated milk. Serve with freshly chopped coriander and a drizzle of lemon or lime
juice.
1 serve = ½ unit lean protein, 1 unit beans and legumes, 1 unit high fibre carbs, ½ cup vegetables, 1 unit
fats.
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Salad and vegetables
Easy bean salad
Serves 2
1 cup salad greens
2 boiled eggs, peeled and chopped
1 tin mixed bean salad
2 tomatoes, chopped
1 capsicum (any colour), chopped
½ red onion, finely sliced
¼ cucumber, chopped
1 stick of celery, sliced
Using the above list of ingredients as a guide, gently mix ingredients together. You
might like to add other vegetables such as corn kernels, grated carrot, cauliflower pieces
and baby corn cobs. You could exchange the eggs for a small tin of tuna in spring water.
1 serve = 1 unit lean protein, 1 unit high fibre carbs, 1 ½ cups vegetables, 1 unit fat

Black Bean, Corn and Tomato Salad
Serves 4
¼ cup fresh lemon juice
salt and ground black pepper
3 cups cooked black beans
½ red onion, finely chopped
¼ cup fresh parsley or coriander, minced
8 lettuce leaves

2 tablespoons olive oil
2 cups frozen corn kernels
4 tomatoes, seeded and chopped
¼ avocado, chopped
1 teaspoon red chilli, minced

Combine lemon juice, oil and salt and pepper to taste in a jar with a tight fitting lid.
Shake well. Cook the corn in a microwave or steamer until heated through. Drain and
combine with remaining ingredients, except lettuce. Chill for a few minutes before
serving over lettuce leaves.
1 serve = 1 unit beans and legumes, 1 unit high fibre carbs, 1 cup vegetables, 2 units fats
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Tabbouli
Serves 6
1 cup bulgur wheat
¼ cup fresh parsley, roughly chopped
3 medium tomatoes, cubed
3 spring onions, trim and sliced
juice of 1 lemon
2 tablespoons olive oil

1¼ cups cold water
¼ cup mint, chopped
½ cup cucumber, cubed
2 cups cooked green lentils
2 garlic cloves, crushed
salt and ground black pepper to taste

Place bulgur in a large bowl; cover it with plenty of water and leave to soak for at least
30 minutes or overnight. Drain. Combine with all other ingredients and chill until ready
to serve.
1 serve = 1 unit high fibre carbs, ½ cup vegetables, 1 unit fats

Carrot and Apple Salad
Serves 4
3 large carrots, grated
2 spring onions, finely sliced
2 tablespoons fresh mint, finely chopped
1½ tablespoons lemon juice

1 large apple, grated
1 teaspoon fresh grated ginger
1 tin cannellini beans or chickpeas, rinsed
and drained
¼ teaspoon ground cumin

Place all ingredients in a salad bowl and toss well to make sure the lemon juice coats all
the apple and carrot to stop the apple from browning. Cover and chill.
1 serve = 1 unit fibre carbs, 1 cup vegetables

Spinach Salad
Serves 4
3 cups fresh baby spinach
1 medium cucumber, cubed
2 oranges, peeled and cubed
1 tin four bean mix, drained and rinsed
2 tablespoons fresh parsley, chopped

3 tomatoes, cubed
100 g feta cheese, crumbled
½ avocado, sliced
2 tablespoons light balsamic dressing

Place all ingredients in a bowl and toss well. Serve immediately.
1 serve = 1 unit high fibre carbs, 1 unit dairy, 1 cup vegetables, ½ unit fruit, 1 unit fats
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Baked Vegetables
Serves 8.
8 baby onions
4 beetroot, quartered
2 red and 2 green capsicum, seeded and quartered
16 baby carrots
16 baby turnips
olive oil spray
½ cup chicken stock.
Clean and dry vegetables and place in a roasting pan. Spray vegetables with olive oil.
Add stock and toss to coat thoroughly. Cover pan with foil, transfer to oven with roast
and bake for 30 minutes. Remove from oven and drain and reserve juices for gravy if
making a roast. Place vegetables back in oven for 15 minutes, or until lightly browned.
1 serve = 1½ cups vegetables.

Baked Mediterranean Vegetables
Serves 4
1 red capsicum, halved and seeded
1 yellow capsicum, halved and seeded
4 courgettes, finely sliced length-ways
1 eggplant, finely sliced
1 T olive oil
2 cloves garlic, crushed
2 red onions, finely sliced
4 tomatoes, diced
¼ cup mint, shredded
1 t dried basil
200g low-fat ricotta or cottage cheese
Heat oven to 180°C. Place capsicums in a baking dish and spray lightly with olive oil
spray. Roast 20 minutes then remove from oven, place in a plastic bag to cool slightly.
The remove skins and slice thickly. Pre-heat a grill plate or BBQ. Toss the eggplant and
courgettes in a bowl with half the olive oil. Grill until soft. Heat the remaining oil in a
non-stick frying pan. Add garlic and onion and sauté until soft. Arrange the vegetables
including the tomato and herbs in a non-stick baking dish and lightly season layers with
a little salt and black pepper. Crumble the ricotta over the top and bake for 30 minutes.
Cool for 10 minutes before serving.
1 serve = 1 unit dairy, 2 units vegetables, 1 unit fats.
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Low fat sauces
Yoghurt sauce
1 cup low-fat plain yoghurt
1 tablespoon chopped mint
½ clove garlic, crushed
2 teaspoons lemon juice
½ teaspoon ground cumin
Mix everything in a small bowl. Season with salt and pepper. Cover and refrigerate
before serving. Goes well with grilled lamb or chicken.
Optional: Turn this into tzatziki by adding 1 cup grated cucumber and ½ a finely diced
red onion
1 serve = 4 tablespoons.

Red Capsicum Pesto
2 red capsicums, halved and seeded
2 tablespoons olive oil
2 cloves garlic
50g parmesan cheese
2 tablespoons pine nuts or cashews
Place capsicums skin side up under a hot grill. Grill until skins blacken then remove and
place in a plastic bag or covered bowl. When cool remove and discard the skins. Blend
the capsicums with the rest of the ingredients in a food processor. Season with salt and
pepper to taste.
1 serve = 1 tablespoon = 2 units fat

Miso Sesame Sauce
1 teaspoon sesame oil
1 tablespoon red miso paste
1 teaspoon brown sugar
1 teaspoon grated fresh ginger
1 tablespoons lemon juice
½ cup vegetable stock
1 spring onion, finely sliced
1 small red chilli, finely sliced (optional)
Blend all ingredients in a bowl and blend. Drizzle over fish, chicken or salads.
1 serve = ¼ cup = 1 unit fats
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Light meals
Self-crusting quiche
Serves 4
1 large onion, chopped
1 tin butter beans, rinsed and drained
4 eggs
½ teaspoon baking powder
½ cup Edam cheese, grated

1 teaspoon oil
½ cup trim milk
⅓ cup stoneground wholemeal flour
1 cup whole kernel corn, drained
1 cup steamed broccoli, chopped

Optional
1 tomato, sliced
Preheat the oven to 210°C. Cook the onion in the butter until tender but not brown. Add
the beans and heat through. Mix milk, eggs, flour and baking powder until blended. Add
onion mixture, corn and cheese. Pour into a greased 23 cm flan dish. Top with tomato
slices if desired. Bake for 20-30 minutes until firm to the touch in the centre.
1 serve= ½ unit protein, 1 unit beans and legumes, ½ unit vegetables, 1 unit fats

Options: Exchange the vegetables with up to 2 C peas, asparagus, courgettes, capsicum
or sliced mushrooms.
Chilli Bean Burrito
Serves 1 for lunch
½ tin Mexican chilli beans
½ large wholemeal flatbread wrap
½ cup lettuce
1 chopped tomato

1 carrot, grated
60 g avocado
1 tablespoon grated edam cheese

Heat the chilli beans in a microwave on full power for 1½ minutes. Heat the tortillas for
approximately 30 seconds in a microwave. Place the beans mixture in the centre of each
tortilla, top with cheese, lettuce, tomato, carrot and avocado and roll up.
1 serve = 1 unit beans and legumes, 1 unit high fibre carbs, 1 cup vegetables, 1 unit fat
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Corn, Bacon and Vegetable Bread Cases
Serves 4
Bread Cases
8 thin slices wholegrain bread
Oil spray
Filling
½ medium red onion, sliced
½ red capsicum, diced
1 small zucchini, grated
⅓ cups low fat cottage cheese
2 teaspoons French onion soup powder
8 cherry tomatoes or 1 medium tomato

2 rashers lean bacon, chopped
2 medium eggs, lightly beaten
⅔ cups canned cream style corn
⅓ cups grated tasty cheese
a sprinkle of ground black pepper

Preheat the oven to 150°C (130°C fan bake). Lightly grease 8 large muffin tins. Remove
crusts from the bread and using a rolling pin roll each slice of bread until it is very thin.
Fit each slice of bread into the tins pressing into the edges and sides. Spray lightly with
oil and bake for 15 minutes. Remove from the oven and Cool.
Increase oven temperature to 180°C (160°C fan bake). Sauté the onion, bacon and
capsicum in a non-stick frying pan until cooked. Mix the onion mixture, grated
zucchini, corn, cottage and tasty cheese, soup powder and pepper with the eggs. Spoon
the mixture into the bread cases leaving a 1 cm gap from the top. Top each case with a
whole cherry tomato or slices of whole tomato. Bake 15-20 minutes until the egg
mixture is set and browned.
1 serve = 1 unit lean protein, 2 units high fibre carbs, ½ cup vegetables, 1 unit fats

Other fillings
Fill cases with mixtures of:
• Chilli beans, cooked mince, spring onion and cheese topped with salsa
• Fresh or tinned salmon, tinned cannellini beans, egg beaten with a little milk and
steamed spinach
• Steamed silverbeet, beaten egg, crumbled feta, cooked lentils, nutmeg, salt and
pepper
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Falafel
Serves 3
1 ½ cups dried chickpeas
¼ cup parsley, chopped
1 cup hot water
½ teaspoon baking soda
1 teaspoon ground cumin
1 tablespoon flour

1 onion, chopped
4 cloves of garlic, crushed
1 teaspoon vegetable stock powder
1 teaspoon ground coriander
Black pepper to taste
oil

Soak the chickpeas in plenty of water overnight. Drain. Place all ingredients except the
flour and oil in a blender and process until smooth. Place mixture in a bowl and leave to
chill for 30 minutes in the fridge until firm. Shape mixture into 12 patties and dust
lightly with flour. Heat a little oil (approximately 1 t) in a non-stick pan and fry, turning
frequently, until brown. Serve with green salad and salsa or yogurt dip and wholemeal
pita bread if desired.
1 serve = 1 units beans and legume, 2 units high fibre carbs, 2 unit fats

Lentil Dhal
Serves 4
1 tablespoon olive oil
1 tablespoon fresh ginger, minced
1 teaspoon turmeric, ground
4 cloves garlic, minced
1 tin chopped tomatoes
1 cup dried red or yellow lentils
1 tablespoon fresh cilantro, minced

1 cup onion, chopped
1 teaspoon cumin seed
2 cups cauliflower floret, chopped
2 ½ cups water
2 tablespoons fresh lime juice
¾ teaspoon salt

Heat olive oil in large saucepan over med-high heat. Add onion and next 5 ingredients
and cook for 2 minutes. Add cauliflower and tomato and cook 1 minute. Stir in water
and lentils and bring to a boil. Cover, reduce heat, and simmer 35 minutes or until
lentils are tender. Stir in lime juice, cilantro, and salt. Serve 1 cup lentil mixture with ½
cup cooked cracked or bulgur wheat, a slice of wholegrain toast or a wholemeal
chapatti.
1 serve with wheat/bread = 1 unit beans and legumes, 1 unit high fibre carbs, 1 unit vegetables, 1 unit fats
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Evening meals
Shepherd’s Pie
Serves 6
Topping:
500 g pumpkin
Filling:
400 g lean mince
2 tablespoons olive oil
2 large onions
2 tablespoons flour
1 red capsicum, diced
2 carrots, diced
2 celery stalks, finely chopped

500 g kumara
1 teaspoon paprika
1½ cups beef stock
3 cups cooked red kidney beans
1 teaspoon dried oregano
2 tablespoons chopped parsley
2 tablespoons tomato paste

Peel the pumpkin and kumara. Cook until tender in salted, boiling water. Drain and
mash.
Heat the oil in a frying pan and brown the mince. Add the onions and cook until
softened. Add the flour then cook for another minute. Add the remaining ingredients
and stir until well mixed. Cook over medium heat for 20 minutes.
Spray an oven-proof casserole dish with non-stick cooking spray. Tip in the mince and
bean mixture. Spread the pumpkin and kumara mash evenly over the top and sprinkle
with cheese. Bake for 30 minutes at 180°C until the top is golden brown.
1 serve = 1 unit lean protein, 1 unit beans and legumes, 2 units high fibre carbs, ½ cup vegetables, 1 unit
fats
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Lentil cutlets
Serves 6
1¼ cups dry brown or green lentils
2 cups rolled oats
4 tablespoons tahini paste
½ teaspoon salt
½ cup chopped fresh parsley
1 tablespoon olive oil

½ cup finely chopped celery
2/3 cup trim milk
4 egg whites
1 teaspoon soy sauce
1 teaspoon dried mixed herbs
500g jar oven-roasted garlic and tomato
pasta sauce

Preheat the oven to moderate, 180°C. Rinse the lentils under cold running water. Tip
into a pot and cover with water. Boil for 3 minutes, then reduce heat and simmer for 3040 minutes until lentils are tender. Drain. Combine the cooled, cooked lentils, celery,
oats, milk, tahini, eggs whites, salt, soy sauce, parsley and mixed herbs. Let stand for 10
minutes and allow the rolled oats to swell. Heat a little olive oil in a non-stick pan. Cook
tablespoonfuls of the mixture for 2 minutes on each side, or until golden. Drain on paper
towels. Arrange the cutlets in a single layer in a baking dish. Pour over the pasta sauce
and bake for 30 minutes until heated through.
1 serve = ½ unit lean protein, 1 unit beans and legumes, 2 units high fibre carbs, ¼ cup vegetables, 2 units
fats.

Easy Beef Stir-fry
Serves 2
400g lean beef (schnitzel or rump), cut across the grain into thin strips
Dash oil
2 teaspoons garlic
1 teaspoon minced ginger
1 onion, peeled and thinly sliced
3 cups prepared vegetables, e.g. capsicums, mushrooms, corn, broccoli
2 spring onions, finely sliced
100g mung bean sprouts
2 Tbsp sweet chilli sauce or other stir-fry sauce of your choice
Heat the oil in a frying pan or wok and brown the beef in 2-3 batches over a high heat.
Do not overcook. Remove from the pan and cook the garlic, ginger and onion for 1-2
minutes. Add the vegetables and stir-fry until crisp and tender. Return the beef to the
pan with the spring onions and bean sprouts if using, and add the sweet chilli sauce.
Toss well until hot through. Serve on 100g cooked bulgur wheat.
1 serve = 2 units lean protein, 2 units high fibre carbs, 2 cups vegetables, 1 unit fats

32

Lamb and prune casserole on bulgur wheat
Serves 4
1 teaspoon chilli powder
¼ teaspoon turmeric
½ teaspoon ground coriander
2 tablespoons olive oil
2 onions, finely chopped
2-4 cloves garlic, crushed
½ cup red lentils

2 cups beef stock
400 g lean lamb, cubed
2 carrots, roughly chopped
½ cup prunes
1 cinnamon stick
2 tablespoons parsley, finely chopped

Slow Cooker Method
Mix the spices, garlic and olive oil in a plastic bag. Add the lamb or beef, toss to coat
and marinate in the fridge for 1-2 hours or overnight. The next day, combine all
ingredients in slow cooker. Cover and cook on low 5 to 6 hours.
Oven Casserole Method
Mix the spices, garlic and olive oil in a plastic bag. Add the lamb, toss to coat and
marinate in the fridge for 1-2 hours or overnight.
Preheat the oven to 160°C. In a flame-proof casserole dish, sauté the onion and carrot in
a little olive oil for 3-4 minutes until soft. Remove and set aside. Add the lamb or beef
and brown on both sides. Return the onions and carrot to the pan along with the stock,
prunes, lentils, bay leaves and cinnamon stick. Cover and cook for 1½ - 2 hours until
the meat is tender. Season with salt and pepper and sprinkle over the parsley and toasted
almonds.
1 serve = 1 unit lean protein, 1 unit beans and legumes, 2 units high fibre carbs, 1 unit fruit, 2 unit fats

Bulgur Wheat
1 cup bulgur wheat or cracked wheat
boiling water
salt
In a large bowl, pour boiling water over the bulgur wheat. Add ½ - 1 teaspoon of salt if
desired. Leave to stand for 20-30 minutes until tender.
1 serve = 50g = 1 unit high fibre carbs
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Nam Jim Prawns
Serves 4
4 coriander roots (approx 12 g)
½ teaspoon salt
5 cloves garlic,
20 grams ginger, sliced into thin strips
5g green chilli, sliced
5g red chilli, sliced
60 g brown sugar or palm sugar
4 teaspoon fish sauce
4 tablespoon lime juice
1 tablespoon oil
400 g uncooked, frozen prawns (defrosted)
1 onion, diced
1 cup pumpkin, Sliced on an angle
4 cups of a mixture or broccoli, cauliflower, carrots and green beans
Half a red capsicum, sliced
Half a green capsicum, sliced
1 cup cooked black-eyed beans
fresh coriander to garnish
Nam Jim sauce: Pound the garlic, coriander root & salt to a paste in a mortar with a
pestle (or crush in a small bowl with the back of a sturdy spoon). Add the chillies and
pound a little more. Be careful - the more the chilli is pounded the hotter the sauce will
be. Heat the sugar with a tablespoon of water until the sugar dissolves and bubbles. Add
garlic, coriander root and chilli sauce, the ginger and the onion. Add fish sauce & lime
juice and remove from heat. Add more fish sauce, lime juice, sugar to taste, if
necessary.
Heat the oil in a wok and cook the prawns until just cooked and golden. Remove the
prawns and strain. Add a little more oil if necessary and cook the kumara, onion and the
vegetables until tender. Add the black eye beans and heat through. Add the prawns and
nam jim sauce.
Serve with approx 1/3 cup of cooked bulgur wheat or crack wheat per person and
garnish with fresh coriander.
1 serve = 2 units lean protein, 2 units high fibre carbs, 1½ cups vegetables, 1 unit fats
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Fish Pie
Serves 4
300g Orange Kumara, peeled, cut into 3cm pieces.
300g Potatoes, peeled, cut in 3cm pieces
2 Cups Trim Milk
4 teaspoons Canola Oil
4 teaspoons White Flour
1 tablespoon Cornflour
1 teaspoon Chicken Stock powder,
400g Smoked Hoki Fillets, cut into chunks
Cooking spray
2 Brown onions, chopped
2 Courgettes, chopped.
1 cup Peas, frozen
500g cooked white beans (e.g. Cannellini Beans), rinsed and drained
Chicken Stock Cube, crumbled
Sweet Paprika
Preheat oven to 200°C. Place potato in a heatproof, microwave-safe bowl. Cover and
microwave on HIGH (100%) for 5 – 7 minutes. Add the kumara and cook for another 5
- 7 minutes or until tender. Mash until smooth. Add 2 Tbsp of milk per portion and mix
well.
Heat the oil then add flour and cook for 2 minutes. Stir in milk gradually to make a
white sauce. Mix cornflour with a little water, and stir into the white sauce. Bring sauce
up to boil (to thicken cornflour), turn off heat and set aside.
Lightly spray a non-stick saucepan with oil and sauté fish until just cooked. Set aside
and reserve the any liquid stock left-over. Lightly spray the saucepan again. Cook onion
over medium heat for 5 minutes or until soft. Add cannellini beans, courgettes, reserved
liquid stock, and stock cube and bring to the boil. Remove from the heat, and stir
vegetable mix and peas through white sauce until well combined. Flake fish and gently
stir through the mixture. Put mixture into an ovenproof dish. Cover with mashed
Kumara and sprinkle with Sweet Paprika. Bake for 20-25 minutes, or until heated
through.
1 serving = 1 unit lean protein, 1 unit beans and legumes, 1 unit high fibre carbs, ½ unit dairy, ½ C veges,
1 unit fats
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Spiced Chicken Meatballs in Split Pea Pilaf
Serves 4
2 slices stale wholegrain bread
1 egg
¼ t ground ginger
¼ t allspice
¼ C fresh parsley, chopped
1 onion
3 cups chicken stock
1 T chives, chopped
Salt to taste

400g chicken tenderloins
1 t ground cinnamon
¼ t ground nutmeg
1 t salt
2 t olive oil
300g yellow split peas
1 tin apricots in natural juice, drained
1 T fresh mint, chopped

Meatballs
Process the bread in a food processor to make breadcrumbs. Add the chicken
tenderloins and process until the mixture is smooth in consistency. Add the egg, spices,
about 1 teaspoon of the salt and half the chopped parsley. Knead mixture with hands
until it is smooth. Wet hands and form mixture into large meatballs. Cook over medium
heat in a non-stick frying pan lightly sprayed with cooking spray until cooked through
(about 10 minutes).
Split Pea Pilaf
In large soup pot, warm olive oil over medium heat. Stir in onion and cook until
softened (about 5 minutes). Stir in split peas, chicken stock and apricots. Gently stir in
meatballs. Increase heat to high; bring stock to a boil then cover pot and reduce heat to
low. Simmer for 30 minutes, until split peas are tender. Stir in remaining parsley,
chives, mint, salt and pepper.
Serve meatballs on top of split pea pilaf.
1 serving = 1 unit lean protein, 1 unit beans and legumes, 1 unit high fibre carbs, ½ unit fruit, 1 unit fats
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High Fibre Meat Loaf
Serves 4
300g lean mince
120 g rolled oats, finely ground
240g pinto beans, drained, rinsed and mashed
1 1/3 cups red lentils, cooked
2 onions, quartered
2 eggs
½ cup barbeque sauce
¼ cup commercial pasta sauce
Preheat the oven to 180°C. In a food processor, finely chop the onion. Add the eggs and
BBQ sauce and blend thoroughly. Add the mince, rolled oats, pinto beans and lentils to
the food processor in small batches until everything is thoroughly blended. Spray a loaf
tin in non-stick spray or line with baking paper. Fill with the meatloaf mixture and bake
for 60 minutes until 75°C in the centre of the loaf. Serve with 1/4 cup of pasta sauce.
1 serving = 1 unit lean protein, 1 unit beans and legumes, 2 units high fibre carbs, ½ C veges

Vegetarian Chilli Beans
Serves 4
2 onions, chopped
1 t garlic, minced
1 t ground coriander
½ tin black beans
½ cup salsa
1 T brown sugar
200g bulgur, cooked

1 green capsicum, chopped
1 t ground cumin
1 tin red kidney beans
½ tin pinto beans, rinsed and drained
2 tins tomatoes, diced
1 t cocoa
Fresh coriander, finely chopped

Spray large saucepan with cooking spray; heat over medium heat until hot. Cook
onions, capsicum, garlic and spices for 5 minutes until soft. Add remaining ingredients
and bring to the boil. Reduce heat, cover and simmer for 20 to 30 minutes. Serve each
portion with 50g bulgur wheat and sprinkle with coriander leaves.
1 serving = 1 unit beans and legumes, 1 unit high fibre carbs, 1 C veges, 1 unit dairy,

Beef Chilli Beans
To the above recipe, add 400g very lean beef strips that have been lightly browned in 2t
oil.
1 serving = 1 unit lean protein, 1 unit beans and legumes, ½ unit high fibre carbs, 1 C veges, ½ unit fats
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Ginger Chicken and Beans
Serves 4
400g chicken breast fillet
1 T olive oil
1 red capsicum, sliced
2 t fresh ginger, minced
2t flour
¼ t ground cumin
¼ t ground black pepper
1 tin pinto beans, rinsed, drained
¾ C chicken stock

1 T flour
2 onions, chopped
1 green capsicum, sliced
2 cloves garlic, minced
½ t ground allspice
1/8 t ground nutmeg
1 tin red kidney beans, rinsed, drained
1 tin chickpeas, rinsed, drained
¼ C parsley, finely chopped

Cut chicken into strips; coat lightly with flour. Cook chicken in oil in large heavy-based
frying-pan until brown on all sides (8-10 minutes) then remove. Drain excess fat from
frying-pan, add onions, capsicums, ginger and garlic, and sauté 2-3 minutes. Stir in 1
tablespoon flour, spices and pepper and continue to sauté until onions are tender, (about
2-3 minutes). Stir beans and chicken stock into frying pan. Add chicken breasts and heat
to boiling. Reduce heat and simmer, covered, until chicken is cooked through (about 20
minutes). Stir through the parsley and season with salt and black pepper.
1 serving = 1 unit lean protein, 1 unit beans and legumes, 1 unit high fibre carbs, ½ C veges, 1 unit fats

Moroccan Koftas
Serves 4
400g very lean mince
4 t garlic, crushed
4 t oil
250g golden kumara, finely diced
2 tins Baked Beans
2 t ground coriander
Salt and pepper

2 t ginger, minced
2 T fresh coriander, finely chopped
2 onions, sliced
2 tins chopped tomatoes
2 t ground cumin
1 t ground cinnamon

In a bowl mix together mince, ginger, half the garlic and half the coriander. Use wet
hands to roll the mince mixture into walnut sized balls. Heat the oil in a deep, lidded
frying pan and brown the meatballs. Set aside. Gently cook the onion, the rest of the
garlic and kumara until tender and golden in the frying pan. Add the spices and cook for
about 1 minute until fragrant. Add the tomatoes and baked beans and stir to combine.
Return the meatballs to the frying pan (with the baked bean mixture), cover and simmer
gently for 15-20 minutes until tender and heated to 75ºC. Season with salt and pepper,
and stir through the remaining coriander.
1 serving = 1 unit lean protein, 1 unit beans and legumes, ½ unit high fibre carbs, 1 C veges, 1 unit fats
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Layered Vegetarian Pasta Bake
Serves 4

100g whole-wheat pasta shapes
400g eggplant, sliced
2 courgettes, sliced
2 t olive oil
2 onions, sliced
½ C pasta sauce
80g Edam cheese, grated

2 red capsicums, quartered
400g unpeeled kumara, sliced
2 tins red kidney beans, drained
3 cloves garlic, finely chopped
1 tin chopped tomatoes
2T fresh basil, finely shredded
100g reduced-fat ricotta cheese

Cook the pasta in plenty of salted boiling water. Drain and set aside. Pre-heat oven to
200°C. Place capsicum pieces, eggplant, kumara and courgettes under the grill. Cook
for 3-5 minutes each side or until soft. Chop the grilled vegetables into small chunks
and mix together in a bowl. Heat oil in a medium saucepan. Add garlic and onion and
sauté 2-3 minutes. Add tomatoes, pasta sauce and beans and cook for 15 minutes until
heated through. Stir in the basil and cooked pasta. Place half of the pasta mixture in a
large casserole dish. Top with grilled vegetables then remaining pasta. Sprinkle with
and ricotta and top with grated cheese. Bake for 15 minutes until golden.
1 serving = 1 unit beans and legumes, 2 units high fibre carbs, 1 unit dairy, 1 C veges, 1 unit fats

Layered Pasta and Mince Bake
Add 400g cooked very lean mince to the tomato mixture as per the above recipe.
1 serving = 1 unit lean protein, 1 unit beans and legumes, 2 units high fibre carbs, 1 unit dairy, 1 C veges,
1 unit fats
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Chickpea Stew
Serves 4
1 tablespoon olive oil
1 red onion, finely sliced
3 garlic cloves, finely sliced
2 teaspoons freshly grated ginger
1 or 2 green chillies, to taste, seeded and finely chopped
1 tsp sea salt
2 x 400g tins of chickpeas, drained
80ml water
1 tsp cumin
1 tsp turmeric, optional
Freshly ground black pepper
500g cherry tomatoes
100g frozen or fresh spinach leaves
Salt and freshly ground black pepper
Heat a large deep, non-stick frying pan over a medium to high heat. Add the oil, onion,
garlic, ginger, chillies and salt and cook for five minutes (or until the onions are soft)
being careful to stir regularly. Add the chickpeas, 80ml water, cumin, turmeric and
pepper and cook for five minutes or until the water evaporates. Add the tomatoes and
cook for another two minutes to soften. Remove from the heat and season with salt and
pepper. Stir through the spinach.
Serve with 1 T plain non-fat yogurt, a sprinkle of paprika and 1 toasted wholemeal pita
bread.
1 serving = 1 unit beans and legumes, 1 C veges, 1 unit fats
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Lentil and Vegetable Stew
Serves 4
Half large eggplant
2 zucchini
1 red and 1 yellow capsicum
1 large onion, chopped
¼ t cayenne pepper
½ cup bulgur or cracked wheat
3 cups water
1 T dried mint

½ t salt
2 carrots
2 T olive oil
1 T paprika
1 cup dry red lentils
4 cups vegetable or beef stock
2 T tomato paste
Juice of 1 lemon

Cut eggplant into 2cm thick slices. Sprinkle both sides with salt; let stand in bowl until
beads of moisture appear on cut surfaces (about 30 minutes). Pat dry with paper towels.
Cut eggplant, zucchini, carrots and peppers into 1-inch (2.5 cm) chunks. In a large pot,
heat oil over medium-high heat; fry onion until beginning to turn golden, about 4
minutes. Add eggplant, zucchini, carrots, peppers, paprika and cayenne. Sauté until
eggplant is almost tender(about 10 minutes). Add lentils and bulgur and cook, stirring,
for 2 minutes. Add stock, water and tomato paste; bring to boil. Reduce heat, cover and
simmer for about 1 hour until lentils are very soft. Add dried mint and lemon juice.
Garnishes: Ladle stew into bowls and top with lemon slices and fresh mint. Sprinkle
with paprika.
1 serving = 1 unit beans and legumes, 1 unit high fibre carbs, 1 C veges, 1 unit fats

Black Bean Burgers
Serves 4
1 onion, diced
500g black beans (2 tins, drained)
½ cup stoneground whole-wheat flour
2 slices wholegrain bread, in breadcrumbs
1 t crushed garlic
1 t mushroom or bacon stock powder
freshly ground black pepper to taste
3T oil (for frying)
In a non-stick frying pan lightly sprayed with cooking oil, sauté the onion till soft, about
3-5 minutes. In a large bowl, mash the beans until almost smooth. Add onions and the
rest of the ingredients, except the oil, adding the flour a few tablespoons at a time to
combine well. With wet hands form the mixture into patties, approximately 1.5 cm thick
and fry in a small amount of oil until slightly firm.
Use as a substitute for hamburger patties.
1 serving = 1 unit beans and legumes, 1 unit high fibre carbs, 2 units fats
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Weekly meal planners
Week 1
Breakfast

Monday

1/2 cup of natural
muesli with 200g of
low fat yogurt
I serving of fruit
Breakfast

Tuesday

1 weet-bix with 15g
San-bran and 1 cup
of trim milk
1 slice wholegrain
toast with 1 t spread
1 serving of fruit
Breakfast

Wednesday

1/2 cup of natural
muesli with 1 cup
milk
1 serving of fruit
Breakfast

Thursday

1 weet-bix with 15g
San-bran and 1 cup
of trim milk
1 slice wholegrain
toast with 1 t spread
1 serving of fruit
Breakfast

Friday

Saturday

Sunday

Lunch
1/2 tin bean salad
with 25g feta
cheese and plenty
of vegetables
2 slices wholegrain
bread with 2t light
spread
1 serving of fruit
Lunch
Chicken sandwich:
1t pesto, 100g lean
chicken and 1 C
salad on 2 slices of
wholegrain bread.
Lunch
100g cottage cheese
with tomato,
capsicum, lettuce
and hummus on 4
Ryevita
1 serving of fruit
Lunch
1/2 tin of baked
beans mixed with
1/2 cup corn
1 slice of
wholegrain toast
with 2t lite
margarine
1 serving of fruit.
Lunch

1/2 cup of natural
muesli with 1 cup
milk
1 serving of fruit

Tuna salad
1 slice wholegrain
bread with 1 t
spread
1 serving of fruit

Breakfast
2 eggs with sautéed
tomato, mushrooms
and courgettes
1 slice of
wholegrain toast
with lite margarine
Breakfast

Lunch
Bowl of farmhouse
vegie soup
25g edam cheese on
2 slices wholegrain
toast
1 serving of fruit
Lunch

Bowl of wholegrain
porridge with 1 cup
of trim milk
1 serving of fruit

Chickpea stew
1 wholemeal pita,
toasted

Dinner

Additional

Moroccan lamb
with 2/3 cup bulgur
pilaf
2 cups steamed
broccoli, cauli,
green beans and
carrots.

Trim milk coffee or
hot chocolate

Dinner
Vegetarian chilli
beans on 2/3 cup
cooked bulgur
wheat with 25g
edam cheese and 1T
guacamole
1 cup of salad veges

Additional

Dinner

Additional

High fibre meat loaf
2 cups steamed
veges

1 cup of light
vegetable soup
1 slice wholegrain
toast and 1 t spread

Dinner

Additional

Ginger chicken and
beans
1 cup salad with
low-fat French
dressing

Vegetable sticks
with a little yogurt
dip
1 indulgence option

Dinner
Black bean burgers
with low-fat cheese,
salad greens,
beetroot, tomato,
relish and 2 slices
of wholegrain bread
Dinner

200g low-fat
custard and 1
serving of fruit

Additional

200g low-fat fruitflavoured yogurt

Additional

Layered pasta bake
1 cup salad with
low-fat dressing
1 glass wine or 20g
chocolate

Trim milk coffee or
hot chocolate

Dinner

Additional

Thai chicken curry
on wholegrain
couscous
1 C fresh pineapple

I diet dairy-based
dessert e.g. Weightwatchers ice-cream
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Week 2

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Breakfast
1/2 cup of natural
muesli with 1 pottle
of low fat yogurt
1 serving of fruit

Lunch
1/2 tin bean salad
with 25g feta
cheese and plenty
of vegetables
2 slices wholegrain
bread with 2t light
spread
1 serving of fruit
Lunch
Raw vegetables and
2 slices wholegrain
toast with egg-plant
dip
1 low-fat fruit
yogurt and fresh
fruit

Dinner
Moroccan koftas
2 cups steamed
broccoli, cauli,
green beans and
carrots.

Additional
Trim milk coffee or
hot chocolate

Dinner
Beef chilli beans on
2/3 cup cooked
bulgur wheat with
25g edam cheese
and 1T guacamole
1 cup of salad
veges

Additional
1 indulgence option

Breakfast
1/2 cup of natural
muesli with 1 cup
milk
1 serving of fruit

Lunch
100g cottage cheese
with tomato,
capsicum, lettuce
and hummus on 4
Ryevita
1 serving of fruit

Dinner
Spiced chicken
meatballs
2 cups steamed
veges

Additional
1 cup of light
vegetable soup
1 slice wholegrain
toast and 1 t spread

Breakfast
1 weet-bix with 15g
San-bran and 1 cup
of trim milk
1 slice wholegrain
toast with 1 t spread
1 serving of fruit

Lunch
2/3 C bulgur wheat
with 1/2 cup mixed
vegetables, 1/2 cup
of pasta sauce and
25g grated edam
cheese

Dinner
Nam Jim Prawns on
1/3 C wholegrain
rice
1 cup bean sprout
salad with low-fat
Thai-style dressing

Additional
1 serving of fruit

Breakfast
1/2 cup of natural
muesli with 1 cup
milk
1 serving of fruit

Lunch
Tuna salad
1 slice wholegrain
bread with 1 t
spread
1 serving of fruit

Dinner
Black bean burgers
with low-fat cheese,
salad greens,
beetroot, tomato,
relish and 2 slices
of wholegrain bread

Additional
200g low-fat fruitflavoured yogurt

Breakfast
2 eggs with sautéed
tomato, mushrooms
and courgettes
1 slice of
wholegrain toast
with lite margarine

Lunch
Bowl of Harira
soup
2 slices wholegrain
toast
1 serving of fruit

Dinner
Fish Pie
2 cups salad with
low-fat dressing
1 glass wine or 20g
chocolate

Additional
Trim milk coffee or
hot chocolate

Breakfast
Bowl of wholegrain
porridge with 1 cup
of trim milk
1 slice wholegrain
toast with 1 t spread
1 serving of fruit

Lunch
100g roast meat
with non-fat gravy
1 C TWD baked
vegetables
1/2 C peas
1 med baked potato
(skin on)

Dinner
Lentil and
vegetable stew on
1/3 c wholegrain
couscous
1 slice wholegrain
bread

Additional
I diet dairy-based
dessert e.g. Weightwatchers ice-cream
and 1 cup fruit

Breakfast
1 weet-bix with 15g
San-bran and 1 cup
of trim milk
1 slice wholegrain
toast with 1 t spread
1 serving of fruit
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General meal planner

Monday

Breakfast
1 serve breakfast
cereal
1 unit high fibre
carbs
1 unit of dairy
1 unit of fruit

Lunch
1 unit of dairy
3 units high fibre
carbs
1 cup vegetables
1 unit fat
1 unit of fruit

Snack
1 cup low-calorie
soup per day
(optional)
2 indulgence foods
or 2 glasses wine
per week

Lunch

Dinner
100g lean protein
1 unit beans and
legumes
1 unit high fibre
carbs
1 1/2 cups
vegetables
2 units fats
Dinner

Breakfast

Breakfast

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Snack

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday
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Blank meal planner
Breakfast

Lunch

Dinner

Additional

Breakfast

Lunch

Dinner

Additional

Breakfast

Lunch

Dinner

Additional

Breakfast

Lunch

Dinner

Additional

Breakfast

Lunch

Dinner

Additional

Breakfast

Lunch

Dinner

Additional

Breakfast

Lunch

Dinner

Additional

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

\
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Daily Trackers

Fibre Counter
WHOLEGRAINS AND CEREALS
Bread
Wholemeal pasta (1/2 cup)
Brown rice- cooked (1/3 cup)
Kibbled wheat – (1/3 cup cooked or 30g dry)
Wholegrain wheat – (1/3 cup cooked or 30g dry)
Bulgur wheat – (1/3 cup cooked or 30g dry)
Pearl barley – (1/3 cup cooked or 30g dry)
Ryvita crackers (2)
Weet-Bix (1)
San-Bran or All-Bran (30g)
San-Bran or All-Bran (20g)
Oat bran (40g)
Wholegrain oats (30g)
Sultana bran (45g or 3/4 cup)
Natural muesli (40g)

LEGUMES AND NUTS
Black beans (1/3 cup)
Black beans (120g)
Red kidney, haricot beans (1/3 cup)
Red kidney, haricot beans (120g)
Butter beans (1/3 cup)
Butter beans (120g)
Baked beans (1/3 cup)
Baked beans (120g)
Other beans (1/3 cup)
Other beans (120g)
Chick peas (1/3 cup)
Chick peas (120g)
Lentils (1/3 cup)
Lentils (120g)
Nuts (7g)

Fibre (g)
2
3
1
3.5
4
4
2
2
3
10
7
5
3
7
4

Fibre (g)
5
9
4
7
1
2
5
7
3
6
2
4
1
2
0.5
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FRUIT
Apple
1/2 Banana
Grapes (1cup)
Orange
Peach
Berries (1 cup)
Kiwifruit (2 small)
Pear
Mandarin (2 small)
Pineapple (1 cup chopped)
Dried fruit (30g)
Prunes (3)
Canned fruit in juice (1 cup)
Other fruit

VEGETABLES
Beans (1/2 cup)
Broccoli (1/2 cup)
Cabbage (1/2 cup cooked)
Carrot (1/2 cup)
Cauliflower (1/2 cup)
Corn (1/2 cup)
Kumara (1 or 110g)
Lettuce (1 cup)
Peas (1/2 cup)
Potato (with skin)
Pumpkin (1/2 cup)
Spinach- raw (1 cup)
Other vegetables

Fibre (g)
3
1
1
2
2
3
2
3
2
2
2
3
2
1

Fibre (g)
2
3
1
2
1
2
3
1
3
4
1
1
1
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The “High Protein” Diet

Department of Human Nutrition
University of Otago, PO Box 56, Dunedin
Contacts:Lisa Te Morenga & Megan Levers
Ph: (03) 479-3978
Email: ir.diet@stonebow.otago.ac.nz

The High Protein Diet
High protein weight-loss diets are currently popular because they can help to keep
you feeling satisfied for longer, and less likely to need to grab a snack a few hours
after meals. Some studies have found that they can increase the amount of fat lost
compared to conventional diets. A number of health benefits relating to risk of
heart disease appear to be related to this increased fat loss.
On this diet you will increase the amount of protein you eat while trying to lose
weight. If your diet is currently typical of the average New Zealander you will
increase your protein by 50%. You will do this by eating more lean protein foods
including meat, fish, chicken and eggs. To lose weight this means you will have to
cut back on breads, cereals and starchy foods such as rice, potatoes, pasta and
biscuits as well as minimizing fatty and oily foods.
In this recipe booklet you will find some ideas for making high protein meals and
snacks. We will be providing you with lean meat portions to help you to include
lean protein foods in both you midday and evening meals.
Remember for evening meals eat a large protein serving of about 200g. Try to
include fish at least 2 times per week and chicken at least once per week. At lunch
times you need to include at least 100g of lean protein. Salads and sandwiches
including canned fish and chicken, cold meats and eggs are easy lunch-time
options.
The protein you eat must be lean! Skin must be removed from chicken and fish.
Trim visible fat off cuts of meat and choose premium mince, or brown cheaper
mince then pour off the fat before continuing cooking. Avoid sausages, salami,
kranskys, crumbed chicken and fish items from the freezer section of the
supermarket, nuggets, pre-made hamburger patties and rissoles as these are all
high in fat.
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Following the Diet
Lean Protein Foods
Protein-rich foods such as meat, fish, chicken and tofu provide essential amino
acids necessary for creating, maintaining and renewing your body tissues,
hormones and enzymes. Protein-rich foods will help you to feel satisfied for
longer, help control your blood fats and provide you with many important
nutrients such as iron, zinc, and many other minerals and vitamins. As protein-rich
foods often come packaged with fat it’s important to choose low-fat protein foods
or to trim visible fats like skin and rinds off.
You must eat three lean protein units every day.
• We recommend you have two units of lean protein at your evening meal and
one unit at lunchtimes.
• You may also replace lunchtime protein unit with an extra unit from the dairy
group.
One unit (approx 500-600kJ) is equivalent to:
• 100g (raw weight) lean meat, chicken or fish.
• 100g lean ham, sliced chicken or turkey
• 100g tinned fish or tinned chicken
• Two eggs (not more than 4 times per week)
• 200g tofu or vegetarian protein.
• 30g whey protein supplement or powder (see over)
Best choices:
• Lean cuts of meat, trimmed of visible fat
• Chicken with the skin removed
• Lean meats cooked by stir-fry, grill, microwave, or roasted on a rack.
• Tinned fish or chicken in spring water
Avoid: (ALL high-fat protein foods)
• Processed meat such as sausages, luncheon, salami and meat patties.
• Meat pies
• Streaky bacon and fried eggs
• Canned corned beef
• Deep fried and battered meat, chicken or fish.
• Pork crackling
• Fish canned in oil or non-light flavourings.
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Protein Powder
30g = one unit lean protein.
You will be provided with some protein powder made from concentrated whey
proteins from cow’s milk. It is unflavoured but it can be blended with a glass of
trim milk (from your daily milk and dairy allowance) and some sort of fruit and/or
flavouring to make a protein smoothie. Suggested fruits and flavourings include
banana, tinned peaches, frozen berries, vanilla essence, a little chocolate syrup or
artificial sweetener. You can also add it to your breakfast cereal or use it to make
berry ice-cream (see the recipe section of this booklet).

Milk and Dairy Products
Milk and dairy products are a good source of protein and an important source of
calcium - necessary for bone health and preventing osteoporosis. If you are
drinking soy or rice milk, choose one that is fortified with calcium.
Choose 2 units of milk and dairy products each day
One unit (approx 450 kJ) is equivalent to:
• 200g yogurt or dairy food
• 25g cheddar (i.e. Tasty, Mild, Colby)
• 30g Edam, camembert, brie, blue vein or feta cheese
• 50g Greek-Style yogurt
• 100g cottage cheese or ricotta
• 120g low-fat cottage cheese
• 250ml milk
Best choices:
• Trim, calci-trim or sun-latte milk
• Lite evaporated milk
• Low-fat yoghurt
• Cottage cheese
• Low-fat cheese singles.
• Lite cream cheese
Avoid:
• Blue top and full cream milk
• Condensed milk
• High fat fromage frais
• Double-cream cheeses
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Carbohydrate Foods
Breads, cereals, potatoes, kumara, beans and legumes provide carbohydrates - the
fuel that keeps you going. In the stomach they get broken down into glucose,
which provides energy for your muscles and brain. They are also an important
source of dietary fibre, to keep your digestive system healthy and regular and
provide many vitamins and minerals.
Choose 3 units of carbohydrates each day.
Try to choose wholegrain or wholemeal over white varieties to ensure you are
getting adequate dietary fibre.
One unit (approx 450 kJ) is equivalent to:
• 1 slice of toast bread or a small roll
• 2 crispbread e.g. Ryevita
• 1 pita pocket, tortilla, or ½ of a large wrap
• 1/3 cup cooked rice or noodles
• 1/2 cup cooked pasta
• 1 cup or 45g high-fibre breakfast cereal
• ½ cup or 45g muesli or rolled oats
• 1/3 cup baked beans, cooked lentils or other legumes.
• 1 medium potato, piece of kumara or taro (150g)
• 1 low-fat, heart-tick muesli bar
Best Choices:
• Wholegrain or wholemeal breads
• High fibre cereals, muesli and All Bran/San Bran
Avoid:
• High sugar cereals such as Ricies and Coco-pops
• Toasted muesli
• Croissants and pastries.
• High fat crackers such as Snax, Shapes, Sommerset and cream crackers.
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Vegetables
Vegetables provide lots of goodies including fibre, vitamins and minerals,
antioxidants. They also add variety to meals in terms of flavour, colour and
texture. Except for potatoes, kumara, taro and avocado - vegetables are low in fat
and energy and you can as much of them as you like.
Eat at least 2½ cups of vegetables each day (5 half-cup units).
Try to include at least ½ cup of raw salad as part of this total.
Potatoes, kumara and taro are included in your carbohydrate allowance, and
avocado is included under the fats and oils allowance. These vegetables cannot be
eaten freely!
One half-cup unit is equivalent to:
• ½ cup cooked, chopped vegetables
• 1 large carrot
• 2 medium tomatoes
• ½ cup of canned tomatoes or low-fat pasta sauce
• ½ cup of raw salad vegies
Best choices:
• Raw vegetables
• Frozen vegetables
• Tinned vegetables or beans.
• Vegetables cooked by boiling, microwaving, stirfrying or steaming.
Avoid:
• Deep fried vegetables
• Vegetables tinned in large amounts of salt
• Vegetables roasted in meat fat
• Vegetable soups made with cream and butter.
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Fruit
Like vegetables fruits are rich in fibre, vitamins, minerals and antioxidants.
However fruits are also high in sugar and therefore should be restricted.
Eat 2 units of fruit each day.
Serving size:
• 150g fruit
• 1 apple
• 2 medium kiwifruit
• 2-3 small plums, apricots or mandarins
• ½ banana (no more than one per day)
• 1 cup of berries (fresh or frozen)
• A small handful (30g) of dried fruit (no more than one per day)
• 150ml of unsweetened fruit juice (no more than one per day)
Best choices:
• Raw
• Fruit canned in fruit juice or lite syrup
• Frozen fruit
• Fruit juice with no added sugar
Avoid:
• Fruits tinned in syrups
• Fruits preserved with large amounts of sugar.
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Fats and oils
Fats and oils contain essential nutrients that keep our bodies functioning properly.
However they are a very concentrated form of energy and we only need very
small amounts of them. There are good fats and bad fats. Saturated fats found in
butter, cheese and meats are the bad fats and high intakes are associated with an
increased risk of heart disease. Oils such as olive, canola and rice-bran oils and the
oils found in fish, seeds, nuts and avocado are good fats and can help to lower
cholesterol and prevent heart disease. We recommend margarine over butter and
that you avoid foods such as cakes, biscuits, pastries and pies, which contain too
much fat. Eating these foods will make it difficult for you to lose weight.
Eat 3 units of fats and oils each day
One unit is equivalent to:
• 2 teaspoons (10g) light margarine or spread
• 1 teaspoon (5g) liquid oil or regular margarine or spread
• 20g avocado
• 7g nuts (13 peanuts, 10 almonds, 4 macadamia nuts)
Choose:
• Polyunsaturated margarine or oil
• Monounsaturated margarine or oil.
• Light margarine
• Use only a small amount of oil for cooking or use a non-stick cooking spray.
Avoid:
• Salted and roasted nuts.
• Saturated fats
• Trans fats
• Butter
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Snacks
In-between meal snacks can help you to keep your hunger in check and prevent a
big energy blow-out at the end of the day. Choose low energy snacks that will
help you to feel satisfied. Below is a list of free foods that do not count towards
your daily allowances. Alternatively, if you find you are feeling very hungry you
may choose an additional unit from the Extra’s list. These foods contribute
approximately 500kJ extra.
Free Foods:
• Low kJ soup (limit one cup per day)
• Vegetable soups made with vegetables only
• Clear soups
• Diet jelly
• Vegetables
Extras List: (1 unit = not more than 500kJ per unit)
• 1 unit fruit
• 1 unit lean protein or protein powder
• 1 unit breads and cereals
• 1 unit dairy foods
• 1 cup air-popped popcorn
• 20g light cheese and 10 rice crackers
• 1 piece of toast, lightly spread with the topping of your choice.
• 2 plain sweet biscuits
• 1 weight-watchers (or similar) muesli bar

Indulgence Foods
You may have 2 glasses of wine per week (150ml each).
You may choose to substitute these 2 glasses for:
• 3 standard drinks of any other alcoholic beverage
• Snacks which contain a total of approximately 860kJ (eg. 40g chocolate)
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Drinks
Drink 6-8 cups of calorie-free drinks each day. The bulk of this should be plain
water.
Best choices:
• Water
• Diet soft drinks and cordials
• Unflavoured mineral water
• Tea and herbal tea
• Coffee
• Cocoa
Avoid:
• Fizzy drink
• Sugary fruit juices
• Cordials

Condiments
Use these low kilojoule condiments to spice up your meals:
• Stock cubes
• Oil-free salad dressing
• Tomato, chilli, soy, oyster, hoisin and mint sauces
• Marmite and vegemite
• Curry powder or paste
• Lemon
• Herbs and Spices
• Garlic, ginger
• Tomato paste
• Mustard, horseradish, wasabi
• Pickles, Vinegar
• Artificial sweetener
• Small amounts of cornflour, custard powder and sugar (e.g. 1 level teaspoon) to
use as thickeners and sweetener

Salt
Use salt sparingly. Choose low-sodium processed foods such as pasta sauces,
soups and dressings. Taste food before adding salt and always choose iodised
table salt.
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Some General Tips
Lunch Ideas
• Stir-fry meat and chicken at night to add to a salad or sandwich for a packed
lunch the next day.
• When making your evening meal cook an extra 100g portion of meat that you
can pack for lunch the next day.
• A sandwich bulging with lean protein (100g) such as tinned fish, chicken, lean
ham or egg with some salad veggies or vegetables sticks is an easy lunch.
• Stock up on canned fish and canned chicken for lunch meals you can make on
the run and look out for long-life microwave-reheatable meat meals when you
do your shopping such as the “Kaweka” range.

Snack Ideas
Try to avoid snacking during the day. If your main meals include plenty of protein
then you will find it easier to avoid snacking. Sometimes, though you may need
something a little extra. The main thing is to choose a sensible snack and to avoid
falling into the “What the Hell Effect”.
• A trim milk cappuccino, flat white, latte or hot chocolate is an ideal afternoon
pick up. Ask for no marshmallows.
• Choose a piece of fruit
• Keep prepared vegetable sticks in a zip-lock bag in your fridge.
• Choose a low fat dairy food: 200g low-fat or diet yoghurt or dairy dessert, a
cup of trim milk,
• 25g camembert or up to 50g super low fat cheese slices on a piece of low-fat
crispbread such as ryevita, cruskits, or rice-cakes.
• 20g raw nuts or seeds such as almonds, peanuts, hazelnuts, brazil nuts,
pumpkin seeds and sunflower seeds.
• A hard boiled egg.
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Tips for Eating More Vegetables
• You must eat 2 ½ cups of vegetables each day. This should include at least
½ cup of raw salad vegetables.
• Always include some fruits or vegetables at each meal.
• Vegetables should be about two-thirds of the volume of your meal.
• Add extra fresh or frozen vegetables to soups, stews, bakes and casseroles.
• Add vegetables such as mushrooms, capsicum, tomatoes, corn and onion
to scrambled eggs, omelets, quiches or frittatas.
• Add steamed broccoli, cauliflower, green beans, corn, or peas to salads.
• Include raw cut vegetables as snacks in your lunch box.
• Keep canned vegetables such as tomatoes, corn, baby corn and baby
carrots on hand for emergencies.
• Frozen veggies are almost as good as fresh veggies and are easy to throw
into all sorts of dishes.
Most vegetables can be eaten freely on your diet. These include:
Alfalfa, asparagus, baby corn, beansprouts, beetroot, bok choy, broccoli, brussel
sprouts, cabbage, capsicum, carrots, cauliflower, celery, chilli, Chinese greens,
corn, courgettes, cucumber, egg-plant, garlic, green beans, kamo-kamo, lettuce,
marrow, mushrooms, onions, parsnips, peas, pumpkin, radishes, rhubarb, silver
beet, spinach, Swedes, tomatoes, turnips, yams.
NOTE: potato, kumara and taro cannot be eaten freely. A piece equivalent to 1
medium potato or about 150g can be eaten to replace 1 serving of bread from
your daily allowance.
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Tips for Eating Out

•

Please try not to dine out more than once a week over the next 8 weeks. It
is much harder to control what you are eating when you eat out which can
make it difficult to lose weight. However this high protein diet is probably
one of the easier diets to follow when eating out!

•

Choose salads or soups for starters but check that the soup is not a high-fat
creamy one! Ask for dressings on the side or if you can exchange creamy
dressings for a vinaigrette.

•

Choose high protein options such as steak, chicken breasts, rack of lamb,
fish fillets. Choose meals described as steamed, grilled, poached or stirfried.

•

Be wary of vegetarian options as these tend to be high in carbohydrates
and/or dairy fats.

•

Avoid menu items that include the words “deep-fried”, “pan-fried”,
“battered”, “crumbed”, “crispy”, “creamy”, “butter” or “decadent” in the
description or name.

•

Avoid sauces with cheese, cream or butter. This includes korma sauces and
butter chicken.

•

Avoid choosing chips! Choose extra steamed veggies or a side salad
instead.

•
•

Avoid pizza restaurants, fish and chip shops and burger chains.

•

Do ask how the meals are prepared and don’t be afraid to ask for something
a little different such as “no creamy sauces please”.

•

Beware that alcohol can increase your appetite and make you more inclined
to forget your diet! Stick to 2 standard drinks (about 1 glass of wine), wait
for your food to arrive before starting on it. Sip on plenty of water.

If you can’t resist dessert then share one, or choose a trim cappuccino or
hot chocolate instead.
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Recipes
Soups
Vegetables soups are a good way to increase your vegetable intake and some of these
recipes only count towards vegetable servings so can effectively be eaten freely.

Light Pumpkin Soup
1 medium butternut pumpkin, peeled and cubed
½ cauliflower, roughly chopped
1 large onion
1 stalk celery, chopped finely
2 cloves garlic
1 teaspoon ground coriander
1 teaspoon ground cumin
½ teaspoon ground nutmeg
1 litre chicken or vegetable stock
extra hot water
salt and black pepper
Combine all the ingredients in a large pot. Ensure the vegetables are covered by
the liquid. Cover and cook until the vegetables are tender. Puree in a blender or
food processor then season with salt and pepper.
1 serve = 300 ml = 1 unit vegetables
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Light Vegetable Soup
2 carrots, diced
2 sticks celery, finely chopped
1 onion finely chopped
2 cloves garlic, crushed
1 litre vegetable stock
1 tin chopped tomatoes
½ cup frozen green beans
½ cup courgettes, diced
1 cup diced green cabbage
½ teaspoon dried basil
¼ teaspoon dried oregano
salt and black pepper
In a large pot, sprayed lightly with cooking spray, sauté the carrots, celery, onion
and garlic for about 5 minutes until tender. Add the remaining ingredients, bring
to the boil then simmer for 15 minutes. Season with salt and pepper to taste.
1 serve = 300 ml = 1 unit vegetables

Variation: Beef and Vegetable Soup
Add 400g diced beef to the sauté vegetable mixture and stock. Simmer for
approximately 1 hour until the beef is tender. Then add the remaining vegetables
and cook a further 15 minutes. Season.
1 serve = ¼ recipe = 1 unit protein, 1 unit vegetables
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Harira – Moroccan lamb and chickpea soup
Serves 4
600 g lean lamb, chopped into 1cm cubes
½ teaspoon ground turmeric
½ teaspoon ground cinnamon
¼ teaspoon ground ginger
2 tablespoons olive oil
¼ cup chopped fresh coriander
¼ cup chopped fresh parsley
2 onions, chopped
1 cup celery stalk and leaves, chopped
1 tin chopped tomatoes
2½ cups water
½ cup lentils
½ tin chickpeas, drained and rinsed
Salt and ground black pepper
Chopped fresh coriander, lemon slices and ground cinnamon to garnish
In a large pot, cook the lamb, turmeric, cinnamon, oil, coriander, parsley and
onion over a moderate heat stirring for 5 minutes. Add the tomatoes and continue
to cook for 10 minutes. Rinse the lentils and add to the pot with the chickpeas and
the water. Bring to the boil, cover and simmer gently for 1 ½ hours. Season to
taste and serve garnished with the coriander, lemon slices and cinnamon.
1

serve

=

2

units

protein,

1

cup

veges,

2

units

fat
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Thai Chicken Soup
Serves 4 for lunch
2 tablespoons Thai green curry paste
1 tin crushed tomatoes
3 cups chicken stock
1 tablespoon fish sauce (optional)
1 carrot, finely diced
1 cup mushrooms, sliced
1 courgette, finely chopped
½ cup frozen green beans
400g prawns or cooked chopped chicken
½ cup lite coconut flavoured evaporated milk
1 cup mung bean sprouts
¼ cups coriander, chopped
drizzle of lemon or lime juice
Heat curry paste in a non-stick frying pan until fragrant, stirring. Add tomatoes, stock,
fish sauce, carrot, mushrooms and courgette. Bring to the boil and simmer uncovered for
10 minutes. Add prawns or chicken. Simmer the soup until the prawns/chicken are
heated through. Remove soup from heat and blend in the evaporated milk and mung bean
sprouts. Serve with freshly chopped coriander and a drizzle of lemon or lime juice if
desired.
1 serve = 1 units protein, 1 cup veges, 2 units fat
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Light Meals
Chicken Burrito
Serves 1 for lunch
100 g lean chicken, diced
¼ cup chunky style salsa
1 tortilla or flatbread wrap
1 tablespoon grated edam cheese
½ cup lettuce
1 chopped tomato
Stir fry the chicken in a non-stick frying pan. Mix in the salsa. Heat the tortillas
for approximately 30 seconds in a microwave. Place the chicken mixture in the
centre of each tortilla, top with cheese, lettuce and tomato and roll up.
1 serve = 1 unit protein, 2 units bread, 1 cup veges, 1 unit fat

Egg Salad Sandwiches
For 1 sandwich
2 eggs
1 teaspoon lite mayonnaise
Salt and pepper
A tiny squeeze of lemon juice
2 stalks celery, finely chopped
1/2 bunch chives or parsley, chopped
2 small handfuls of lettuce
2 slices sandwich bread
Place the eggs in a pot and cover with cold water. Bring to a gentle boil. Turn off
the heat, cover, and let sit for seven minutes. When the eggs are done submerge
them in ice-cold water for long enough to stop the cooking. Peel each egg and
place in a small bowl. Add the mayonnaise, salt and pepper and mash with a fork.
Add a dash of milk if the mixture is too dry. Stir in the celery and chives/parsley.
Taste, and adjust the seasoning - adding more salt and pepper if needed.
1 serve = 1 unit protein, 2 units bread, ½ cup veges, 1 unit fat
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Eggplant Dip
2 large (1 kg) eggplants
1 clove of garlic, crushed
2 tablespoons lemon juice
2 tablespoons tahini*
3 tablespoons extra virgin olive oil
1 pinch sea salt
1 teaspoon ground cumin
*Tahini is a paste made from crushed sesame seeds, available from supermarkets
and health food shops.
Cut eggplant in half and cook on a heated grill plate (or barbecue) for about 35
minutes, turning four times, or until skin is blackened and blistered and flesh is
very soft. Cool eggplant on a wire rack over a dish. Scrape eggplant flesh from the
skin and discard skin. Combine eggplant flesh in a large bowl with the remaining
ingredients - whisk the mixture until smooth. Serve dip with oven toasted
pita/mountain bread and slivers of capsicum, cucumber, carrot, radish, celery or
snow peas.
This recipe can be made a few days ahead.
1 serve = ¼ cup = 1 unit fats.

Self-crusting chicken and corn frittata
Serves 4
1 large onion, chopped
200g cooked, chopped lean chicken
4 eggs
2 C cooked frozen or canned corn
Tomato, thinly sliced

1 tablespoon butter
1 cup trim milk
½ cup self-raising flour
75g Edam cheese, grated

Preheat the oven to 210°C. Cook the onion in the butter until tender but not brown.
Add the chicken and heat through. Mix milk, eggs, flour and baking powder until
blended. Add onion mixture, corn and cheese. Pour into a lightly greased 23 cm
flan dish. Top with tomato slices if desired. Bake for 20-30 minutes until firm to
the touch in the centre.
Options: Replace the corn with up to 2 C cooked, chopped broccoli, asparagus or
courgettes, or sliced mushrooms.
1 serve = 1 unit protein, 1 unit dairy, ½ cup veges, 1 unit fat
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Pumpkin, spinach and salmon frittata
Serves 4
2 C pumpkin, peeled & cut into 3 cm cubes
1 tsp olive oil
2 onions, halved and sliced
2 cloves garlic, crushed
300g baby spinach leaves
425g tin salmon
8 eggs
½ cup trim milk
2 tablespoons parmesan cheese, grated
salt and freshly ground black pepper
Preheat the oven to 170°C. Lightly grease a small oven-proof baking dish. Place
the pumpkin in the baking disk with 1 teaspoon of the oil. Toss to coat then roast
for 25 minutes until tender. Heat the remaining oil in a frying pan and cook the
onions for approximately 5 minutes until soft then add the garlic and spinach and
cook until the spinach is wilted. In a large bowl whisk the eggs with milk. Add
the pumpkin, the spinach mixture and the remaining ingredients. Season to taste
with salt and pepper. Pour into a lightly greased ovenproof flan dish and bake for
20 minutes or until set. Serve with salad.
1 serve = 2 units protein, 1 cup vegetables, 1 unit fats
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Baked Mediterranean vegetables
Serves 4
1 red capsicum, halved and seeded
4 courgettes, finely sliced lengthways
1 T olive oil
2 red onions, finely sliced
¼ cup mint, shredded
200g low-fat ricotta or cottage cheese

1 yellow capsicum, halved and seeded
1 eggplant, finely sliced
2 cloves garlic, crushed
4 tomatoes, diced
1 t dried basil

Heat oven to 180°C. Place capsicums in a baking dish and spray lightly with olive
oil spray. Roast 20 minutes then remove from oven, place in a plastic bag to cool
slightly. The remove skins and slice thickly. Pre-heat a grill plate or BBQ. Toss
the eggplant and courgettes in a bowl with half the olive oil. Grill until soft. Heat
the remaining oil in a non-stick frying pan. Add garlic and onion and sauté until
soft. Arrange the vegetables including the tomato and herbs in a non-stick baking
dish and lightly season layers with a little salt and black pepper. Crumble the
ricotta over the top and bake for 30 minutes. Cool for 10 minutes before serving.
1 serve = 1 unit dairy, 2 units vegetables, 1 unit fats.
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Evening Meals
Easy Beef Stir-fry
Serves 2
400g lean beef (schnitzel or rump), cut across the grain into thin strips
Dash oil
2 teaspoons garlic
1 teaspoon minced ginger
1 onion, thinly sliced
3 cups prepared vegetables, e.g. capsicums, mushrooms, corn, broccoli
2 spring onions, finely sliced (optional)
100g mung bean sprouts (optional)
2 Tbsp sweet chilli sauce or other stirfry sauce of your choice
Heat the oil in a frying pan or wok and brown the beef in 2-3 batches over a high
heat. Do not overcook. Remove from the pan and cook the garlic, ginger and
onion for 1-2 minutes. Add the vegetables and stir-fry until crisp and tender.
Return the beef to the pan with the spring onions and bean sprouts if using, and
add the sweet chilli sauce. Toss well until hot through.
1 serve = 2 unit protein, 2 cups vegetables, 1 unit fat

Meatballs
Serves 4
700g lean (premium) beef mince
2 eggs
¼ cup tomato paste
1 tablespoon dried oregano
1 onion, finely chopped
2 tablespoons parsley, finely chopped
2 tablespoons olive oil
4 cups of low-fat, low-sodium tomato and vegetable pasta sauce
Mix the mince, eggs, tomato paste, oregano and onion in a large bowl. Roll
tablespoonfuls of the mince mixture into balls and set aside. Heat the oil in a large
frying pan over high heat. Gently add half of the meat balls and cook for 8-10
minutes, turning occasionally. Remove and drain on paper towels. Repeat with the
rest of the meatballs. Serve each portion with 1 cup of heated pasta sauce and
salad or steamed vegetables.
1 serve = 2 unit protein, 2 cups vegetables, 1 unit fat
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Beef Casserole
Serves 4
800g lean beef blade or chuck steak,
trimmed and cut into 5cm cubes
2 Tbsp oil to pan fry
1 large onion, peeled and chopped
1 Tbsp minced garlic
2 Tbsp flour
2 cups beef stock

1 tin chopped tomatoes
Salt and pepper to taste
2 cups diced vegetables including
celery, capsicums, carrots, parsnip or
pumpkin
4 sprigs fresh thyme

Preheat the oven to 160°C. Brown the meat in 2-3 batches with a little of the oil in
a heavy-based pan. Transfer to a casserole dish. Gently fry the onions and garlic
for 2-3 minutes in the same pan. Sprinkle over the flour and stir well until the
onions and garlic are well coated. Gradually pour in the stock and tomatoes and
bring to the boil, stirring well, to make a smooth sauce. Season to taste. Add the
diced vegetables and thyme and pour the sauce over the beef and vegetables.
Cover and cook in the preheated oven for 1½ to 2 hours. Remove the lid then cook
for a further 30 minutes or until very tender. Season to taste.
1 serve = 2 units protein, 1 cup veges, 2 units fat

Honey Mustard Chicken
800g whole boneless skinless chicken breasts, thighs or tenderloins
3 tablespoons honey
3 tablespoons apple cider vinegar
1 tablespoon worcestershire sauce
1 tablespoon dijon-style mustard
1 tablespoon brown sugar
1/4 teaspoon black pepper
Preheat oven to 180 degrees. Place chicken in glass baking dish. In a small bowl,
combine the remaining ingredients and whisk together until well blended and
smooth. Pour sauce mixture over chicken. Bake chicken with sauce mixture for
about 20 - 30 minutes or until chicken is cooked through. For best results turn
chicken over half way through cooking.
1 serve= 2 units protein
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Chicken Meatloaf
Serves 5
1 ½ tablespoons olive oil
1 onion, finely chopped
1 tablespoon dried tarragon
1 egg, lightly beaten
1 courgette, grated
1 kg chicken tenderloins

1 small Granny Smith apple
1 clove garlic, finely chopped
2 slices of bread, crumbed
3 spring onions, finely chopped
1 tablespoon apricot chutney

Heat the oven to 150°C. Lightly spray a loaf tin with non-stick spray. Heat the oil
in a frying pan. Cook the onion, garlic and apple (peeled and diced) for 8 minutes
until soft and golden. In a food processor combine the onion mixture with the rest
of the ingredients and whiz until smooth. Season lightly with salt and pepper.
Spoon into the loaf tin and bake for 1 hour. Allow to cool in the tin, then turn out
and cut into 10 slices. Allow two slices per dinner serve.
1 serve= 2 units protein, 1/2 unit bread, 1 unit fats
Serve 1 slice for lunch with bread and salad (= 1 unit protein, ½ unit fats)

Cajun Fish Fillets
Serves 4
1 cup trim milk
2 teaspoons ground cumin
1 teaspoon chilli powder
2 tablespoons olive oil
¼ telegraph cucumber

1 tablespoon paprika
1 teaspoon turmeric
800 g hoki fillets (or other white fish)
400 g natural low fat yoghurt

Put the milk in a small bowl. Mix the spices in a separate bowl. Dip the fish fillets
in the milk then roll in the mixed spices. Heat the oil in a frying pan over high
heat then fry the fish in batches for 2 minutes each side. Mix the cucumber and
yoghurt and season with salt and pepper. Serve the fish with the yoghurt dressing
and wedges of lemon.
1 serve= 2 units protein, 2 units fat
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Nam Jim Prawns
Serves 4
4 coriander roots (approx 12 g)
½ teaspoon salt
5 cloves garlic,
20 grams ginger, sliced into thin strips
5 g green chilli, sliced
5 g red chilli, sliced
60 g brown sugar or palm sugar
4 t fish sauce
4 T lime juice
1 T oil
800 g uncooked, frozen prawns (defrosted)
1 onion, diced
1 cup pumpkin, Sliced on an angle
4 cups of a mixture or broccoli, cauliflower, carrots and green beans
Half a red capsicum, sliced
Half a green capsicum, sliced
fresh coriander to garnish
Nam jim sauce: Pound the garlic, coriander root & salt to a paste in a mortar with
a pestle (or crush in a small bowl with the back of a sturdy spoon). Add the
chillies and pound a little more. Be careful - the more the chilli is pounded the
hotter the sauce will be. Heat the sugar with a tablespoon of water until the sugar
dissolves and bubbles. Add garlic, coriander root and chilli sauce, the ginger and
the onion. Add fish sauce & lime juice and remove from heat. Add more fish
sauce, lime juice, sugar to taste, if necessary.
Heat the oil in a wok and cook the prawns until just cooked and golden. Remove
the prawns and strain. Add a little more oil if necessary and cook the kumara,
onion and the vegetables until tender. Add the prawns and Nam Jim sauce.
1 serve = 2 units protein, 1½ units vegetables, 1 unit fats
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Kebabs
Marinated Kebabs
Per person
200 g diced lamb, beef or chicken

Your favourite marinade

Soak the skewers in water for at least 30 minutes to prevent them burning when
you cook the meat. Thread the meat onto the skewers and place in a shallow dish.
Pour over the marinade, cover and leave to marinate for at least 30 minutes. Lamb
and beef may be marinated overnight – the longer the better! . Cook on a hot oiled
BBQ hotplate or chargrill for 2-8 minutes on each side until cooked to your liking.
1 serve= 2 units protein, 1 unit fats

Quick Beef and Black Bean Kebabs
Per person
200 g diced rump steak

1 T black bean sauce

Thread the meat onto bamboo skewers that have been soaked for 30 minutes in
water. Brush the meat lightly with black bean sauce. Cook on a hot oiled BBQ
hotplate or chargrill for 2-3 minutes on each side, brushing occasionally with any
remaining black-bean sauce.
1 serve= 2 unit protein

Salmon and Tuna Kebabs
Per person
200g fresh salmon and/or fresh tuna
lemon juice

salt and black pepper

Thread cubes of fish onto bamboo skewers that have been soaked for 30 minutes
in water and season with salt and pepper. Cook on a hot frying pan or chargrill
that has been lightly sprayed with oil for 3-4 minutes turning frequently and
squeezing over lemon juice as they cook.
1 serve= 2 unit protein
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Marinades
Marinades are used to tenderize meats and to add flavour. Marinades that have
vinegar, lemon juice or acidic fruits in them can be used to tenderize tougher cuts
of meat while oil and water-based marinades mainly add flavour.
Mix marinade ingredients in a small bowl then place the meat in a shallow dish
and pour over marinade. Turn the meat in the marinade to coat thoroughly then
cover the dish and refrigerate for up to 24 hours. Remove the meat from the
marinade to cook. Don’t use the remaining marinade to baste meat as it cooks - to
prevent food borne illness!
These recipes make enough marinade for 800g of meat (i.e. four protein servings).
Thai Chilli
1 tablespoon sweet Thai chilli sauce
1/3 cup light soy sauce
juice of 2 limes or 1 lemon
1 teaspoon of fish sauce
1 teaspoon oil e.g. canola, rice bran
2 crushed cloves of garlic
1 x 2cm piece ginger, minced
3 spring onions, finely sliced
Chinese
2 tablespoons oyster sauce
2 teaspoons light soy sauce
1 teaspoon honey
1 tablespoon sherry
1 clove garlic, crushed
1 teaspoon five-spice powder
Thai
¼ cup lime juice
2 tablespoons fish sauce
1 teaspoon brown sugar
1 small red chilli, finely chopped
¼ cup coriander leaves, finely
chopped
1 tablespoon fresh basil leaves,
finely chopped (optional)

Greek
2 tablespoons dried oregano
1 tablespoon olive oil
1 clove garlic, crushed
¼ cup lemon juice
zest of 1 lemon
French
½ cup red wine
1 tablespoon balsamic vinegar
1 tablespoon olive oil
1 teaspoon dried thyme
4 springs rosemary
1 clove crushed garlic
2 bay leaves
2 tablespoons onion, finely chopped
Indian
1/3 cup tandoori spice paste
1 tablespoon cumin
1 tablespoon lemon juice
250g low-fat plain yoghurt
1 cloves garlic, crushed
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Rubs
Rubs are a mixture of herbs and spices that you can rub into meat just before
chargrilling or pan-frying for extra flavour. Work the rub into the meat with
your fingers. Brush the flavoured meat with a little extra oil just before cooking
on a hot frying pan or chargrill. Don’t oil the pan!
Mix you favourite combinations of herbs and spices in a small bowl. You might
also like to grind these with a mortar and pestle or in a small food processor.
Suggested Herbs and Spices
Salt
Freshly ground black pepper
Lemon zest
Thyme
Oregano
Basil
Chives
Garlic
Mint

Rosemary
Bay leaf
Paprika
Ground cumin
Fennel seeds
Caraway seed
Ground or fresh coriander
Chilli, fresh or dried
Spring onions
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Salads and Vegetables
Tuna salad
Serves 2
1 cup salad greens
1 tin (185g) lite lemon pepper tuna
1 egg, boiled and quartered
2 tomatoes, chopped

1 capsicum (any colour), chopped
½ red onion, finely sliced
¼ cucumber, chopped
1 stick of celery, sliced

Using the above list of ingredients as a guide, gently mix ingredients together.
You might like to add other vegetables such as corn kernels, grated carrot,
cauliflower pieces, baby corn cobs.
1 serve = 1 unit protein, 1 ½ cups vegetables, 1 unit fat

Thai Beef Salad
Serves 4
800 g lean beef rump steak
¼ cup fish sauce
¼ cup lime juice
12 cups cooked rice vermicelli
noodles
400 g cucumber, sliced thinly
6 spring onions, sliced thinly

150 g bean sprouts, tailed
1 cup loosely packed fresh mint
250 g cherry tomatoes, halved
1½ cups loosely packed coriander
¼ cups sweet chilli sauce
1 tablespoon light soy sauce

Combine the beef with 2 tablespoons of the fish sauce and 1 tablespoon of the
lime juice in a large bowl. Cover and refrigerate for 30 minutes. Prepare the
soba noodles according to packet directions and allow to cool. Drain the beef
and discard the marinade. Cook the beef in hot, non-stick frying pan until
cooked to your liking. Cover and stand for 5 minutes then slice thinly. Combine
the soba noodles, cucumber, onions, sprouts, mint, tomato and coriander in a
bowl. Combine the rest of the fish sauce and lime juice with the chilli and soy
sauces in a screw top jar and shake well. Add the beef and dressing to the salad
and toss gently to combine.
1 serve = 2 units protein, 1 unit bread, 1 cup veges, 1 units fat
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Lamb and Mint Salad
Serves 4
800g lamb fillets
2 cups broccoli, chopped
100g snow peas, trimmed
100g sugar snap peas, trimmed

100g baby rocket
1 cup loosely packed fresh mint
leaves, torn
100g low-fat feta cheese, crumbled

Mustard dressing
1 tablespoon white wine vinegar
2 teaspoons canola oil

1 teaspoon Dijon mustard

Cook lamb in batches in a hot non-stick frying pan or a hot oiled grill until
cooked to your liking. Stand for 5 minutes then slice thickly. Steam or
microwave the broccoli, snow peas and sugar snap peas until just tender. Rinse
under cold water and drain. Combine the white wine vinegar, oil and mustard in
a screw top jar and shake well. Place the broccoli, peas, chickpeas, rocket, mint
and feta in a bowl with half of the dressing. Toss to combine. Divide mixture
between four serving plates and top with lamb and remaining dressing.
1 serve = 2 units protein, 1 cup veges, ½ unit dairy, 2 units fat

Tandoori Chicken Salad
Serves 4 for lunch
1 ½ tablespoons tandoori spice paste
50 g low-fat plain yoghurt
400 g skinless chicken tenderloins

200 g iceberg lettuce
200 g chopped or cherry tomatoes
½ telegraph cucumber

Dressing:
150g low-fat yoghurt
2 ½ tablespoons mint sauce

2 tablespoons lime or lemon juice

Mix the tandoori paste and yoghurt in a bowl. Add the chicken tenderloins and
turn to coat thoroughly. Cover and chill for at least 30 minutes, preferably
overnight. Heat a non-stick frying pan to high and cook the chicken for 5
minutes each side or until cooked through. Rest the chicken for 5 minutes then
slice into strips. Mix the dressing ingredients in a small bowl. Arrange lettuce,
tomatoes and cucumber onto 4 plates. Top with 200g chicken each and drizzle
with the dressing.
1 serve = 1 unit protein, 1 cup vegetables.

30

Baked Vegetables
Serves 8.
8 baby onions
4 beetroot, quartered
2 red and 2 green capsicum, seeded and quartered
16 baby carrots
16 baby turnips
olive oil spray
½ cup chicken stock.
Clean and dry vegetables and place in a roasting pan. Spray vegetables with
olive oil. Add stock and toss to coat thoroughly. Cover pan with foil, transfer to
oven with roast and bake for 30 minutes. Remove from oven and drain and
reserve juices for gravy if making a roast. Place vegetables back in oven for 15
minutes, or until lightly browned.
1 serve = 1½ cups vegetables.
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Low Fat Sauces
Yoghurt sauce
1 cup low-fat plain yoghurt
1 tablespoon chopped mint
½ teaspoon ground cumin

½ clove garlic, crushed
2 teaspoons lemon juice

Mix everything in a small bowl. Season with salt and pepper. Cover and
refrigerate before serving. Goes well with grilled lamb or chicken.
Optional: Turn this into tzatziki by adding 1 cup grated cucumber and ½ a finely
diced red onion
1 serve = 4 tablespoons.

Red Capsicum Pesto
2 red capsicums, halved and seeded
2 tablespoons olive oil
2 cloves garlic

50g parmesan cheese
2 tablespoons pine nuts or cashews

Place capsicums skin side up under a hot grill. Grill until skins blacken then
remove and place in a plastic bag or covered bowl. When cool remove and
discard the skins. Blend the capsicums with the rest of the ingredients in a food
processor. Season with salt and pepper to taste.
1 serve = 1 tablespoon = 2 units fat

Miso Sesame Sauce
1 teaspoon sesame oil
1 tablespoon red miso paste
1 teaspoon brown sugar
1 teaspoon grated fresh ginger
1 tablespoons lemon juice
½ cup vegetable stock
1 spring onion, finely sliced
1 small red chilli, finely sliced (optional)
Blend all ingredients in a bowl and blend. Drizzle over fish, chicken or salads.
1 serve = ¼ cup = 1 unit fats
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Protein Powder Recipes
Banana Protein Shake
Serves 1
30 g protein powder
1 cup trim milk
½ ripe banana
vanilla essence
low kilojoule sweetener
pinch of ground nutmeg
Blend everything in blender until smooth.
1 serve = 1 unit protein, 1 unit dairy, 1 unit fruit

Oaty Breakfast Smoothie
Serves 1
30 g protein powder
1 t vanilla essence
1 cup trim milk
½ cup rolled oats (dry)
½ cup of fruit e.g. banana, frozen berries, tinned peaches….
Sugar or sweetener to taste
Blend everything in a blender or food processor until smooth.
1 serve = 1 unit protein, 1 unit cereal, 1 unit dairy, 1 unit fruit

Fruity breakfast smoothie
Serves 1
20 g protein powder
1 cup vanilla or fruit flavoured yoghurt
½ banana or ½ cup of frozen berries, chopped fresh stonefruit or tinned fruit
Blend everything in a blender or food processor until smooth. Sweeten with
artificial sweetener if desired.
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Berry Icecream
Serves 1
1-2 cups frozen berries
30 g protein powder
a little water and artificial sweetener if necessary.
Blend the berries and protein powder in a food processor until smooth. Adding a
little water if the mixture is too dry.
1 serve = 1 unit protein
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Weekly meal planners
Week 1
Breakfast

Monday

1/2 cup of natural
muesli with 200g
low-fat fruit yogurt
1 serving of fruit
Breakfast

Tuesday

Banana smoothie
(1/2 banana, 1 c
trim milk, 30g
protein powder)
Breakfast

Wednesday

1 cup high fibre
cereal with 1 cup
trim milk
1 piece fresh fruit
Breakfast

Thursday

1/2 cup of baked
beans with 1 slice
toast with 200g lowfat fruit yogurt
1 serving of fruit
Breakfast

Friday

Saturday

Sunday

Lunch
Egg and salad
sandwich (2 slices
bread, 2 t oil-free
mayo, 2 eggs, 1/2
cup salad leaves,
cucumber slices)
1 serving of fruit
Lunch
Open Chicken
sandwich with 100g
lean chicken, salad
and 1t pesto on 1
slice wholegrain
bread
1 serving of fruit
Lunch
1 c light vegetable
soup
Ham and cheese
toasted sandwich
(100g ham, 30g
edam, tomato and
relish)
1 piece fresh fruit
Lunch
100g beef: Beef and
vegetable soup
1 small wholemeal
roll with 1t
margarine
1 piece fresh fruit
Lunch

Dinner
200g fish: Cajun
fish fillets
1 1/2 cups steamed
peas, carrots and
broccoli
Dinner
100g lamb fillet
cooked with your
favourite rub or
marinade, 2 C
baked
Mediterranean
veges
Dinner

200g fish: Nam Jim
Prawns recipe

Dinner
200g chicken:
Chicken kebabs
1&1/2 cup stir-fried
vegetables with 1t
sesame oil and 1 T
oyster sauce
Dinner

Additional
1 cup low-calorie
soup per day
(optional)
2 indulgence foods
or 2 glasses wine
per week
Extra:________
Additional

1 cup low-calorie
soup

Additional

1 indulgence food

Additional
Trim milk latte,
cappuccino or hot
chocolate
Additional

2 scrambled eggs on
1 slice of toast.

140g chicken:
Tandoori chicken
salad
1 serving of fruit

60g beef: Weightwatchers frozen
beef and vegetables
meal with extra peas
and green beans.

200 g low-fat, light
yoghurt or dairy
dessert

Breakfast

Lunch

Dinner

Additional

2 slices wholemeal
fruit toast with 2t
light margarine
1 trim latte or
cappuccino

100g protein:
chicken and corn
quiche recipe
1 cup of salad with
non-fat dressing

200g protein:
Pumpkin, spinach
and feta frittata
recipe

200g low-fat
custard and fresh
fruit
1 glass wine

Breakfast

Lunch

Dinner

Additional

Smoothie with
berries and 1/2 c
trim milk and 100g
low-fat fruit yogurt

100g protein:
chicken and corn
quiche recipe
1 cup of salad with
non-fat dressing

200g beef: Thai
Beef Salad
1 serving of fruit

Eggplant dip with
vegetable sticks and
1 toasted pita bread
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Week 2
Breakfast

Monday

1/2 cup of natural
muesli with 200g
low-fat fruit yogurt
1 serving of fruit
Breakfast

Tuesday

Wednesday

1 cup high fibre
breakfast cereal
with 1 cup trim milk
1 serving of fruit

Open Chicken
sandwich with 100g
lean chicken, salad
and 1t pesto on 1
slice wholegrain
bread
1 serving of fruit

Breakfast

Lunch

1 cup high fibre
cereal with 1 cup
trim milk
1 piece fresh fruit

50g cottage cheese
mixed with 100g
tinned tuna with
salad on 2
crispbread
1 cup light pumpkin
soup
1 piece fresh fruit

Breakfast

Thursday

Friday

Saturday

Sunday

Lunch
Ham and salad
sandwich (2 slices
bread, 2 t light
spread, 100g ham,
1/2 cup salad
leaves, tomato and
cucumber)
1 serving of fruit
Lunch

Dinner
200g Chicken fillet
poached in soy,
ginger and garlic, 2
C salad with low-fat
dressing.
Dinner
200g beef strips
with 1/3 cup chilli
beans on 1 burrito
with lettuce, tomato,
capsicum and 1 T
Guacamole
Coleslaw with
lemon juice
dressing.
Dinner
200g salmon fillet
with 1T red
capsicum pesto
1 medium baked
potato, 100g baked
pumpkin
1/2 c green beans
and 1/2 c
cauliflower
Dinner
200g chicken:
Honey Mustard
Chicken with carrot
and parsnip mash,
Green salad with
low-fat dressing
Dinner

Additional
1 cup low-calorie
soup per day
(optional)
2 indulgence foods
or 2 glasses wine
per week
Extra:________
Additional

200 g low-fat, light
yoghurt

Additional

1 indulgence food

Breakfast

Lunch
1 piece of toast with
100g low-fat
sardines
1 1/2 cups of salad
with non-fat
dressing
Lunch

1 cup high fibre
cereal with 1 cup
trim milk
1 piece fresh fruit

100g protein: Tuna
Salad with 1/3 cup
chick peas
1 serving of fruit

200g beef: Easy
beef stir-fry on 2/3
cup brown rice

200 g low-fat, light
yoghurt or dairy
dessert

Breakfast

Lunch

Dinner

Additional

2 slices wholemeal
fruit toast with 2t
light margarine
1 trim latte or
cappuccino

100g chicken: Thai
chicken soup served
over with 1/2 cup
rice noodles
1 piece fresh fruit

200g beef: Beef
casserole
200g Low-fat dairy
dessert and fresh
fruit

200g low-fat
custard and fresh
fruit
1 glass wine

Breakfast
2 eggs with sautéed
tomato and
mushrooms
1 slice of
wholegrain toast
with 1t lite
margarine

Lunch
200g roast meat
with low-fat gravy,
TWD baked
vegetables, steamed
broccoli and peas
200g Low-fat dairy
dessert and fruit

Dinner

Additional

Pumpkin soup and 2
slices of wholegrain
bread with 2t lite
margarine
1 piece fresh fruit

Trim milk latte,
cappuccino or hot
chocolate

1/2 cup of natural
muesli with 200g
low-fat fruit yogurt
1 serving of fruit

Additional
Trim milk latte,
cappuccino or hot
chocolate
1 weight-watchers
muesli bar
Additional

36

General meal planner

General

Breakfast

Lunch

Dinner

serve breakfast
cereal
1 unit of dairy
1 unit of fruit

100g lean protein
2 units carbs
1 cup vegetables
1 unit fat
1 unit of fruit

200g lean protein
1 1/2 cups
vegetables
2 units fats
1 unit of dairy

Breakfast

Lunch

Dinner

Snack
1 cup low-calorie
soup per day
(optional)
2 indulgence foods
or 2 glasses wine
per week
Extra:_________
Snack

Breakfast

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Protein shake

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday
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Blank meal planner
Breakfast

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Protein shake

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Breakfast

Lunch

Dinner

Snack

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday
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Daily Trackers

Appendix E

154

Appendix F

168

Date:_______________

ID:_________________

EXIT QUESTIONAIRE
On a scale of 1 to 10, how committed do you think you were to making the dietary changes
that we recommended?
Not committed at all

1

2

3

4

5

6

7

8

9

10

Very committed

___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
On a scale of 1 to 10, how well to you think you adhered to the dietary changes we
recommended?
Not well at all

1

2

3

4

5

6

7

8

9

10

Very well

___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
On a scale of 1 to 10, how committed do you think you were to losing weight?
Not committed at all

1

2

3

4

5

6

7

8

9

10

Very committed

___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
On a scale of 1 to 10, how much effort do you think you put into losing weight?
No effort

1

2

3

4

5

6

7

8

9

10

Maximum effort

___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
On a scale of 1 to 10, how easy did you find it to stick to the diet?
Very hard

1

2

3

4

5

6

7

8

9

10

Very easy

___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
On a scale of 1 to 10, how would you rate your general health and wellbeing whilst on this
diet?
Poor

1

2

3

4

5

6

7

8

9

10

Excellent

___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________

How have your energy levels changed since you started on this study?
Levels are lower

1

2

3

4

5

6

7

8

9

10

Levels are higher

___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
How have your bowel habits changed since you started on this study?
 Not at all
 Harder than usual
 Softer than usual
 More frequently
 Less frequently
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
Were there any barriers to your success on the study?
 Yes
 No
If so, what were they?_________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
On a scale of 1 to 10, how likely is it that you will continue on this diet?
Not likely at all

1

2

3

4

5

6

7

8

9

10

Very likely

Why/Why not:_______________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
Do you have any other comments about the study?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
__________________________________________________________________________
Would you like to be contacted about other studies in the Department of Human Nutrition in
the future?
 Yes
 No
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________

AP001
A Participant
123 Metabolic St
Belleknowes
Dunedin
20 September 2008
Dear A Participant,
You recently completed the Metabolic Syndrome Diet Study, run through the Department of
Human Nutrition at the University of Otago. Your results from the clinic visits and DXA scans
are summarized below.
Clinic Visit Results
Baseline

End of Study

26 May and 29 May 2008

30 July and 1 August 2008

Height (m)

1.78

Weight (kg)

105.0

96.0

BMI

33.1

30.3

Waist circumference (cm)

98.0

88.4

Systolic blood pressure (mmHg)

153

141

Diastolic blood pressure (mmHg)

92

83

Blood results
Baseline

End of Study

26 May and 29 May 2008

30 July and 1 August 2008

Total cholesterol (mmol//L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)

6.5
1.1
4.1

5.0
0.8
3.4

Triglycerides (mmol/L)

2.8

1.8

Fasting glucose (mmol/L)
Fasting insulin (mIU/L)

4.9
5.3

4.8
5.2

Insulin sensitivity (McAuley Index)

6.3

7.3

DXA results
Baseline

End of Study

29 May 2008

1 August 2008

Lean mass (kg)

49.8

47.9

Fat mass (kg)

51.0

44.5

Trunkal fat mass (kg)

29.2

24.7

Total body fat percentage

49.1

46.6

Please refer to the attached sheet for information on these results, and if you have any questions,
please feel free to contact us. We gratefully acknowledge the time and effort that you have put
into our study - our research would not be possible without people like you. Thank you very
much for participating in this study.
Yours sincerely,

Megan Levers and Lisa TeMorenga
Metabolic Syndrome Diet Study
Ph: 479-3978
Email: ir.diet@stonebow.otago.ac.nz
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DIETARY APPROACHES FOR THE METABOLIC SYNDROME STUDY
RESULTS INFORMATION SHEET
Weight
Based on a Ministry of Health publication, the healthy weight range for your height is as
follows. This is based on body mass index (BMI) ranges and should be used as a guide
only, as it is not suitable for everyone.
Height (m)

Healthy weight range for NZ
European (kg)

Healthy weight range for Māori
and Pacific peoples (kg)

1.50
1.52
1.54
1.56
1.58
1.60
1.62
1.64
1.66
1.68
1.70
1.72
1.74
1.76
1.78
1.80
1.82
1.84

45-56
46-58
47-59
49-61
50-62
51-64
52-66
54-67
55-69
56-71
58-72
59-74
61-76
62-77
63-79
65-81
66-83
68-85

45-59
46-60
47-62
49-63
50-65
51-67
52-68
54-70
55-72
56-73
58-75
58-77
61-79
62-81
63-82
65-84
66-86
68-88

BMI (Body Mass index):
BMI is a measure of weight relative to height. It does not actually measure the percentage
of body fat, but it can be a useful tool to estimate a healthy body weight based on how tall a
person is. It is most widely used as a diagnostic tool to identify those at risk within a
population.
Healthy BMI values are between:

20 and 25 for NZ Europeans

20 and 26 for Maori and Pacific Islanders.

Waist circumference:
Waist circumference measures central adiposity, which is the amount of fat a person has in
their stomach area, and can be a more accurate descriptor of disease risk than BMI.



A healthy waist circumference is below 80cm for women.
A circumference of greater than 80cm indicates an increased risk of cardiovascular
disease and diabetes

Blood pressure:
Systolic blood pressure is the pressure inside the blood vessels, created as the heart pumps
and moves blood forwards. Diastolic pressure is the pressure within the vessels as the heart
relaxes and fills. Persistent high blood pressure can cause the heart to enlarge and weaken
and also damage the blood vessels. It can lead to an increased risk of stroke and coronary
heart disease.
Ideal blood pressure is:

Systolic: 120mmHg

Diastolic: 80mmHg.
Elevated blood pressure is:

Systolic: greater than 160mmHg OR

Diastolic: of greater than 95mm Hg
Total Cholesterol
Your body needs cholesterol to work properly, but too much cholesterol in the blood
creates a fatty build up in our artery walls, narrowing arteries and restricting blood flow,
increasing your risk of heart disease.


Ideal levels of total cholesterol are below 4.0mmol/L

LDL Cholesterol
LDL cholesterol is often called the ‘bad’ cholesterol because it deposits cholesterol into the
artery walls increasing your risk of heart disease.


Ideal levels of LDL cholesterol are less than 2.0mmol/L

HDL Cholesterol
HDL cholesterol is known as the ‘good’ cholesterol, because it helps remove cholesterol
from the artery walls reducing your risk of heart disease.


Ideal levels of HDL cholesterol are greater than 1.0mmol/L

Triglycerides
Triglycerides are the most common form of fat in our body and are a storage form of
energy for the body. High triglyceride levels are associated with many diseases, including
heart disease and stroke.


Ideal levels of triglycerides are less than 1.7mmol/L

Fasting Blood Glucose
Glucose comes from carbohydrate foods and is the primary source of energy for the body's
cells. Normally, your blood glucose level increases slightly after you eat and this increase
causes your pancreas to release insulin which helps to control blood glucose levels so that
they do not get too high. Blood glucose levels that remain high over time can damage your
eyes, kidneys, nerves, and blood vessels.




Fasting blood glucose of between 5.5 and 6.0mol/L indicate an increased risk for
developing type II diabetes.
Fasting blood glucose of between 6.1 and 6.9mol/L indicate impaired fasting glucose.
Fasting blood glucose of 7mmol/l or higher may indicate type II diabetes.

Fasting Blood Insulin
Insulin is a hormone that regulates energy and glucose metabolism in the body. Under
normal conditions, insulin is secreted from the pancreas and causes cells in the liver,
muscle, and fat tissue to take up glucose from the blood, storing it in the liver and muscle,
thus lowering blood glucose levels. Over time however, the pancreas can become exhausted
trying to produce enough insulin to deal with abnormally high glucose levels.


Raised fasting insulin levels may indicate that the insulin has become less effective in
lowering blood sugar levels, and therefore it is necessary for more insulin to be
secreted. This is called hyperinsulinaemia and is a precursor to type II diabetes.

Insulin Sensitivity
Insulin sensitivity is a measure of how effective insulin is at lowering blood glucose levels.
The higher your insulin sensitivity value is, the better.
DXA results:
Lean mass is the sum of everything in the body, apart from fat. This includes bone, muscle,
organs and water. Fat mass is the total weight of fat in the body and trunkal fat mass is the
amount of fat stored in the abdominal region.
Percentage body fat in the normal range is:

Between 21 and 33% for 20-39 year old women

Between 23 and 35% for 40-59 year old women

Between 25 and 38% for 60-79 year old women.

