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Chapter 1 Introduction

1 Introduction

The prevalence of type-2 diabetes has increasedatically in recent years, in New Zealand
and around the world. As the global burden of diedéncreases, certain ethnic groups seem
to be hit hardest when compared with those of Eeaoplescent. This is true in New Zealand
where incidence, prevalence, death rates and coatipins associated with diabetes are all
greater in Mori when compared to New Zealanders of Europeagiro(NZEO). (Joshy &

Simmons, 2006; Ministry of Health, 2008).

Insulin resistance, a metabolic disorder which cedudisposal of circulating glucose, has
been identified as the underlying cause for typhabetes. Increased adiposity (obesity) and
an inability to oxidize lipid appears to disruptetieellular response to insulin, leading to

chronic hyperglycaemigs-cell destruction, and ultimately diabetes.

While ethnicity is related to many socioeconomictdas that may contribute to increased
prevalence of obesity and therefore diabetes, neimyic groups appear to be more ‘insulin
resistant’ even when socioeconomic factors arentaki® account. This leads to the question

of whether Miori and other high-risk ethnic groups have a ger@tedisposition to diabetes.

Along with increased adiposity, a decreased oxidatiapacity (aerobic fithess of skeletal
muscle) (C. R. Bruce et al., 2003), as well as ghdri percentage of type Il (fast twitch)
muscle fibre, are associated with insulin resistaaued the obesity that leads to it. Nearly all

of the studies observing these relationships haea llone in Europeans however.

If identified early, insulin resistance can be teghbefore the disorder progressegitcell

dysfunction and diabetes. Because use of healthcseris also low in Mori, it can be

1



Chapter 1 Introduction

difficult to identify those most at risk of insulnesistance. Thus, development of non-invasive
methods to predict risk of metabolic disorder copitdve valuable in the identification and

prevention of type-2 diabetes inabti.

Because of cultural barriers, participation ofidvi in physiological research has been low,
making it difficult to understand the physiologicaasons, if any, behind ethnic health
disparities in New Zealand. In order to overcones¢hbarriers, the approach to research and

intervention must also be led byabti, and employ culturally appropriate methods.



Chapter 2 Literature Review

2 Literature Review

2.1 Overview of Literature review

The aim of the first section of this review is tesdribe the incidence and prevalence of type-2
diabetes, specifically in New Zealand and withiadW. This background will include a brief

definition and the diagnostic criteria for diabetdscuss the inequalities regarding diabetes
that are seen within the population, and preseratwhbeing done to lessen the burden of
diabetes within New Zealand. It will also brieflgdress the issue of insulin resistance,

although it will be discussed in more detail later.

The remainder of the literature review discussesphysiological mechanisms that lead to
insulin resistance focusing on disruptions in lipitd glucose metabolism in skeletal muscle,
and the effect of exercise on these metabolic gs®E= The review will also discuss possible
physiological explanations for the disparities sbetween different ethnicities in obesity and

insulin resistance, and methods used to prediafisader.
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2.2 Diabetes and Insulin resistance in New Zealand  and Globally

2.2.1 Definitions of diabetes & diagnostic criteria

Diabetes mellitus is considered a metabolic dispmearacterised by chronic hyperglycaemia
and metabolic disturbances as a result of disruptedlin secretion and/or insulin action
(Alberti, Zimmet, & World Health Organisation, 1998 he word diabetes is derived from a
Greek word meaning ‘to pass’ or ‘urine’, while nitei$ is a Latin derivative meaning ‘honey’
or ‘sweet’; The combination of these words was gidee to the glucose-rich urine passed by
those with the disorder ("Stedman's medical dietigty 2000). Diabetes is classified into a
number of categories, including type-1, type-2 gasdtational diabetes; this review will focus
on the most common of the classifications; Typaabetes, previously known as ‘non-insulin

dependent diabetes mellitus’ (NIDDM) and ‘adult eindiabetes’.

Type-1 diabetes, previously identified as ‘insuli@pendant diabetes mellitus’ and ‘juvenile
onset diabetes’, is a result of disrupted insuberstion due to an initial disorder within
pancreati@-cells. This disorder can occur in non-obese imtligis and most often presents in
children. Although the cause of the initftell dysfunction in type-1 diabetes is unknown, it
is thought to be genetically linked (Atkinson & Maien, 1994). Because dysfunctionfof
cells disrupts insulin secretion, blood glucoseelswemain chronically high signalling the
diagnosis of diabetes. The anti-lipolytic role n§ulin is also absent, so ketosis, and loss of
body weight, are symptoms upon presentation (Albezimmet, & World Health

Organisation, 1998).

Type-2 diabetes is also characterised by decraasatin secretion and hyperglycaemia, but

the B-cell disorder that leads to the diabetic statenstaitially from a condition known as
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insulin resistance. In this case, blood glucoselebecome chronically elevated similar to
type-1 diabetes, but initially the glucose leveheens high regardless of normally sufficient
insulin secretion. In response to this glucoselenémce,p-cells compensate by secreting
more insulin, and the hyperglycaemia is controlipending on the-cells ability to
maintain the elevated levels of insulin needed 8ra1988). Thus, in type-2 diabetes, rather
than the disorder initiating from disrupted insusiacretion, elevated blood glucose levels
remain high due to myocytes and adipocytes ‘regjstihe insulin signal; hence the term
‘insulin resistance’. Although the precise mecharssesponsible for insulin resistance are
still not fully known, the disorder is broadly astdt of obesity (B. B. Kahn & Flier, 2000;

Reaven, 1988), and can be avoided with lifestybnge (Kelly, 2000).

Since French physician Lancereaux first made tegndtion between ‘fat’ and ‘thin’ diabetes

in the late 1800s (cited in Gale, 2001), the da@niof diabetes has been altered many times.
During a meeting between The World Health Orgamsa{\WWHO) and The American
Diabetes Association (ADA), it was recommended thatterms ‘insulin dependant diabetes
mellitus’ and ‘non insulin dependant diabetes madli and their acronyms ‘IDDM’ and
‘NIDDM’ be no longer used. This recommendation wasde because the previously
described terms caused confusion and often le@tiergs being classified according to their
treatment rather than pathogenesis (Alberti, Zimm&eWorld Health Organisation, 1998).
Similarly, the terms ‘juvenile’ and ‘adult’ onsetatbetes are no longer used because children
are presenting with type-2 diabetes in increasinglvers and type-1 can be first diagnosed in

adulthood.

Along with its definition, the diagnostic criterfar diabetes have also changed many times,

and variation in criteria between different heaitiyanisations has led to confusion regarding
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its diagnosis. While symptoms that prompt diagnasedude an increased thirst and urine
volume, recurrent infections and unexplained weiglss, clinical diagnosis of diabetes is
often made by measuring fasting glucose conceotrasind performing an oral glucose
tolerance test (OGTT). With an OGTT, blood gluctsesls are measured while fasted and
then at incremental periods for 2 hours after aal giucose load of 75g (Matsuda &

DeFronzo, 1997). The rationale behind the OGThéa those who are insulin sensitive will

return to fasting (or near fasting) glucose leweithin 2 hours of the glucose load, while a
relatively high blood glucose level, 2 hours afiee glucose load, is indicative of glucose
intolerance and diabetes. In 1998 the WHO lowened tdiagnostic criteria for diabetes from

a fasting plasma glucose concentration of 7.8 mimiohnd above, to the currently accepted
value of 7.0 mmol ! and above, and/or a plasma concentration of 1mblrh™*and above

for a 2-hour post glucose load (Alberti, Zimmet\orld Health Organisation, 1998).

2.2.2 Prevalence, incidence and mortality

In 1998, WHO predicted that non-communicable diseasuch as type-2 diabetes, would
become more prevalent in developing countries dulbpted Western lifestyles and the risk
factors, such as smoking, high energy diets ankl ¢dcexercise, that accompany such a
lifestyle (WHO, 1998). Since then diabetes has bec@ global epidemic, increasing in

prevalence and incidence in most of the developeddwOne study estimated the global
prevalence of diabetes at 2.8% in 2000, and predlitttat this would increase to 4.4% in 2030
(Wild, Roglic, Green, Sicree, & King, 2004). In Nexiealand the burden of diabetes has
become an area of concern as well, with nationabeates prevalence exceeding global
estimates. The 1996/97 New Zealand Health Surv&ZH®) showed that 1 in 27 (3.7%)

adults in New Zealand, were diagnosed with diab@esistry of Health, 1999b). Ten years

later, the 2006/07 survey showed that prevalencdiajnosed diabetes had increased to
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approximately 5.0% (1 in 20 adults) (Ministry of &léh, 2008). What's more, the burden of
this disorder will likely be compounded in yearsctime, as the population of the groups that
seem to be most at risk of diabetesa@M, Pacific Islanders, Indian and Asian) are iasiag

in numbers dramatically (Moore & Lunt, 2000). Astie case in most countries, type-2
diabetes accounts for the majority of diabetes caseNew Zealand (Ministry of Health,

2004b, , 2008).

Table 2-1- Age adjusted prevalence of diabetes within NealZnd by year

Year Prevalence
NZHS 1996/97 3.7%
NZHS 2002/03 4.3%
NZHS 2006/07 5.0%

The prevalence of diabetes differs between ethesciin New Zealand similar to other
countries. The 1996/97 New Zealand Health Surve¥HSl) showed the prevalence of
diabetes at 3.1% in Europeans compared with 8.3%mefMaori population (Ministry of
Health, 1999b). The age standardized rate ratitiser2006/07 NZHS (where 1.00 equals the
national average) were 1.74 forabti men and 1.61 in Bbri women, compared to just 0.76
in European men and 0.82 in European women (MinistrHealth, 2008). Another study
done in South Auckland found that prevalence ointle¢abolic syndrome and known diabetes
was greater than 50% in theabti and Pacific people aged 40 years and older et

tested, much higher than observed in European gr(idgvid Simmons & Thompson, 2004).
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2.2.3 Prevalence of obesity

As mentioned earlier, obesity, as a result of citrealoric excess i.e. relatively low energy
expenditure for energy intake, has been identitsdthe key factor leading to insulin
resistance, and is therefore associated with tygied®tes (Hohepa, Schofield, & Kolt, 2004).
A population-based study in the US showed that ibp@ss the most important risk factor
for insulin resistance in adolescents, independd#nsex, age or ethnicity (J. M. Lee,
Okumura, Davis, Herman, & Gurney, 2006). Othersehathown that ‘Western’ dietary
patterns are associated with obesity and a higkkrof insulin resistance, while ‘healthy’
dietary patterns on the other hand, are assocwmidd lower risk of insulin resistance
(Esmaillzadeh et al., 2007). Accordingly, studiesEiurope have revealed that reduction of
weight within a population is associated with a iEmreduction in diabetes incidence
(Astrup, 2001). Intervention programs in the Unitttes, which aimed at reducing weight
with physical exercise and healthy diet, also reduthe risk of diabetes in those who

participated (Hamman et al., 2006).

These studies portray the close association betwbesity and diabetes prevalence. It is
therefore no surprise that the prevalence of opesitNew Zealand is increasing at a rate
similar to the increased prevalence of insulin stasice and diabetes. Results of the
2002/2003 New Zealand Health Survey (NZHS) showetl 35.2% of adult New Zealanders
(15 years plus) were considered overweight, an€g92@vere obese (Parnell, Scragg, Wilson,
Schaaf, & Fitzgerald, 2003). Four years later, #@6/2007 NZHS showed that the
prevalence of overweight adults in New Zealand imadeased to 36.2%, and obesity had

increased to 26.5% (Ministry of Health, 2008).



Chapter 2 Literature Review

Notably, the rates of participation in sporting bduand organised teams has fallen
considerably (Bauman et al., 2003). Not only istipgration in sport and leisure decreasing
but advances in technology promote a sedentarstyife and decrease the need for physical
labour. This decrease in daily physical activityugled with less costly, readily available
high-energy foods, are the primary cause for thewgrg prevalence of obesity and the

accompanying co-morbidity of type-2 diabetes.

2.2.4 Mortality

Since it is the complications of diabetes that eatisath and not diabetpsr se coding of
diabetes-related mortality statistics can be flaglshy & Simmons, 2006). In 2000, 3% of
all deaths in New Zealand were attributed to diede{Ministry of Health, 2004a).
Accordingly, a report prepared by the New Zealandistry of Health showed that 8% of all
New Zealand deaths in 1996/97, were associatedphiysical inactivity (Ministry of Health,
1999b) making it the second highest preventablefastor among New Zealanders (behind

tobacco smoking).

Just as many illnesses are disproportionately highklaori than NZEO, so too is the general
mortality rate compared to that in norati (N. Pearce, Pomare, Marshall, & Borman,
1993). In 2004, the overall death rate was 7.0tfdeper 1000) for all New Zealanders and
4.3 for Maori. When adjusted for age however, age standaidieath rates for &bri, who
are younger than the general NZ population, wede@&r 1000 compared with 4.5 per 1000 in
the general New Zealand population respectivelsitiSics New Zealand, 2006a, , 2006c¢). In
2005/07, life expectancy for #ri was 70 and 75 years for males and females casply,
compared with 79 years in nonabti males and 83 in non-Mri females (Statistics New

Zealand, 2008).
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Similarly, ethnic disparities exist in diabetesateld mortality. In the United States, the risk of
diabetes-related death in Indigenous Americans @83 times higher than Caucasian
Americans. However, even higher still was diabeétgted mortality in Mori which was
5.81 times higher than European New Zealandersn{®sa Hebert, Tuzzio, & Chassin,
2005). In fact, this same study showed that, irar@go many health indicators, the disparity
between indigenous and non-indigenous groups in Kealand i.e. Mori and non-Mori,

was greater than the disparity between indigenadsan-indigenous groups in the US.

The reason for the higher mortality rate iadvi, even compared to other indigenous groups,
is not clear, though Moore and Lunt speculate tteivery of medical services, and the
absence of a ®bri focus, may contribute (Moore & Lunt, 2000).dngstingly, results of the
2006/07 NZ Health Survey showed thaiidvi were significantly less likely to report that a
their health provider had treated them with respect dignity ‘all of the time’, b) their health
care provider listened carefully to what they hadgay ‘all the time’, and c) that their health
care provider had discussed their health care a$ ras they wanted ‘all of the time’, when
compared to the total population (Ministry of HBal2008). In context with ethnic health
disparities, use of medical services is partlyeetd in the high prevalence of undiagnosed
diabetes in Mori. One study showed that 7% ofabti respondents were undiagnosed
diabetics, while 15.5% had impaired glucose toleea@@oshy & Simmons, 2006). Another
study found that in a cohort of adri where 7.1% (n=247) were known diabetics, an
additional 3.6% were undiagnosed diabetics (Tipgezmch et al., 2004). This result is
probably modest considering the response ratasrsthdy (49%). Furthermore, 37% of those

that did respond were insulin resistant.
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2.2.5 Inequalities in diabetes prevalence

2.2.5.1 Age

Epidemiological studies show that diabetes prec@encreases with age (Ministry of Health,
2008). Nevertheless, where type-2 diabetes was @andcgease common only among older age
groups, it is now becoming a serious problem amadglescents. This increase in the
incidence of type-2 diabetes in adolescents anldirelm, is directly tied to the increasing
prevalence of childhood obesity (Rocchini, 2002ptiHet al. observed a 6-fold increase in
adolescents with type-2 diabetes attending the és@nt Diabetes Service in New Zealand
between 1996 and 2002 (Hotu, Carter, Watson, ddifi& Cundy, 2004). Studies also
indicate that the onset age of diabetes i#oMis almost 10 years earlier than Europeans
(Joshy & Simmons, 2006). Accordingly, the mediae &gy Maori is considerably lower than
the median for New Zealand (22.7 years comparek 856t9 years) (Statistics New Zealand,
2006¢), which may partly explain the earlier onagé of diabetes in 8bri. Alternatively,
Moore and Lunt suggest that the earlier onset dg#iabetes in Mori, could be due to a
longer lifetime exposure to conditions causing lgpeaemia; namely caloric imbalance

(Moore & Lunt, 2000) (See section2.2.5.2).

2.2.5.2 Socio-economic status,

The prevalence of diabetes in those that live énntiost deprived quintile of the NZDep2006
(quintile 5), is more than twice as high as thosthe least deprived (quintile 1) (Ministry of
Health, 2008). Accordingly, obesity is also highesthe most deprived quintile (Ministry of
Health, 2008). A number of epidemiological findingay help to explain this association.
Firstly, the 2006/07 NZHS showed that the timedreih spent watching television, as well as
their fizzy drink’ and ‘fast food’ consumption, we higher in areas of high neighbourhood

deprivation (quintile 5) than in areas of low degtion (Ministry of Health, 2008). Fittingly,

11
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insulin resistance and diabetes have been shoa &ssociated with time spent watching
television (Hu et al., 2001; Hu, Li, Colditz, Witte& Manson, 2003), high consumption of
‘soft drink’ (Schulze et al., 2004) and ‘fast fod#Pereira et al., 2005), and a high fat/high

sugar (high energy) diet (Gittelsohn et al., 1998jistry of Health, 2008).

Another possible explanation is that physical aigtiend participation in sports and leisure
may be perceived by the socioeconomically depragaostly, discouraging those with low
incomes from participating (Estabrooks, Lee, & Gygik, 2003). A report by the Ministry of

Health also suggests that those who are leastwdepdre better able to respond to social

pressures associated with weight gain (Tobias,, Raviea, 2006).

These trends have major implications foidvl who are proportionately over represented in
the most deprived quintile, having an annual incapproximately 20% lower than NZEO
(Statistics New Zealand, 2006b). Accordinglyadvi children spend more time watching TV,
and consume more ‘fizzy drink’ and ‘fast food’ théoe general NZ population (Ministry of
Health, 2008). What's more, hazardous drinkingqvatt are significantly higher in adri
adults which compounds the ‘high-risk’ health bebars of Maori considering the relatively
high calorie density of alcohol and its associatioth obesity (P. M. Suter, Hasler, & Vetter,
1997). Interestingly however, adri are reportedly as active as, or more active tiNRZEO
(Ministry of Health, 2008; SPARC., 2004). Anothetaresting finding is that the relationship
between obesity and socioeconomic status &orMmen is counterintuitive; that is, elevated
markers of overweight and obesity are associatéid kvgher income and education (Tobias,
Paul, & Yea, 2006). This suggests that the effdcsarioeconomic status on obesity is
modified by ethnicity and culture. One possiblelarption for this may be the difference in

cultural perceptions of body image and preferredytshape (Tobias, Paul, & Yea, 2006).

12
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2.2.5.3 Ethnicity

Diabetes research comparing ethnic groups in Nealaid paints a grave portrait for the
future of Maori health if this epidemic is allowed to continaa its current path. Among
Maori, prevalence of known diabetes, as well as desbesk factors such as obesity and low
HDL are higher than the general New Zealand pojuaiMinistry of Health, 2008; David
Simmons & Thompson, 2004). The prevalence of instésistance is also much higher in
Maori even when BMI and body fat percentage is sinttaEuropean New Zealanders (K.
McAuley, Williams, Mann, Goulding, & Murphy, 2002)hough studies show #dri to have
higher levels of fat-free mass and lower body &atpntage than Europeans of the same BMI
(Swinburn, Ley, Carmichael, & Palnk, 1999)adfi appear to be at greater risk of obesity
related diseases at a lower BMI. This indicates thasity related health risk differs between
ethnic groups, with Kori being much more sensitive to extra body fatnesgposity). One
study by Simmons et al. challenged these findimgsslhowed that when adjusted for obesity,
Maori and other Polynesian groups seem to have velgthormal insulin sensitivity and do
not have the usual marker of hyperinsulinaemia dotmother high-risk ethnic groups (D.
Simmons, Thompson, & Volklander, 2001). This firglinvould suggest that the high
prevalence of diabetes is due to increased obesitMaori and not necessarily an ethnic

susceptibility to risk factors such as insulin sésince.

Although much debate surrounds the use of currdhit @andards in Mori and other ethnic
groups (see section 2.4.2) aMi appear much more obese than Europeans, whereddsy
current BMI standards (Moore & Lunt, 2000). The @@¥ NZ Health Survey showed that
prevalence of obesity within &ri was 41.7% compared with just 24.3% in Europeans

(Ministry of Health, 2008). Pacific Islanders wexeen higher at 63.7%. In accordance with a

13



Chapter 2 Literature Review

higher prevalence of obesity and diabetespidiets are higher in fat than the general

population (Ministry of Health, 1999a; Parnell, &g, Wilson, Schaaf, & Fitzgerald, 2003).

Not only is diabetes more prevalent amongohi but Maori have more than double the risk
of the disease progressing into associated contipiisasuch as blindness and renal failure
(Joshy & Simmons, 2006). The fact that smoking lieen associated with the progression of
diabetes complications as well, makes the currgnatgon even worse, as the MoH have
shown that almost half of &dri adults are smokers, compared to 23% of Euro@ehuits
(Ministry of Health, 1999b). Correspondingly,abti and Pacific people have poorer medium
term metabolic control (HbAlc > 8%) than EuropeéB%, 51% and 23% respectively)

(Joshy & Simmons, 2006).

Similar to New Zealand, ethnic disparities in digseprevalence can be seen around the
world. For example, one study from a multicultucammunity in Hawaii showed that even
when energy intake, physical activity, BMI and wdig ratio were accounted for, prevalence
of type 2 diabetes and glucose intolerance wasfgigntly higher among the Hawaiians,
Phillipinos and Japanese when compared with thdeeidentified as Caucasian (Grandinetti
et al., 2007). Likewise, the prevalence of diabet®®ng some indigenous groups in Canada
is more than 3 times that of the general populatizennenbaum, Kuzmina, Lejeune, Torrie,
& Gangbe, 2008), while the Pima Indians of Arizoa@ believed to have the highest

prevalence of diabetes of any group in the worlat{€y, 2007).

A number of theories which have been postulatezkpdain these ethnic disparities in relation
to genetic makeup, will be discussed later in thisew (See section 2.7). On the other hand,

environmental factors such as lifestyle play a dangart in ethnic health disparities.
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Accordingly, Zimmet (Zimmet, 1979) observed thaeyalence of diabetes was low in
aboriginal people of Australia and the Pacific tbantinued to live a traditional, physically
active lifestyle, but high in those who adopted ealentary, westernized way of living.
Similarly, O'Dea (O'Dea, 1984) showed that the rbelia abnormalities associated with
type-2 diabetes in a group of diabetic AustralidmoAgines were greatly improved, and in
some cases normalized, with just 7 weeks of lhangaditional lifestyle. One implication of
these findings is that intense exercise is notssany for the maintenance of health iadv,

but that the everyday activities of a traditionéddtyle, such as farming, cultivation of land,

fishing and physical labour, in conjunction withealthy diet, may suffice.

Lastly, studies show that Bbri are less likely to make use of government-basedith
services (Moore & Lunt, 2000). For example, theultssof the Get Checked programme in
2004 showed that 63% of European diabetics and &2P@acific diabetics had a free annual
check while only 27% of &bri with diabetes took advantage of this free chglishy &
Simmons, 2006). Whether this is due to expenseeattln care, accessibility of the service
and/or cultural perception is not entirely cleaswever, this has been discussed in more detail

in section 2.2.4.

2.2.6 The cost of diabetes

The estimated cost of obesity related health clamean New Zealand in 2002 was NZ$303
million per year (Ministry of Health, 2003), howeyenore recent costs would no doubt be
greater. SPARC estimated the direct cost of phiysieativity in New Zealand to be NZ $180
million per year, compared to Australia, with atimated cost of AUS $400 million per year
(SPARC., 2004), proportionally lower considering thelatively larger population. Other

figures show that the economic burden of Type-dealies in New Zealand during 2001 was
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close to NZ$400 million which is predicted to ris® NZ$1 billion by 2021
(PricewaterhouseCoopers, 2001). Much of these @wstslue to lifestyle choices and could
be greatly reduced with relatively small lifestglleanges. In fact, one study estimated that an
increase in physical activity as small as 5% actbespopulation would result in savings of
NZ$25 million per year (Bauman, 1997), though fitgsire may be much greater as it does
not take into account the direct effect of physiaetivity upon diabetes cost. What's more,
lifestyle change for those most at risk of insubsistance and diabetes, is more cost effective

at a personal level when compared with pharmacadutiterventions (Herman et al., 2005).

2.2.7 Summary

Population data paints a grave portrait foiav who, when compared to NZEO, are worse
effected by diabetes at all stages. Type-2 diabgtegention begins with the promotion of
healthy behaviours; a balanced diet along with adegand consistent physical activity to
ensure maintenance of a healthy body compositiamuyg, Reading, Elias, & O'Neil, 2000).
Thorough research and appropriate intervention$ @dme at a price, but considering
diabetes is a preventable disease, and the pdken@st economic burden stemming from

diabetes in coming years, it would be a wise puiialth investment.
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2.3 Diabetes and Insulin Resistance: A metabolic di sorder

2.3.1 Glucose Transport and Insulin signalling

After a carbohydrate-containing meal, complex ssidaolysaccharides) are broken down in
the gut into simple sugars (monosaccharide) suchlesose (Crabtree & Garlick, 1993).
Following absorption into the bloodstream, bloodogise concentration becomes elevated
and in responsp-cells in the pancreas secrete insulin, the hormmesponsible for signalling
the uptake of glucose into adipocytes (fat cells)l amnyocytes (muscle cells) (Mathers &
Wolever, 2002; Wilcox, 2005). Insulin is then de&et by receptor proteins on the cell
membrane of these tissues, setting off a signatiasrade which facilitates the translocation
of GLUTA4, a transport protein which allows the spart of glucose across the cell membrane
and into the cell (Bryant, Govers, & James, 20@fer glucose enters muscle cells it is
quickly phosphorylated, then either stored as gigroor used as a substrate for glycolysis.
Adipose tissue also has a role in glucose dispmsalresponds to insulin by storing excess
glucose as fat (Flatt, 1995; Winegrad & Renold, 8)9%&Ithough other glucose transporters
exist, such as GLUT1 and GLUT5, GLUT4 is the maspartant glucose transporter in

skeletal muscle and adipose tissue.

Along with signalling the uptake of glucose into agytes, insulin also signals a reduction in
the rate of lipolysis and increases the rate arétation of free fatty acids (FFA) for storage
as triglycerides in adipocytes (Campbell, Carldaiti, & Nurjhan, 2006). Similarly the liver
responds to insulin by taking up glucose to beest@s glycogen, at the same time inhibiting
gluconeogenesis and glucose output (Michael et28I00; Saltiel & Kahn, 2001). Thus,
skeletal muscle, adipose tissue and the liver afitrdoute and play a major role in the

regulation of lipid and glucose metabolism. Nevelels, skeletal muscle is responsible for
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up to 75% of glucose disposal following a meal (BarBrechtel, Wallace, & Edelman,

1988).

2.3.2 Insulin resistance and its role in type-2 dia  betes

In insulin resistant individuals the insulin-sigiad pathway in the insulin-sensitive tissues
are disrupted and insulin-mediated uptake of glednsmyocytes and adipocytes is impaired.
Initially, insulin is secreted in response to irasi|g blood glucose as expected, but the
signalling cascade within the cell, which normakgults in GLUT-4 translocation to the cell
surface, is blunted (Garvey et al., 1998; Rodeal.e1996), reducing sensitivity to the insulin

signal, ‘insulin sensitivity’, within these myocgand adipocytes.

In response to the resultant hyperglycaepieells in the pancreas compensate by secreting
more insulin to maintain control of blood glucosevdls (Warram, Martin, Krolewski,
Soeldner, & Kahn, 1990). This hyperinsulinaemialeift untreated, worsens to the point
where the pancreas cannot secrete enough insulmaiotain normal blood glucose levels,
and blood glucose levels remain chronically eleygW#eir & Bonner-Weir, 2004). Ip-cells
cannot cope with the chronically elevated blood:ge levels and the continual resistance to
secreted insuling-cell dysfunction can occur and blood glucose lewientually reach the
point at which diabetes is diagnosed i.e. a fadtingd glucose concentration ®7.0 mmol/Il
(Alberti, Zimmet, & World Health Organisation, 1998eaven, 1988). On the other hand, all
persons with insulin resistance do not necessgolyn to develop hyperglycaemia. Large
ranges exist in fasting insulin concentrations keefoyperglycaemia occurs (Hollenbeck &
Reaven, 1987), suggesting that some individualsgsssa greater ‘compensatory’ ability to

secrete insulin in response to hyperglycaemia.
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Figure 1 - Development of type-1 and type-2 diabetes nuallit
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It is believed that dysregulation of lipid metalsao, as a consequence of excess fatty acid

(FA) availability and intracellular lipid accumuiahn, somehow interferes with the signalling

cascade and translocation of GLUT4 in skeletal meyscausing insulin resistance in

myocytes (Boden & Shulman, 2002; Lewis, Carpenthadeli, & Giacca, 2002). What's

more, when the liver becomes resistant to insutiepatic glucose release is no longer

inhibited, increasing blood glucose further and poonding the hyperglycaemic state

(Boden, 1997) (Se€&igure 1). These points highlight the importance of alletirtissues

(adipose, liver and muscle) in the developmentnstiiin resistance and type-2 diabetes; as

well as highlighting the complexity of the disordehnich involves many different tissues and
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physiological processes. The pathophysiology aflingesistance will be discussed further in

section 2.4.1.

2.3.3 Techniques to measure whole-body insulin sens itivity

The ‘gold standard’ method for measurement of wibaldy insulin sensitivity is the glucose
clamp technique (Ferrannini & Mari, 1998). The gise clamp, or hyperinsulinaemic-
euglycemic clamp, measures the amount of glucoskeishneeded to balance an artificial
increase in insulin, without causing hypoglycaenhisulin is first infused into a peripheral
vein followed by infusions of glucose at increasiages, to compensate for the increased
insulin and maintain blood sugar levels at 5 —frbol/l. Glucose levels in the blood are
monitored every 5 to 10 minutes for around 2 haumd a steady state of infusion is reached
(DeFronzo, 1979). This usually occurs during thet B0 minutes of the test, where the ratio
of glucose infusion to insulin concentration durithgs time is then calculated to determine
insulin sensitivity (Wallace & Matthews, 2002). Hever, because this technique involves
intra-venous (IV) infusion of insulin, frequent bld samples over a 2-3 hour period, and
continuous infusions of glucose, the glucose claeghnique is not practical for large scale

population studies.

A less costly and less arduous means of estimatswgin sensitivity is by using the glucose
tolerance test (GTT). This is performed either hgesting (oral glucose tolerance test,
OGTT) or infusing (intravenous glucose tolerancs,téGTT) glucose, and then measuring
the blood glucose and insulin response during & two to three hours, while there is
restoration of normal glycaemia. Mathematical medan then be applied to this data to infer
insulin action. Perhaps the most popular modekte @ the Homeostasis Assessment Model

(HOMA-IR) which was first described in 1985 by Matts et al. (Matthews et al., 1985).
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HOMA-IR can be used to infer insulin sensitivitydafd-cell function in the basal state,
requiring only fasted insulin and glucose measurgmerhus, it is a simple and practical
method of estimating insulin sensitivity afietell function in population studies and clinical
practice. Nevertheless, some have shown that neasut of fasting insulin alone is just as
effective at predicting insulin sensitivity as aGOTl (Stumvoll et al., 2000). In fact, studies
in Maori have shown that HOMA-IR is no better than measgufasting insulin alone, at

predicting insulin sensitivity in this ethnic groufBell, McAuley, Mann, Murphy, &

Williams, 2004). Therefore, a fasting blood sampled analysis of insulin, may be all that is

required to screen for insulin resistance iaok and others.

2.3.4 Summary

Type Il diabetes is a disorder initially resultifiggm resistance to insulin, within insulin

sensitive tissue. While the exact mechanisms whight the insulin response are not entirely
understood, it appears that high concentratiortsrofilating and intracellular lipid, associated
with obesity, interfere with the insulin signallimgscade, preventing GLUT-4 translocation

and thus uptake of glucose from the blood.
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2.4 Body Composition and Diabetes

2.4.1 Obesity and its role in insulin resistance

Mechanisms behind the relationship between bodefs and insulin sensitivity are still not
fully understood. Nevertheless, obesity is assediatith increased circulating free fatty acids
(FFA) and intramyocellular triacylglycerols (IMTGr dMCL) concentrations (Goodpaster,
Theriault, Watkins, & Kelley, 2000). This increaseFFA and IMTG is also associated with
insulin resistance in skeletal muscle (Jacob et1&99; D. A. Pan et al., 1997). Because
muscle is the most important insulin sensitiveugs@o glucose disposal), changes in muscle

insulin sensitivity affect whole body insulin setinsty.

Still, resistance to insulin in the liver also @ag role in whole body insulin sensitivity. As
discussed earlier, under normal circumstances lim&thibits gluconeogenesis within the
liver (Saltiel & Kahn, 2001). On the other hand;reased FFA has been shown to reduce the
inhibiting effect of insulin on hepatic glucoseaase, adding to the hyperglycaemic condition
in insulin resistant individuals (Boden, 1997). elstingly, elevated lipid availability
increases triglyceride accumulation in the liveiak@s et al., 1994), similar to how IMTG
accumulates in skeletal muscle, and this accunaulappears to be associated with hepatic
insulin resistance (Seppala-Lindroos et al., 200&)at’s more, extraction of insulin, which is
largely controlled by the liver, is reduced duringpatic insulin resistance, exacerbating the
compensatory hyperinsulinema in response to whotly Insulin resistance (Polonsky et al.,

1988).

Because insulin resistance can occur within limeuscle and adipose tissue, there is debate

regarding the primary site of insulin resistancal@@ell, Ikura, lezzoni, & Liu, 2007). Some
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propose that excess adiposity causes insulin agsistwithin adipocytes primarily, which
then initiates whole-body insulin resistance (Beagn& Mittelman, 1998). In a normal state,
insulin secretion suppresses lipolysis (break dadrfat) within adipocytes, facilitating
storage of triglycerides into adipose tissue. Wiltleis tissue becomes insulin resistant
however, lipolysis continues which increases catiny FFA (Boden & Shulman, 2002). As
discussed previously, increased concentration rollgiting FFA is associated with insulin
resistance. However, it appears that IMTG accunaulahas an even stronger relationship
with insulin sensitivity, suggesting that increadddA drives accumulation of IMTG, rather
than effecting glucose uptake in skeletal muscleatly (Shulman, 2000). Certainly,
situations which encourage increased FFA, alseas® concentrations of IMTG in healthy
persons, though with a delay (Stannard et al., R@DR the other hand, general weight loss is
associated with a decrease in IMTG (Goodpasterridilg Watkins, & Kelley, 2000) and
improvements in insulin sensitivity. However, Kle#t al. found that liposuction decreased
weight and body fat percentage but did not imprmgailin sensitivity (Klein et al., 2004),
suggesting that a decrease in adipose tissue samm enough to improve insulin sensitivity,
but must also be accompanied by a negative enalgnde. Although IMTG appears to be a
marker of insulin resistance in healthy peoples thias not observed in adri (Stannard,
Holdaway, Sachinwalla, & Cunningham, 2007), sugggsthat the relationship between
IMTG content and insulin sensitivity may be effettgy ethnicity. It is unlikely however, that
IMTG accumulation directly impairs insulin actidRather, other related lipid compounds that
build up within muscle cells, as IMTG accumulat@ser the insulin signalling pathway (Ellis

et al., 2000).

One theory suggests that increased fat oxidatimm) fan oversupply of fat, competes with

glucose as a substrate (Randle, Garland, Hales,efysNolme, 1963; Shulman, 2000).
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Randle et al. hypothesized that FFA induces ing@gistance by increasing the oxidation of
fat relative to carbohydrate (Boden & Shulman, 2andle, Garland, Hales, & Newsholme,
1963). They showed that an increase in fatty aamtseased intramitochondrial acetyl
CoA/CoA and NADH/NAD ratio causing inactivation of pyruvate dehydrogend his leads

to an increase of intracellular citrate, inhibitiptposphofructokinase (PFK), an important
enzyme which controls the rate of glycolysis. Tieuld then lead to accumulation of
glucose-6-phosphate (G-6-P) and inhibition of héxage Il activity, therefore increasing

intracellular glucose and reducing glucose uptake.

Others challenge this theory, suggesting that gledoansport is the primary factor effecting
insulin sensitivity while enzyme activities, such laexokinase Il in glycogen synthesis, are
secondary (Boden, Chen, Ruiz, White, & Rossett§41Dresner et al., 1999; Roden et al.,
1996). These studies found that in healthy pergbes,eduction in muscle glycogen synthesis
associated with elevated FFA, was preceded byl anfaitramuscular G-6-P, rather than an
increase as would be expected with Randle’s thetegreasing intramuscular glucose. These
observations indicate that an increase in plasrtty &cid concentrations, inhibit glucose
transport across the cell membrane, which in taduces the rate of phosphorylation (rather
than mitochondrial ratios). This then results imlueed glycogen synthesis and glucose
oxidation. Shulman suggests that fatty acid accatiar interferes with an earlier step in
insulin stimulation of GLUT4 directly or the sighah pathways that signal GLUT4
translocation (Shulman, 2000). A series of latedsts by this group confirm these findings
(Boden & Shulman, 2002). As discussed previoustghar than FFA directly inhibiting
glucose uptake, it is thought that metabolitesMTG directly interfere with one or more
stages of GLUT4 translocation. For example, longithatty acyl CoAs, the activated form

of intracellular FFA, and 1,2-Diacylglycerol (DAG)another intermediate of lipid
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metabolism, have been shown to disrupt insulimalmg through activation of protein
kinase C (PKC) which is associated with glucoseugison (Hegarty, Furler, Ye, Cooney, &
Kraegen, 2003). Another lipid intermediate, ceramidas been shown to directly inhibit the
phosphorylation of insulin signalling moleculesnuscle and adipose cells (Hajduch et al.,
2001; Summers, Garza, Zhou, & Birnbaum, 1998). Kbetess, the precise mechanism/s

responsible for disturbed glucose transport isemtitely clear.

Interestingly, fasting studies have shown that rceel periods of fasting result in elevated
FFA concentrations, IMTG accumulation and impaigtdcose uptake in healthy persons,
similar to the insulin resistance seen in obesgestd(N A Johnson et al., 2006; Stannard et
al., 2002). These findings suggest that, in anwarlary context, IMTG accumulation and

insulin resistance may have ensured an intra maiséuél supply when food was scarce,
whilst at the same time preventing muscle fromrtgkap glucose to preserve it for the brain

(Neel, 1962; Stannard et al., 2002).

To further compound the pathological effects of sitye it appears that FFAs may have a
direct effect upon secretion of insulin aptell dysfunction as well, independent of insulin
resistance and compensatory hyperinsulinemia (B&ghulman, 2002; Unger, 1995; Unger
& Zhou, 2001). Crespin et al. showed that FFA imdaosstimulated secretion of insulin in
dogs (Crespin, Greenough lii, & Steinberg, 196Qrtlkermore, larger increases in FFA
infusion resulted in correspondingly higher insuérels. It also appears that elevated FFA is
associated with increased insulin secretion in men@oden, Chen, Rosner, & Barton,
1995). These observations suggest that in obeselinnresistant individuals, elevated FFA

may stimulate secretion of insulin directly, plaginrther strain on already overcompensating
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B-cells. If this is the case, obesity has a muléfad effect upon type-2 diabetes; through

disruption of glucose disposal as well as dysfurmctf insulin secretion.

While there is a considerable amount of researghrding insulin resistance and its relation
to body composition and/or aerobic fitness, thegdiss have been done almost entirely with
European/Caucasian people (Cauza et al., 2005; gastet, He, Watkins, & Kelley, 2001,
Jacob et al., 1999; Kasa-Vubu, Lee, Rosenthal,eBirfy Halter, 2005; Thamer et al., 2003;
Uusitupa et al., 2003). To date it appears thay ame study exists on the relationship
between IMTG and insulin resistance using &@aoM cohort (Stannard, Holdaway,
Sachinwalla, & Cunningham, 2007). Unfortunatelystbioss-sectional study only involved a
relatively small cohort of convenience, and thusncd be confidently generalised to the
wider Maori population. Nevertheless, this study showed thady fatness and maximal
aerobic capacity (V@nax) expressed per kg lean body mass, were bathgspredictors of

fasting insulin concentration in apparently healtygung Miori men.

In addition, most studies which have identified thkationship between adiposity and insulin
sensitivity, have used less-direct methods to assefposity, such as BMI or skin-fold
thickness (Bogardus, Lillioja, Mott, Hollenbeck, Reaven, 1985). Surprisingly few have
utilized hydrodensitometry; the ‘gold standard’ hwet of body composition assessment. On
the other hand, body fat distribution, namely calnadiposity, appears to be more closely
associated to insulin resistance and other obeslifiyed ilinesses than total fa¢r se(Blair,
Habicht, Sims, Sylwester, & Abraham, 1984). Follogvon from this, visceral fat appears to
be more closely associated with insulin resistdhaa subcutaneous fat, fat in the extremities
and lower body fat (Abate, Garg, Peshock, Straydewsen, & Grundy, 1995; Bjorntorp,

1991; Ross, Aru, Freeman, Hudson, & Janssen, 2@@&)ers suggest that subcutaneous
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abdominal adiposity alone is more closely assodiat#h insulin sensitivity (Abate, Garg,
Peshock, Stray-Gundersen, & Grundy, 1995; GoodpaSieaete, Simoneau, & Kelley,
1997). On the other hand, Fabbrini et al. (Fabletral., 2009) reveal that intrahepatic fat is
an independent indicator of ‘multi-organ’ insuliesistance and that visceral fat is only
associated with insulin sensitivity because of #ssociation between visceral fat and
intrahepatic fat. Indeed, it is suggested that @ahatomical location of visceral fat in the
abdomen allows easy transport of FFA to the liergman et al., 2006). Regardless of
whether visceral/abdominal fat effects insulin g@nty directly or indirectly, measuring total
body fat may actually be less effective than a snmpeasure of waist circumference. In light
of this, one might suppose that the higher risloloésity-related illness seen inabti and
Pacific Islanders, at a relatively low BMI, may Bee to a genetic predisposition to harmful
fat storage. However, the literature suggeststthiatis not the case (E. Rush et al., 2004; E.
C. Rush, Freitas, & Plank, 2009). Neverthelesssinaicumference will be discussed in more

detall in section 2.4.2.4.

Given the importance of body composition in thedpron of insulin action, techniques used
to assess body composition must be accurate. Whatse, body composition (P.
Deurenberg, Yap, & van Staveren, 1998; Luke et1&97; Swinburn, Ley, Carmichael, &
Palnk, 1999) as well as body fat distribution (R&eely, Arky, & Simonson, 2001) differ
between ethnic groups, so it is important thataede in this area be ethnicity specific to

better understand diabetes risk in those grougseatest risk of metabolic disorders.

2.4.2 Techniques used to measure body composition

During the last 2 decades, literature regardinghrapometric techniques has become

abundant and modern, more complex techniques haea ltompared to less intricate
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technigues of the past. Body composition technigeds on reference data regarding the
composition of the human body. This reference dsté@ased primarily on the chemical
analysis of just a few human cadavers. Because arllynited amount of cadavers have
actually been analyzed in the past century (Clavatin, & Drinkwater, 1984), assumptions
that are used in body composition models are barsegference data that is not necessarily

indicative of the population being measured (HeyisaWagner, 2004).

2.4.2.1BMlI

The body mass index (BMI) was first developed tetike needs for screening those at high
risk of obesity related illnesses such as hypeitanseart disease and diabetes, and is based
on a simple measurement of an individual's weightrelation to their height (BMI =

weight/heightf).

In the early 90’s ‘The Expert Committee on CliniGlidelines for Overweight in Adolescent
Preventive Services’ was established in the Uni¢ates to develop specific criteria to
identify adolescents most at risk of obesity arsdcb-morbidities (Himes & Dietz, 1994).
This committee proposed that a BMI above thé" §rcentile, or 25 kg/fp was a
representation of overweight, while those above #88 percentile, or 30kg/fy were
considered obese. Three years later the InterratiOmesity Task Force (IOTF) held a
workshop in Dublin to explore the strengths andthtions of existing approaches to measure
childhood obesity, including the previously menadrnBMI cut-off points (Dietz & Bellizzi,
1999). Although a number of limitations were idéad, it was concluded from this workshop
that BMI was a reasonable way to assess obesitpegmiveight in adolescents. Similar BMI
standards of 25 kg/fand 30kg/m, representing overweight and obesity respectiviedye

been accepted as appropriate cut-off points folttheareening in adults (D. Gallagher et al.,

28



Chapter 2 Literature Review

2000). The reference data for these cut-off pamtierived from studies showing that BMI is
associated with risk of diabetes, cardiovasculaeaie (CVD) and mortality (Calle, Thun,
Petrelli, Rodriguez, & Heath, 1999; I. M. Lee, MansHennekens, & Paffenbarger Jr, 1993;
Lohman, 1981b; WHO, 1995). BMI has also been shtaworrelate well with body fatness
(Paul Deurenberg, Weststrate, A., & Seidell, 199here are obvious problems that arise
from adopting a single set of rules for BMI cut-gdfbints however, as reference data is
derived from populations that are not represergatiall groups. Therefore, what may be
applicable in a predominantly Caucasian group naybe an appropriate measure of health

risk in populations without Caucasian heritage.

Because BMI is inexpensive, easy to calculate [ttefgg)/height (m)] and non-invasive, it
has become a practical and popular tool in thesassent of obesity-related disease risk in
populations. However, because it is excess adipasiti not body weight per se that causes
obesity related iliness (D. Gallagher et al., 2QB)ssen, Katzmarzyk, & Ross, 2004), relying
solely on BMI as a measurement of obesity, hagitblems (Prentice & Jebb, 2001).
Research shows that BMI and its relation to adtgosaries among ethnic groups (P.
Deurenberg, Yap, & van Staveren, 1998; PrenticeeBbJ 2001; Seidell, 2000; Swinburn,
Ley, Carmichael, & Palnk, 1999), between age grqpsGallagher et al., 2000; Mei et al.,
2002) and differs with gender (D. Gallagher et H896). These variations lead to the issue of
appropriate BMI values that can accurately expoessweight and obesity, most commonly
known in the literature as BMI cut-off points. Fexample, when using the currently accepted
BMI cut-off points, 7 time Mr. Olympia Arnold Schweenegger, who at the apex of his
bodybuilding career was branded by the Guinnesk lmbaecords as “the most perfectly
developed man in the history of the world”, woutdle same time be considered well in the

obese range with a BMI of 33.4. Similarly, worlcdhosvned rugby winger Jonah Lomu, who
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could run 100 metres in 11 seconds in his primejlvbave carried the label of obese, with a
BMI of 31. On the other hand, a study by O’Dea let(@'Dea, White, & Sinclair, 1988)
revealed that Australian Aborigine adults livingraditionally oriented lifestyle all displayed
a BMI categorised as ‘underweight’ by current BNérslards (13.4-19.3 kgfn but showed
no biochemical evidence of malnutrition or poor ItteaAlthough these examples do not
represent the body composition of an average NZ aramomen, their examples outline a

need for specificity in BMI standards.

Much of the recent literature regarding the bodgsnadex deals with the association of BMI
to adiposity and how it differs between populatioBscause public health strategies rely on
accurate representation of health trends withinuans, and considering the extensive
research that relies on BMI use, it is importardt tthe effectiveness of BMI as a tool in
predicting obesity related illness and approprietg-off points is re-evaluated. This is
especially important for &bri, who are at greater than average risk from ibpeslated

morbidity and mortality.

BMI & Age

In his studies of ageing and its effect on bodyposition, S. H. Cohn showed that a typical
healthy male will have an increase of body fat frb&% to 29% from the age of 25 to 70,

indicating an increase in the ratio of fat to lehndy mass as ageing occurs (Cohn,
1987(citation)). Accordingly, a review by Serdulaa¢ showed that obese children were at
least twice as likely to become obese adults wioempared with non-obese children, and that
the degree of obesity in childhood increased thk of adult obesity (Serdula et al., 1993).
BMI has also been shown to increase with age, Mt 8 a representation of body fat,

underestimates the magnitude of the increase @oaditissue associated with ageing, and
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therefore fails to detect the age-associated deereflean mass (Prentice & Jebb, 2001).
What's more, the validity of employing BMI to deteine obesity in children has been
questioned (Paul Deurenberg, Weststrate, A., & Beiti991). These findings highlight the
need for age-specific BMI cut-off points. In faatpublication by Deurenberg et al. outlines
the effectiveness of age-specific formulas, showirag with such formulas BMI becomes an
accurate predictor of body fat stores with a prgaiicerror similar to skin-fold thickness and

bioelectrical impedance measurements (Paul Deurgnéeststrate, A., & Seidell, 1991).

BMI & Ethnicity

Most ethnic comparative studies of body composisbow differences in the relationships
between BMI, percentage body fat, and health risisveen ethnic groups (P. Deurenberg,
Yap, & van Staveren, 1998; Luke et al., 1997; Recen& Jebb, 2001), while some have
shown no difference (D. Gallagher et al., 1996)e Tifiternational cut-off points set by the
WHO in 1993 (WHO, 1995) come from definitions ofesweight and obesity derived mainly
from data collected by Lohman et al. (Lohman, 198Wore recently researchers have found
that some ethnic groups such as Asians and Intliavis a higher percentage of body fat than
Caucasians when controlled for BMI, age and sex Q)VA004). Polynesians and African
Americans on the other hand, are characterised Hgwar body fat percentage than
Caucasians (P. Deurenberg, Yap, & van Staveren8;18@%inburn, Ley, Carmichael, &
Palnk, 1999) because of higher proportions of fa¢-imass (Swinburn, Ley, Carmichael, &
Palnk, 1999). Prentice and Jebb calculate thatdardo have the same body fat proportion as
a Caucasian, a Polynesian would need to have a3&yti” higher than a Caucasian of the
same age and gender (Prentice & Jebb, 2001). landsand Indians however, the risk of
obesity related ilinesses such as diabetes seencriease rapidly at a BMI that falls in the

acceptable range for Europeans (Kosaka, KuzuyahidMaga, & Hagura, 1996; Prentice &
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Jebb, 2001). Because it is excess adipose tissig@nexcess weight that causes obesity
related health risk (P. Deurenberg, Yap, & van &temn, 1998), BMI scores that are
unadjusted for ethnic differences may lead to accnrate diagnosis of risk. The implication
is that those with relatively lower BMI may be &tkrof obesity related illness at a BMI lower
than the cut-off, and therefore are ignored in sheeening process as they fall within a
healthy range. Those with a high BMI due to greédeffree mass, such as Polynesians and
African Americans, would be wrongly categorizedoagse. BMI cut-off points representing
overweight and obesity should therefore be popaasipecific (P. Deurenberg, Yap, & van

Staveren, 1998).

To complicate this issue, differences in the BMtlpdat relationship have been observed
between populations with the same or similar ethraickground. Luke et al. (Luke et al.,
1997) studied the relationship between BMI and biadyn three different black populations
from Nigeria, Jamaica and the US, who all sharedramon West African ancestry. They
found that at any given BMI, the percentage of béatydiffered significantly between the
three populations. For example, males at a BMIohad a body fat percentage of 25.8% for
the US sample, while Jamaicans had 22.2% and Migenien just 16.4%. Deurenberg et al.
also observed differences between the AmericansEamdpeans within a ‘white’ cohort of
their study (P. Deurenberg, Yap, & van Staveren98)9 These findings indicate that
environmental factors along with ethnic make-up nmflyience the relationship between BMI
and body fat percentage. More importantly, theed#hce in obesity-related disease risk
between these genetically close groups, that aregrgphically disparate, requires
investigation to identify important environmentatfors. Luke et al. suggests that differences

in energy intake and expenditure (the availabityood and the amount of physical activity)

32



Chapter 2 Literature Review

between these populations are the main environin&adtors influencing these differences

(Luke et al., 1997).

BMI & body composition

BMI is one of a number of ways to assess obesily,saudies of its effectiveness compared to
other methods of measurement are well reporteduirest literature. BMI alone does not
measure body composition or the amount of adipisseid (Prentice & Jebb, 2001). Body
composition is also the reason for the obviousedsifices in the BMI/body fat relationship
between populations. In those that are highly mlascwhether from resistance training or a
natural disposition, BMI gives an overestimationbofy fat (Prentice & Jebb, 2001). Some
populations such as Polynesians also appear toahbigher bone mineral density (Swinburn,
Ley, Carmichael, & Palnk, 1999), while the body &bt populations with naturally small
frames is underestimated by BMI because of a Idexl of muscle mass (P. Deurenberg,

Yap, & van Staveren, 1998; Swinburn, Ley, Carmith&d?alnk, 1999).

2.4.2.2Underwater weighing (Hydrodensitometry)

Underwater weighing, also known as hydrostatic Wweig or hydrodensitometry, has been
accepted as an effective method of measuring bothposition (Heyward & Wagner, 2004;
Nord & Payne, 1995; van der Ploeg, Gunn, WitheredM, & Crockett, 2000). This method
uses Archimedes principle to calculate body derfsityn values of an individual’s mass in air
and their mass underwater, taking into accountater temperature (van der Ploeg, Gunn,
Withers, Modra, & Crockett, 2000). Good practicecameasures the volume of gas in the
respiratory system while an individual is fully sobrged in water (known as residual lung
volume), because this alters buoyancy. Values fassumed density of fat and fat-free mass

are then used to estimate body fat percentage dingoto algorithims based on cadaver
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studies of body density (Brozek, Grande, AndergoKgys, 1963; Norton, 1996; Siri, 1961).
Because underwater weighing is the benchmark ttiter anethods of body composition
assessment have been compared to, it is diffiauliverify the validity of underwater

weighing. What's more, more modern techniques alyboomposition appear to exceed
hydrodensitometry in its precision of body compositassessment (Heymsfield, Wang,

Heshka, Kehayias, & Pierson, 1989) (See sectio2 By

The main problem with this method is the need tmusate measures of residual lung volume
which can be difficult to obtain and uncomfortafde participants (Wilmore, 1969; Wilmore,
Vodak, Parr, Girandola, & Billing, 1980). Calculati of body fat percentage from
individuals, whose bone density or total body htidra deviates from the standard by
assumption of the four compartment model, will alssult in errors (Nord & Payne, 1995)
because of the relatively small cadaver-based sittafrom which the density equations are

drawn.

Underwater weighing can be very difficult to perfgrfor both the participant being measured
and for those administering the test. It requirgmal or tub big enough to fully submerge a
person, comfortably warm water, and easy acceasdnout of the pool. This is difficult for

old, large and/or physically incapable personstHarmore, it can be quite time consuming,
because a number of measures are needed, as wallkaation, so it is not practical for use

in population studies or in clinical assessment.

2.4.2.3Bioelectrical Impedance
Bioelectrical impedance (BIA) machines have becampopular tool for measuring body

composition. BIA is quick, non-invasive and recemidels are simple to use. BIA does not
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measure body fat directly, but measures total veahgr and segmental water content through
the impedance of tissues when a small electricaientiis passed through the body. Based on
the impedance of this current and certain assumptiegarding water content in FFM (~73%
water), body fat and fat-free mass can then bemestd using knowledge from prior
experiments associating impedance with body contipasi(Lukaski, 1987; National
Institutes of Health Technology, 1996). Fat-freessaontains a greater proportion of
electrolytes and therefore conducts electricitydrahan fat which has a relatively low water
content (Khaled et al., 1988). This implies tha tmpedance of the electrical current as it
passes through the body is related to the amoufdtof has to pass through. This method
relies on calculations involving the length andssrsectional area of the body measured
(Ursula G. Kyle et al., 2004). There are obviousiypems with this however as the length and

cross sectional area of the human body is much cwrglex than a basic cylinder.

Since BIA produces data quickly and is relativetgxpensive, it is a practical tool for
obtaining body composition data in clinical scregnand population research. The reliability
of BIA is a major concern however. Individuals maasl with BIA have recorded variations
in body fat percentage of up to 10% because ofemdifices in machines and the
methodologies used by manufacturers (National tinss of Health Technology, 1996). It
also seems that like BMI, BIA is limited by its me®r age, gender and ethnicity-specific
equations due to the differences between popukati@Mational Institutes of Health

Technology, 1996; Swinburn, Ley, Carmichael, & Ralt999). It is important that the most

appropriate prediction equation is used for eadividual.

The body of literature regarding bioelectrical irdpace is massive, and most of the research

is focused on developing the BIA methods and eqnatin order to produce more valid
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measurements of body composition, when compareddiee direct measurements such as
hydrodensitometry and DEXA. While the skill of ttechnician taking the BIA measurement
IS not a major source of error, there are manyrgesible sources of error when using the
BIA method. In the late 80’s, Caton et al. founatthbody composition measurements
obtained from BIA were significantly affected byactges in skin temperature when ambient
air temperature was changed (Caton, MolE, Adamkle&stis, 1988). In warmer conditions,

fat mass was significantly lower than in the coalenditions. Another study 10 years later
also repeated this observation and found thatlskanation (similar to sweating) also affected
impedance (Cornish, Thomas, & Ward, 1998). Thesdirfgs highlight the importance of

standardized environmental conditions when perfogndlA measures.

Because BIA is a measure of electrical impedanceoaly tissues, variation in bone and
muscular densities between individuals can affeetvalidity of BIA. In fact, BIA was found

to overestimate fatness in lean males and undera®tiit in overweight subjects, when
compared with hydrostatic weighing (Heath, Adamajnes, & Hunt, 1998; Segal, Gutin,
Presta, Wang, & Van ltallie, 1985). What's moret anly do Maori and Polynesians have a
greater muscle mass when compared with Europeaihe slame BMI, but their bone density
is also greater (Reid, Mackie, & Ibbertson, 198&irdurn, Ley, Carmichael, & Palnk, 1999).
Durenberg et al. also showed that differences olyldmuild, including arm and leg length in
proportion to the trunk, was a major cause of tierg in BIA results between ethnic groups
(P. Deurenberg, Deurenberg-Yap, & Schouten, 2002y also showed however, that when
the differences in body build were accounted fothi@ BIA equations relating impedance to
body fatness, the error disappeared. Though thezenmany studies on the different

confounders that effect BIA measurements, onlyva $eudies exist regarding the affect of
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ethnicity on the validity of BIA methods. Thereforappropriate equations are needed for

Maori, as well as other ethnic groups.

Theoretically, over hydration should give relatyvbigher electrical resistance measurements,
while dehydration will give relatively lower resistce levels (Khaled et al., 1988). A review
by Kyle et al. (U. G. Kyle et al., 2004) revealéait BIA results are affected most by whether
subjects were in the fasted or fed state. For el@r®allagher et al. (M. R. Gallagher,
Walker, & O'Dea, 1998) showed that measuring BI&h8s post-consumption of food
significantly underestimated body fat when compdeethsting measurements. Kushner et al.
(Kushner, Gudivaka, & Schoeller, 1996) showed simédffects of eating, but also reported

that the effect of eating was not apparent unt baur after food consumption.

Thus, for the most accurate and reliable resukseldpment of universally standardized
protocols are needed for BIA (U. G. Kyle et al.02D This means that BIA measurements
should be taken at the same time of the day, iastedl state, with controls to reduce the

effects of other confounders such as hydratiomstand exercise.

2.4.2.4Waist circumference

Measurement of abdominal adiposity is a good, ieddpnt predictor of chronic diseases
such as CVD and diabetes (Bell, McAuley, Mann, Myp& Williams, 2004; Lean, Han, &
Seidell, 1998; Zhu et al., 2002). In fact, measwaenhof waist circumference (WC), is a better
predictor of obesity-related iliness than BMI alddanssen, Katzmarzyk, & Ross, 2004; Zhu
et al., 2002). In a study of over 182,000 peoptenfr63 different countries, Balkau et al.
showed that WC was a stronger predictor of CVD drabetes than BMI (Balkau et al.,

2007). What's more, body fat distribution i.e. a@aper proportion of fat in the abdominal
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area, is a more important indicator of cardio-vémc(Blair, Habicht, Sims, Sylwester, &

Abraham, 1984) and metabolic health (Ross, Aruefdan, Hudson, & Janssen, 2002), than
total body fat per se. Because of the close agssmtibetween central adiposity and insulin
resistance, WC could become a practical methodsséssing risk of insulin resistance and

diabetes. .

Body fat distribution and the relationship betwesddominal adiposity and obesity-related
co-morbidities differ with ethnicity. One study Raji et al. showed that Asian Indians had
greater abdominal fat when compared to Caucasiassonilar BMI (Raji, Seely, Arky, &
Simonson, 2001). Accordingly, at a comparable BMd @age, the Asian Indian group also
demonstrated an increase of markers associatedingtifin resistance and CVD. Similarly,
Okosun et al. reported that the value of WC asedliptor of diabetes and CVD, differed
between ethnicities in a cohort of American CauwasiAfrican American and Mexican
American people (Okosun, Liao, Rotimi, Choi, & Ceop 2000). Because of these
differences, ethnic specific criteria is requiredthe use of WC as a measure of adiposity
(Misra, Wasir, & Vikram, 2005; Okosun, Tedders, €h& Dever, 2000). Nevertheless,
regardless of the differences in the relationstepveen WC and health risk, WC has still
proven to be a reliable predictor of obesity-raedlat®-morbidities in many high risk ethnic
groups, including Mexican Americans (M. Wei, GakkHaffner, & Stern, 1997), African
Americans (Okosun, Cooper, Rotimi, Osotimehin, &rrEster, 1998) and &bri (Bell,

McAuley, Mann, Murphy, & Williams, 2004).

2.4.2.5Skinfold thickness
Another way of measuring excess adiposity is thhowin-fold measurements which

measure thickness of subcutaneous adipose tissmeviirious sites on the body. The sum of
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the skin-folds taken from the sites mentioned abueg then be used on their own or put into
an equation to estimate fat stores, based on mgeradata (usually obtained from
hydrodensitometry). There are over a hundred swogulption-specific equations in use, but
generalized equations have been developed alsoMitdy& Wagner, 2004). This type of
measurement is inexpensive and easily measuredghhskill is required for reliability
(Heyward & Wagner, 2004). Measuring skin-fold thmeks is invasive however, and
concerns about the reliability of this method abseause skin-fold thickness measurements
are often only taken from a few body sites (Lohma®81b(Citation); Mei et al., 2002).
Intertechnician reliability is also a cause foroeras improper location and measurement of
skin-fold sites between technicians, as well asaehof an appropriate equation, can cause
significant differences in %BF interpretation (Loam Pollock, Slaughter, Brandon, &
Boileau, 1984) The use of reporting body fatnessnfrskin-fold measurements also has
guestionable validity since it completely ignoresriations in the subcutaneous/visceral fat

relationships which exist (Norton, 1996).

2.4.2.6Dual energy x-ray absorptiometry

A more sophisticated way of measuring body composits through dual energy x-ray
absorptiometry (DEXA or DXA). This method distingbes, then quantifies fat mass, lean
mass and total-body bone mineral, through the @isev@ x-rays of differing energy levels
(Mazess, Barden, Bisek, & Hanson, 1990; Svendsearbd, Hassager, & Christiansen,
1993). It does this by measuring the differentratégion by tissues (muscle, fat, bone etc.) of
emitted photons at two energy levels; these meamnts are then used to calculate
proportions of different body tissues (HeymsfieWang, Heshka, Kehayias, & Pierson,
1989). DXA has proven to be a very valuable metbiocheasuring body composition as it is

able to differentiate between fat and fat-free massegions as well as total body (Mei et al.,
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2002; Svendsen, Haarbo, Hassager, & Christians883)1 In fact, some results would
suggest that DXA is more precise than hydrodenstom(Heymsfield, Wang, Heshka,
Kehayias, & Pierson, 1989), highlighting its useaamethod of measuring small changes in
body composition. However, the use of DXA as a mea®f body composition in clinical
screening at a population level is not practicslit & time consuming and expensive, limiting

its use primarily to research settings (Prenticde&b, 2001).

2.4.2.7Maori and body composition

BMI has been adopted by clinicians as a practica} wf determining body composition in
New Zealand. As previously mentioned however, ttoblem with relying solely on BMI as
a measure of obesity in this priority group is tN&tori and Pacific people have a different
BMI/body fat ratio to NZEO. With this in mind, Swbarn et al. has recommended a BMI of
26-32 as overweight and 32 as obese iaoMl and Polynesians, for clinical and
epidemiological purposes (Swinburn, Ley, Carmich&ePalnk, 1999). At the standard BMI
cut-off for overweight (25kg/f Polynesians have more fat-free mass and less &t th
Caucasians (Prentice & Jebb, 2001; Swinburn, Leymithael, & Palnk, 1999), suggesting
the need for Mori/Polynesian-specific equations. Other studieggest that BMI is not an
adequate measure of fatness in a mixed Europeaaori Mnd Pacific population and other
methods of assessment such as BIA (E. C. RushaRMuMalencia, Davies, & Plank, 2003)
or waist circumference (Bell, McAuley, Mann, Murph& Williams, 2004) would be more
appropriate. On the other hand, it has been arthatdcut-off points should reflect the risk of
co-morbidities associated with a given BMI, rathesn an individual’'s lean body mass (K.
McAuley, Williams, Mann, Goulding, & Murphy, 2002 their study on a group of &dri
and non-Mori women, McAuley et al. showed thatabti women were more insulin resistant

than Europeans even when BMI levels were similar.

40



Chapter 2 Literature Review

2.4.3 Summary

Increased body fat is identified as a major causmsulin resistance. Fat is an important
substrate during exercise, although in sedentatiyiotuals excess fat from energy rich meals
is not used and fat is stored in adipose tissuenaungtle cells. A high concentration of IMTG
is associated with diabetes, but can also be sekealthy endurance trained individuals. This
suggests that the turnover of intramuscular lipidier than the concentration per se, affects
the insulin signalling pathway. Because of bodysfatlationship to insulin resistance,
obtaining accurate measures of body compositiomg®rtant in predicting many health risks.
Of the methods of measuring or estimating bodyefséndiscussed above, only DEXA and
underwater weighing have been shown to be reliabteaccurate measures. However, these
are techniques which require expensive equipmedt teined technicians to obtain the
measurements. Simple and quick means of accunatesuring body composition must be

sought if large scale studies are to become mdig. va
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2.5 Exercise and Diabetes

2.5.1 Fuel selection during endurance and high inte  nsity exercise

The increasing energy requirement during exercthge to increased skeletal muscle
metabolism, is predominantly fuelled by oxidatiohlipids and carbohydrate (CHO). The

total fuel requirement is determined by the absolbrk rate and duration of exercise, while
the proportion of fuel used, i.e. the ratio of t@iCHO, is determined by the relative intensity
of the exercise for a particular duration (Brook®/&rcier, 1994). Generally speaking, during
low intensity exercise, particularly as durationrgmases, oxidation of fat provides most of the
energy for contraction, although CHO still contitiési in part. At the onset of exercise, and
particularly at higher intensities, glycolytic flpredominates and fatty acid oxidation plays a

more minor role (Hawley, 2001).

Circulating glucose is an important substrate fontcacting muscle. It has been repeatedly
shown that if circulating glucose concentrationa b& supported or even increased in the
latter stages of prolonged exercise, then musafenpeance similarly is maintained (Coggan
& Coyle, 1987; Coyle et al., 1983). The rate ofdaoglucose utilization by contracting
muscle, is controlled by various factors includigiycogen status (Fell, Terblanche, Ivy,
Young, & Holloszy, 1982), lipid availability (Femaini, Barrett, Bevilacqua, & DeFronzo,
1983), muscle temperature (Febbraio, Snow, Stathasgreaves, & Carey, 1994), exercise
duration (Ahlborg, Felig, Hagenfeldt, Hendler, & Wan, 1974), and exercise intensity
(Hawley, 2001). Glucose uptake into muscle fibreréases as a function of contraction
(Ploug, Galbo, & Richter, 1984), whilst an exereisguced increase in blood flow increases
substrate availability (Goodyear & Kahn, 1998). recovery (at rest), glucose uptake

increases to replenish muscle glycogen storessdiae continuing oxidation takes place. At
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rest, following recovery and in the fed or postgliahstate, it is not usually availability of
glucose during exercise that limits oxidation aligise, but the process of glucose transport
into the cell. As touched upon earlier, GLUT4, tnain transport protein responsible for
glucose transport, is not stimulated to the cetfame (to enable glucose uptake) by insulin
secretion alone but GLUT4 translocation is alsoepehdently stimulated by contraction
(Ploug, Galbo, & Richter, 1984). For these reasensycise and adequate physical activity
are important in maintaining glucose transport anelenting type-2 diabetes (J. Eriksson,

Taimela, & Koivisto, 1997; Ivy, 1997).

2.5.2 Effects of an acute exercise bout on glucose transport

A single bout of exercise improves insulin-mediatgdcose disposal in insulin resistant,
diabetic and even insulin sensitive subjects (JksBon, Taimela, & Koivisto, 1997; E.
Henriksen, 2002). The insulin sensitive responsactde exercise vanishes within a few days
however, emphasizing the need for chronic exerdis&riksson, Taimela, & Koivisto, 1997;

Richter, Garetto, Goodman, & Ruderman, 1982).

A single bout of exercise also reduces body fddeialin small amounts, through increased
oxidation of intramuscular lipid, and mobilizatiasf fatty acids from adipose tissue. At
exercise intensities below 75% of maximal workloatiljzation of fat as a substrate is at its
highest (Sedrigure 2). Past this point, the relative contribution ofadgen and glucose

increases, while fat oxidation decreases (van L&@eenhaff, Constantin-Teodosiu, Saris, &
Wagenmakers, 2001). This is likely the reason whly-maximal exercise has become the

recommended form of exercise for those with instagistance or at risk of the disorder.

43



Chapter 2 Literature Review

Figure 2 — Relative contribution of substrate utilized #tedent exercise intensities (L.J.C

van Loon, 2004)
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However, because GLUT4 translocation responds techaucontraction independent of
insulin sensitivity, other types of exercise, saslresistance training, have proven effective in
improving glucose tolerance through greater exprassnd increased translocation of
GLUT4 transport proteins (Holten et al., 2004). Hes al. (Host, Hansen, Nolte, Chen, &
Holloszy, 1998) found that the increase of GLUT4rsafter training in animals, reversed
after just 2 days of detraining. Thus, in order &xercise to be effective in maintaining
glucose tolerance, exercise must be performed adgulinterestingly, the period just after

exercise is also associated with increased insémsitivity within muscle cells (Richter,
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Mikines, Galbo, & Kiens, 1989), which re-enforcdee tpotential benefits of exercise in

improving and maintaining insulin sensitivity.

2.5.3 Effects of Chronic exercise on glucose transp  ort

While the relationship between physical activitydamsulin resistance is not entirely
understood, many studies have showed that progre$m a glucose intolerant state to
diabetes, is prevented by physical exercise (Keriksson & Lindgarde, 1991; Lindstrom et
al., 2003; X. R. Pan et al., 1997; Tuomilehto ef 2001). In some cases, exercise and a
healthy diet have even led to remission of diab¢kesF. Eriksson & Lindgarde, 1991).
Furthermore, type-2 diabetics who are physicallyifie longer than diabetics who are unfit
(Ming Wei, Gibbons, Kampert, Nichaman, & Blair, Z)0Physical activity not only reduces
adiposity, but improves insulin sensitivity indepent of weight loss (Duncan et al., 2003;
Katzmarzyk, Church, Janssen, Ross, & Blair, 200%;e® et al., 2005; S. J. Lee et al., 2005),
suggesting that diabetes develops not just becaiusbesity, but from physical inactivity.
This leads to the idea that an overweight persom iwiphysically fit is protected from insulin

resistance, while an unfit lean person may begitdririsk of insulin resistance and diabetes.

Aerobic fitness is largely a function of the oxigat capacity of myocytes; the ability of
muscle to oxidize substrate. Although there areymaachanisms underlying the increase in
physical fitness that results from training, classiudies by Holloszy (J. O. Holloszy, 1967),
as well as Gollnick and King (Cited in J O Hollgs& Coyle, 1984), revealed that exercise
training increased mitochondrial content, densitg éunction within muscle fibres of rats.
Later, studies by Hoppeler et al. and Morgan ef{Gited in J O Holloszy & Coyle, 1984)
confirmed these findings in humans. Converselydisgi have shown that mitochondrial
density and content are reduced in obese (Toledatkis, & Kelley, 2006) and type-2

diabetic patients (D. E. Kelley, He, MenshikovaR&ov, 2002). However, exercise increases
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mitochondrial function and content in these groagswell (Toledo et al., 2007; Toledo,
Watkins, & Kelley, 2006). These findings highligtite role of mitochondrial content and
density as determinants of aerobic fitness, anid itng@ortance in regulating metabolic health.
What's more, oxidative capacity also mediates Hte of lipid oxidation which is associated
with an individual’s ability to maintain or lose wét (David E. Kelley, Goodpaster, Wing, &

Simoneau, 1999).

Interestingly, ageing is also associated with ainished oxidative capacity (Conley, Jubrias,
& Esselman, 2000; Papa, 1996) and insulin sensit{#ink, Kolterman, Griffin, & Olefsky,

1983). On the other hand, Rimbert et al. showetlabeobic capacity is not diminished with
age, but is associated with the physical inactititsgt accompanies aging (Rimbert et al.,
2004). This observation implies that a reductiomploysical activity in later years, rather than
age itself, as the name ‘adult-onset diabetes’ estgg explains in part, the association

between age and insulin resistance.

2.5.4 Aerobic Capacity, Oxidative Capacity and Insu  lin Resistance

Chronic endurance exercise also increases the tw@deapacity of skeletal muscle and
therefore its ability to use fat as a substrateroBie fitness is also closely associated with
insulin sensitivity. For example, oxidative enzyraetivity is closely related to insulin

sensitivity (Rimbert et al., 2004; J.-A. SimoneauK&lley, 1997). Some even suggest that
oxidative capacity is a better predictor of insuksistance than adiposity (C. R. Bruce et al.,
2003). Although measuring oxidative enzyme activétya relatively accurate representation
of a muscle’s aerobic fitness, the problem witls tmethod is that invasive muscle biopsies
are required. A test of maximal oxygen consump{ig®,max) on the other hand, is less

invasive and the only discomfort felt is the disdéorh associated with intense exercise.
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However, maximal aerobic capacity is probably lediby Q delivery to the working muscle,
rather than @ utilization (Gonzalez-Alonso & Calbet, 2003). Nebeless, a high Vénax

requires a good oxidative capacity (Bassett Jr &ldg, 2000).

Literature observing the relationship between imsensitivity and V@max is limited,
though one study found that ¥@ax was a better predictor of insulin resistanea tBMI or
even adiposity in a group of post-pubertal adoletséemales (Kasa-Vubu, Lee, Rosenthal,
Singer, & Halter, 2005). Likewise, Stannard etralealed a similar relationship between
VO,max and insulin sensitivity in a cohort of healthMaori men (Stannard, Holdaway,

Sachinwalla, & Cunningham, 2007).

There are problems using maximal oxygen consumpai®m measure of aerobic fitness
however. When used in research, M@x is most often expressed relative to total body
weight (ml.kgtotal body mass".min™), which includes fat mass. Because physical fitnges
risk factor independent of fatness, and becausketskenuscle (and not adipose tissue) is
responsible for the increase in oxygen consumpmigimg exercise, it seems more sensible to
express fitness in terms of lean body mass (W&xLBM) according to the methodology of
two previous studies i.e. (ml.kgan body mas&.min?) (Goodpaster, Wolfe, & Kelley, 2002;

Stannard, Holdaway, Sachinwalla, & Cunningham, 2007

2.5.5 Endurance training & IMTG accumulation: A par  adox

As discussed earlier, resting IMTG levels are dkyan sedentary obese individuals and
those with insulin resistance. A paradox existsarémg this association however as
endurance trained athletes also have elevatedslexfelMTG even though their insulin

sensitivity is high (Hoppeler et al.,, 1985; Morga®hort, & Cobb, 1969). Schrauwen-
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Hinderling et al. (Schrauwen-Hinderling et al., 3D@bserved that IMTG content increased
in untrained healthy males after just 2 weeks afueance training, but that this increase was
not associated with a reduction of insulin sengjtivi he authors suggest that 1) increased
IMTG accumulation is amongst the earliest respomsdgaining, 2) The presence of IMTG
alone does not have detrimental effects on ingdimsitivity, and 3) that IMTG contributes to
the fuel used during prolonged exercise. This igh&r supported by Goodpaster et al.
(Goodpaster, He, Watkins, & Kelley, 2001) who shdwleat in sedentary individuals, IMTG
content was inversely associated with insulin geMtsi, while endurance-trained subjects
were insulin sensitive despite having higher IMT&tent than the sedentary group. Thamer
et al. (Thamer et al., 2003) further suggest that dorrelation between IMTG and insulin
resistance is modified by the extent of aerobioefis, and that interpretation of IMTG
measurements and how they relate to insulin registenust include measurements of aerobic

fithess.

The difference between the obese and endurangeedrandividual is that the endurance
trained person has muscle with a higher fat oxatlatapacity and is frequently involved in
exercise, both of which are conditions enablingiéver of IMTG. Stannard and Johnson
suggest that in a context of exercise, the abitlitystore large amounts of IMTG aids in
increasing the availability of lipid as a subsrduring prolonged bouts of exercise, or at the
onset of exercise when alternative intramusculbssate, glycogen, has not been replenished

(Stannard & Johnson, 2004).

In contrast, the skeletal muscle of sedentary iddels does not have a well developed
capacity for fat oxidation, and is usually not ilwex in regular acute exercise bouts.

Furthermore, even when they do exercise, fat oxdas lower than in non-obese individuals
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for the same relative intensities (Blaak, 20078l et al. (Blaak et al., 2000) showed that
50% of fatty acids taken up by non-diabetic muselere directly oxidised during-
adrenergic stimulation, but in diabetic muscle, akhinad impaired FFA uptake, no oxidation
was detected. In addition, Goodpaster et al. (Gasidp, Katsiaras, & Kelley, 2003) observed
that in obese individuals, improvement in insulensitivity resulting from a combined diet
and exercise intervention, was associated withnareased reliance on fat oxidation during
fasted conditions. Thus, it is believed that anatahce between uptake and oxidation may
lead to accumulation of lipid intermediates in skal muscle, thereby affecting the insulin
signalling pathway and leading to insulin resista(Blaak, 2007; Moro, Bajpeyi, & Smith,
2008). In summary, the ‘paradox’ surrounding IMT@&dahow increased storage of IMTG
leads to insulin resistance in obese individualsnot the endurance trained, suggests it is the
oxidation of lipid, and therefore aerobic fithessdgarticipation in regular exercise bouts,

that dictate insulin sensitivity (Goodpaster, HaatWhs, & Kelley, 2001).

2.5.6 Exercise physiology research with M aori

To the authors knowledge, only one study existhimvestigates the relationship between
aerobic capacity and insulin sensitivity inabti (Stannard, Holdaway, Sachinwalla, &
Cunningham, 2007). This study showed that the éemapacity, or VGmaxLBM (mL.kg"
LBM.min™®) in Maori men, was able to help predict insulin sengitivhis measured by
HOMA-IR. Only one other published study has made tomparison between insulin
sensitivity and aerobic fitness, using M@axLBM. This study was done in a cohort of
Caucasian men, and no observed relationship betw®smaxLBM and insulin sensitivity in

this cohort was apparent (Coon, Bleecker, Drinkwaiteyers, & Goldberg, 1989).
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2.5.7 Summary

A single exercise bout stimulates uptake of glucasd FFA, and if the exercise is of a
sufficient duration, the turnover of IMTG. This redion in intramuscular lipid lowers the
risk of insulin resistance and increases insulimsgirity. Muscle contraction also increases
expression of glucose transporters and their toaatbn, improving glucose tolerance,
independent of insulin action. Because of this, deenand on the pancreas dhdells to
secrete insulin is reduced with exercise, furtleeucing the risk of diabetes aptell failure.
Chronic exercise improves the muscle cells abiiitymaintain healthy metabolic function
(flexibility), by increasing mitochondria contemnthich in turn improves oxidative capacity
and enhances skeletal muscle’s ability to utilipedlas a substrate (J. O. Holloszy & Booth,
1976). A higher aerobic capacity has also been shtawindependently predict insulin
sensitivity in Maori (Stannard, Holdaway, Sachinwalla, & Cunningh@®07). Thus, regular
and consistent exercise is likely an important rmseahmaintaining glucose disposal in a

healthy state, and reducing hyperglycaemia in theoge intolerant.
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2.6 Muscle Fibre type and Diabetes

2.6.1 A history of fibre type and how it's measured

In the late 18 century, French anatomist Louis Antoine Ranviesesbed that some muscle
in rabbits differed in colour and that the reddarsoie contracted at a slower rate than the
muscle with a more pale coloration (Needham, 192@)m this simple observation, the basis
of skeletal muscle fibre type study was formed #mel understanding that muscle was a
heterogeneous tissue was established. Just stadtdy Ranvier's experiments, Grutzner
(cited in Needham, 1926) proposed that all musofgéained a mixture of two different fibres
(red and white) and that the response of a musclstimulation (whether fast or slow)
depended on the proportion of these two fibresiwitine muscle. These early in-vivo studies
were done with animals, until the advancement ajisal techniques made it possible to take
samples of human muscle by biopsy (Zierath & Haw304). In the 1960’s, the needle
biopsy technique was re-introduced to the fielghloysiology (Bergstrom & Hultman, 1966),
enabling physiologists to obtain human muscle &sshile subjects were awake. Using this
procedure, samples of human muscle became moralyreadilable, allowing further

development in the study of fibre-type.

In the late 1960’s and early 1970’s, studies bytids and Kugelberg (Edstrom &
Kugelberg, 1968), as well as Burke et al. (Burkeyihe, Zajac lii, Tsairis, & Engel, 1971)
showed a relationship between physiological parareeand histochemistry within motor
units. These studies paved the way for histologarad biochemical analysis of muscle
samples, leading to current classifications based hstochemical, biochemical,

morphological or physiological characteristics (§cBtevens, & Binder-Macleod, 2001).
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Since these early studies, many techniques havedmeloped to classify fibre type, making
the interpretation of fibre type data more difficas classifications from different techniques
do not always agree (Staron, 1997). At presentpitbst common way of identifying muscle
fibres in humans is by dividing them into differerdtegories according to the myosin heavy
chain (MHC) isoform found within the fibre. Becausg/osin isoform content in a given
muscle is quite stable and relatively unaffectedcbwtraction, it has been identified as a
suitable basis for fibre-type classification (Asila Rodahl, Dahl, & Stromme, 2003).
Furthermore, measurement of MHC isoforms is propdbé best method of fibre typing
currently available, because MHC isoforms are ifiedt within single muscle fibres by

electrophoresis, meaning the analysis is quavéati

Another way muscle fibres are often identifiedhsotigh histochemical staining to measure
ATPase activity. The activity of ATPase, the enzyregponsible for breaking down ATP, is
known to be associated with myosin isoform con{&iteter, Heizmann, Howald, & Jenny,
1981) and the speed of muscle shortening (Bara®§7)L When histochemically analyzed,
muscle fibres with high ATPase activity are idaetif as type Il muscle fibres, while those
fibres with low ATPase activity are identified agé | fibres. Differing pH sensitivities
within type Il fibres can then be used to sepatgbe Il fibres into two subgroups; type IIA
and type 11X (also commonly known as IIB) (Brookeksiser, 1970 - citation only; Rosen,
1969). The problem with measuring ATPase activitthvinistochemical staining is that it is
based on qualitative analysis of the differentrstay intensities, so that any given fibre could

be classified differently by different researchi@sott, Stevens, & Binder-Macleod, 2001).

Presently there are three common fibre type dimsio humans based on MHC content; type

| — slow oxidative, type IIA — fast oxidative angpe |IX— fast glycolytic. There are
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limitations in trying to define muscle fibre typbewever, as functional properties vary within
groups of muscle fibres that have the same fibpe gesignation (Astrand, Rodahl, Dahl, &
Stromme, 2003). This is largely due to the ‘plasticof muscle fibres; their ability to

transition from fast to slower fibre types and viesa, in response to certain stimulus which
will be discussed later. Because of this ‘plasticimany sub-categories of fibre type, those
that are transitioning between ‘pure’ fibre typasd therefore express two MHC isoforms,
have been identified within human muscle (Pett®120However, this review will only deal

with the 3 most commonly used classifications bfditype, identified above.

The needle biopsy technique also has many limitati®Vithin humans, fibre type varies
between different muscles as well as within a ginerscle (Blomstrand & Ekblom, 1982; J.
A. Simoneau, Lortie, Boulay, Thibault, & Boucha2)08). Because biopsies are usually
taken from only a few sites, this inter and intrastular variation is often not accounted for,
and muscle samples are falsely considered as esyiatise of the fibre type proportion of the
whole muscle (Lexell, Taylor, & Sjostrom, 1985)oBistrand and Ekblom reported that fibre
type percentage varied between two biopsies taken the same leg by 6% for type | fibres,
4% for type IIA and 5% for type IIX (Blomstrand &Blom, 1982). When the samples were
taken from both legs this variation increased t%12% and 7% respectively. Furthermore, it
appears that fibre type distribution varies depegdin the depth of the muscle sample, with a
greater proportion of type Il fibres close to theface and type | fibres in deeper regions of
the muscle (Lexell, Henriksson-Larsen, & Sjostrd®83). The varying distribution of fibre
type within whole muscle raises concern regardimg tepeatability of obtaining muscle
samples by biopsy, and the biopsy technique’s bidilia in obtaining muscle samples to

identify those with a certain ‘fibore type proportio What's more, the muscle biopsy
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technique is invasive and requires the skill ofaaned physician with specialized equipment

(Bergstrom, 1975), making it impractical for mamgearch and clinical settings.

In accordance with early observations of differébte types having different functional
properties (Needham, 1926), more recent studies 8wwn, using non-invasive techniques,
that contractile function of muscle, such as timepeak torque and fatigability measured
externally, is related to fibre type proportionvivo (lvy, Withers, Brose, Maxwell, & Costill,
1981; Maclintosh, Herzog, Suter, Wiley, & Sokolosk993; Sadoyama, Masuda, Miyata, &
Katsuta, 1988; E. Suter, Herzog, Sokolosky, Wil&yMacintosh, 1993; Thorstensson &
Karlsson, 1976). To the author’'s knowledge, theshrigues have not yet been used as a
surrogate measure of fibre type proportion in largtedies. Nevertheless, the relationships
observed between histo/biochemically determinedefitype and functional characteristics,
indicate that methods which measure muscle coiganoperties externally, may provide a
non-invasive way to estimate fibre type proportionfuture studies. Therefore, further

development of these techniques is required.

One method of modelling muscle contraction whichk haen used a great deal in the clinical
setting is electrical stimulation (ES). ES enalmfesscle to contract independent of the central
nervous system and is therefore useful for maimeaaf strength, muscle mass and physical
activity levels during muscle immobilization/parsity (Delitto & Snyder-Mackler, 1990).
This technique is useful in a research settinghasmagnitude of muscle contraction can be
controlled with ES, and psychological factors sashmotivation are bypassed. For example,
electrical stimulation has been used to study thle of the nervous system in force
production. By administering an electrical imputsea maximal voluntary contraction, and

observing that greater force was produced withatidition of electrical stimulation, early
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researchers showed that neural factors limited maixiforce production rather than the
muscle structure (Shield & Zhou, 2004). The mosponant factor to consider when

administering percutaneous ES is the location eftedde on the skin. Placement of electrode
pads should ensure that antagonist muscles ardeiog stimulated at the same time as
agonists as incorrect placement of electrodes ttanfarce measurements (Shield & Zhou,
2004). Nevertheless, apart from error associatéd @lectrode placement, technical error is
small, as the administration, the timing and magtet of the twitch, is controlled

electronically.

Although the ES technique has been used extensivelyresearch setting as a substitute for
voluntary exercise, its use in stimulating muscdereasure contractile properties has hardly
been employed. The only published study | know biclv has employed ES to measure
muscle contractile properties is one by Blimkieakt(Blimkie, Sale, & Bar-Or, 1990). Thus,
although validity and limitations have been diseassn regard to the use of electrical
stimulation, these discussions have focused ornvdidity of ES as a tool for simulating
exercise rather than creating twitches for measen¢rof contractile properties. Therefore,

the validity of ES for use in this way, and its liations, has not been addressed.

2.6.2 Metabolic and functional characteristics of f  ibre type

A muscle’s contractile properties are determineddly by the myosin heavy chain (MHC)
protein that is expressed in the muscle fibresiwi{Bottinelli, Betto, Schiaffino, & Reggiani,
1994). However, it seems that the innervation ofsch fibores may be the primary
determinant of MHC, and thus fibre type. A classtiedy by Buller et al. (Buller, Eccles, &
Eccles, 1960) showed that slow-twitch muscles bectaster when reinnervated by the motor

neuron that originally innervated a fast muscleg afice versa. This suggests that the
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contractile characteristics of a muscle are ultetyathe result of the activity of the motor
neuron which innervates it and that any changesructure, phenotype or contractile protein

content, are secondary functions in response tmtlexvation of the fibre.

Enzyme activities also differ between fibre typEssen et al. found that activity of SDH
(succinate dehydrogenase) and HAD (3-hydroxyacyd@ehydrogenase), important
oxidative enzymes, are higher in slow-twitch fibresvhile activity of PFK
(phosphofructokinase), an important glycolytic engy is higher in fast-twitch fibre (Essén,
Jansson, Henriksson, Taylor, & Saltin, 1975). Gthleave reported a similar relationship
between fibre type and glycolytic/oxidative enzyawtivity (He, Watkins, & Kelley, 2001).
These relationships are not surprising, considetimggrecruitment of these different fibres
during exercise. In accordance with Henneman's‘gianciple’ (cited in Enoka & Stuart,
1984), slow-twitch fibres, which are part of a telaly small motor unit, are recruited during
low-intensity activity and can maintain contracti(albeit at low-intensities) for prolonged
periods. Accordingly, slow-twitch fibres requiregeeater oxidative capacity to provide fuel
during prolonged exercise. Fast-twitch fibres am ether hand, are part of a larger motor unit
and are therefore recruited during more intensetsbafi exercise that require maximal

contractions fuelled mainly by the glycolytic syste

It appears that glucose transport is fibre typecifipeas well. Henriksen et al. showed that
expression of GLUT4 transport protein was greateshe slow-twitch fibres of rats (E. J.
Henriksen et al., 1990). Similarly, Daugaard et(Bhugaard et al., 2000) demonstrated that
in humans GLUT4 expression was slightly higher (B8Din slow-twitch than in fast-twitch

fibres, both before and after a 2 week trainingquol.
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Table 2-2— Metabolic, structural & functional characteustiof different muscle fibre types

Literature Review

(Adapted from Wilmore & Costill, 2005 & Zierath &aivley, 2004)

Characteristic Slow -twitch Fast-twitch Fast-twitch
(oxidative) (glycolytic)
MHC MHC | MHC lIA MHC 11X
Type of myosin ATPase Slow Fast Fast
Time to peak tension High Low Low
Fibres per motor neuron Few Many Many
Motor unit force Low High High
Aerobic capacity (oxidative) High Moderate Low
Anaerobic capacity (glycolytic) Low High High
Mitochondrial density High Moderate Low
GLUT4 Content High Medium Low
Cross sectional area Small Medium Large
Motor neuron size Small Large Large
Nerve conduction velocity Slow Fast Fast
Fatigue resistance High Moderate Low
Insulin sensitivity High Medium Low
Capillary density High Moderate Low

2.6.3 Fibre type and exercise

As can be seen in the table above, type Il fibeeseha lower oxidative capacity than type |
fibres. This is important to note as it is thougtdt the oxidative capacity of skeletal muscle
is related directly to its ability oxidize fat (DavE. Kelley, Goodpaster, Wing, & Simoneau,
1999), and therefore take up glucose in respongestdin. If this is the case, an individual

with a greater proportion of type Il fibres in theauscles would be expected to be at greater
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risk of lipid accumulation (obesity) and whole bodgulin resistance, than one with a high

proportion of type I fibres.

Although exercise is well known to increase ins@amsitivity, Cortez et al. (Cortez, Torgan,
Brozinick, & Ivy, 1991) showed that the effect afeecise on insulin sensitivity is only
significant within the fibres recruited during tbgercise. Their studies on obese Zucker rats
revealed that with low-intensity training, glucasansport only improved in fast-twitch red
fibres (type IIA). On the other hand, glucose tmors in fast-twitch white fibres (type 11X)
only improved after high-intensity training. Accardly, Daugaard et al. (Daugaard et al.,
2000) showed that after endurance-type traininghumans, GLUT4 expression only
increased in slow-twitch fibres. What's more, Koapmet al. (Koopman et al., 2006) found
that IMTG only decreased in type-1 muscle fibregerafesistance training in untrained
healthy males, but that the decrease was closddyedeto fibre-type specific oxidative
capacity. On the other hand, this same study shdhetdthe greatest decrease in glycogen
content was in type IIX fibres. These findings filggest that the increased GLUT4 content
and increased glycogen and IMTG turnover associatiédl exercise training, is more a
function of the oxidative capacity and activity &wf the muscle fibre, rather than the fibre

type per se (Daugaard & Richter, 2001).

As discussed earlier, the recruitment of typelltds increase as increased spatial recruitment
is required, such as occurs during high intenstigr@se. Type | fibres are recruited first to
provide the majority of tension during enduranceetyexercise. Hence, the intensity of
exercise prescribed to the glucose intolerant iddesd, should be carefully considered. At
present, biopsies are required to obtain a direzasure of fibre type proportion, but this

procedure is very invasive and not practical fogdastudies. Thus, developing a less invasive
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way of estimating muscle composition could provadeneans of identifying those who are
most at risk of obesity and metabolic disordersl allow prescription of fibre-type specific

exercise.

2.6.4 Fibre type and insulin resistance

As previously discussed, insulin-stimulated glucaptake and metabolism within skeletal
muscle is influenced by fibre type (Hickey, Weidregral., 1995). Accordingly, fibre type
proportion has been related to whole body insuénsgivity and obesity. Lillioja et al.
(Lillioja et al., 1987a) found that a higher propon of type 11X (fast-twitch B) fibres is
associated with many risk factors of type-2 diabet®hile insulin sensitivity correlates
positively with the percentage of type-1 fibreskdwise, Wade et al. (Wade, Marbut, &
Round, 1990) found an inverse relationship betwia¢mess and proportion of slow-twitch
fibres in a group of untrained males. Other stuti@#e also shown increased proportions of
type 11X fibres in type-2 diabetics (Hickey, Carest al., 1995; Marin, Andersson,
Krotkiewski, & Bjorntorp, 1994). Tanner et al. (Traer et al., 2002) showed that morbidly
obese women with a higher proportion of type-1dijldrad a greater capacity for weight loss
12 months after a surgical weight loss interventawhen compared with those with more
type-2 fibres. This finding is further supported &ywtudy by Wade et al. (Wade, Marbut, &
Round, 1990) who found that untrained men with eatgr proportion of slow-twitch fibre,
had a greater ability to oxidize fat during exesciwhen compared to those with more fast-
twitch fibres. Along with the fact that slow-twitdibres have a greater capillarization and
mitochondrial content than fast- twitch fibres (g 1979), these findings are consistent with
the idea that impaired insulin action in skeletaisale is a function of an inability to properly

oxidize lipids (Goodpaster, Katsiaras, & Kelley02).
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It has been reported that the balance between tovedand glycolytic enzymes in the muscle
of obese individuals is related to insulin resis&aiJ.-A. Simoneau & Kelley, 1997). IMTG

content is also strongly related to insulin resise (Shulman, 2000). Fittingly, He et al.
showed that oxidative enzyme activity was reducedli fibre types of obese and diabetic
individuals when compared with lean subjects (Hegthivis, & Kelley, 2001). They also

demonstrated that the ratio of oxidative enzymevigtto lipid content within all fibre types

was significantly lower in obese and type-2 diabetdividuals. Though type | fibres have a
higher concentration of IMTG, this fibre type’s gter oxidative capacity and ability to
mobilize fatty acids allows for a greater turnowdrthe accumulated lipid (Blaak, 2007,
Moro, Bajpeyi, & Smith, 2008). This suggests furthere, that the rate of turnover, rather
than the concentration of IMTG, determines insgkemsitivity. Considering that fibre-type is
related to the ability to utilize fat during exesej an individual’'s muscle composition may
play a role in determining the effectiveness ofreise interventions in reducing adiposity,

and improving insulin sensitivity.

2.6.5 Fibre type proportion: Genetically or environ mentally determined?

When observing a variety of sporting and athletiengs at the elite level, it is difficult not to

notice an ethnic bias towards success in partieNants. It is common to see an African-
American running the 100m sprint at the OlympichjlevCaucasians usually find success in
long-distance events (Cited in Suminski, MatterrD&vor, 2002). On the other hand it is not
uncommon to see an African Marathon runner takela igpedal, or a European dominate the
power lifting. It is often remarked that some etliies are genetically predisposed to excel in
different athletic events (Hunter, 1998). Alternaty factors like socio-economic status or

exposure to certain sports may also explain thsecebiases.
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From their classic studies which investigated filbype proportion in monozygous and
dizygous twins, Komi et al. (Komi et al., 1977) wehe first to provide evidence that fibre
type proportion is mostly determined by genetituehces. In accordance with these findings,
Ama et al. showed that a cohort of Black men hwolher percentage of type-1 fibres when
compared to Caucasian men (Ama et al., 1986). Hewethe differences in fibre type
proportion between the two ethnic groups in thisdgt was only slightly larger than the
sampling error which occurs when using the neeitipdy to collect muscle tissue. However,
a study in the US found that obese African-Ameriseiman had a lower percentage of type-
1 fibres than obese Caucasian women (Tanner 2042), while others have showed in a
cohort of sub-elite endurance runners, that Africaen had lower proportions of type |
muscle fibre than European men (Kohn, Essen-Gustays& Myburgh, 2007). Others
challenge this idea however, suggesting that enmental factors explain a large part of the

variation (J. A. Simoneau & Bouchard, 1995).

Simoneau and Bouchard (J. A. Simoneau & BouchaB85) suggest that fibre type
proportion can be partly explained by inheritedtdex (45%) and partly by environmental
factors (40%). Elite athletes involved in enduraegercise appear to have a high proportion
of slow-twitch fibres, while sprinters have morstfawitch fibres (Costill et al., 1976). While
this seems to imply a fibre-type change with tragpiselection into events by individuals
possessing a natural endowment can occur (P. Oni@qgl Armstrong, Saubert, Piehl, &
Saltin, 1972), which may in part explain the ethgrouping observed in certain athletic

events.

Interestingly, studies have shown that muscle fipreportions can change with training.

Adams et al. (Adams, Hather, Baldwin, & Dudley, 3p®und that resistance training led to
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a decrease in type IIB fibres and an increasepe tyA fibres in a cohort of healthy men.
Staron et al. (Staron et al., 1991) also saw arease of type IIA fibres and a decrease in type
IIB fibres after resistance training in a cohortvedmen that had detrained previous to the
study. Both of these studies also showed that ideita causes the conversion in reverse
(from 11A to 1IB). Similar to resistance trainind,appears that the shift from IIB to llA occurs
with endurance training also (Schantz, Billeternklkesson, & Jansson, 1982). A reduction in
the proportion of type | fibres is seen in the deated muscle of paraplegics, but can be
reversed with muscle contraction by way of eleatrgtimulation (Martin, Stein, Hoeppner, &
Reid, 1992; Rochester et al., 1995). All of theselihgs suggest that chronic contractile
activity induces a conversion from faster, fatigabiuscle fibres, to slower, fatigue resistant
fibres. Detraining or denervation on the other handuces the conversion in the opposite
direction, from slow to fast fibres. Neverthelegsappears that in normal individuals fibre
type conversion in response to training or detrggnis limited to the conversion from IIA to
[IX and vice versa (P. Andersen & Henriksson, 13H@umard et al., 1993). While, studies in
rats have revealed that electrical stimulation witlenervated fast-twitch muscle fibres, can
‘transform’ these fibres into slow-twitch muscle ifMlisch, Gundersen, Szabolcs, Gruber, &
Lemo, 1998), no conclusive research exists to stmwersion from type IlA to type | fibres
in humans (Daugaard & Richter, 2001). Some everpqe® that exercise increases the
oxidative capacity of muscle fibres rather thamalty changing fibre type composition (P. D.

Gollnick, Armstrong, Saubert, Piehl, & Saltin, 1972

2.6.6 Summary

In summary, though it was previously thought thdiref type was solely genetically
determined, it has more recently been shown thawersion between fibre types does exist,
although to a small degree, with environmental shire. Ethnic differences in fibre type
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proportion also exist, but caution must be usethiarpreting the results of these studies as
confounding factors that also relate to ethnicsiych as socioeconomic status, may explain
part of the variation. It appears that chronic ebser induces a switch from faster, less insulin
sensitive muscle to slower, more insulin sensifilvees. Inactivity on the other hand, causes a
shift from slower to faster muscle fibres. If thgsso, the physiological benefits of exercise
would be two-fold for those at risk of insulin rstsince; first, from reductions in lipid content

and improved oxidative capacity of individual mesébres, and second from an increased
proportion of the slower, more insulin sensitiieré types. Genetics, rather than determining
a set fibre type proportion, may instead providelimits of fibre type conversion in response
to stimulus. Because of the invasive nature of thescle biopsy, research on fibre type
proportion has been limited in humans. Less inv&agvwocedures, which measure muscle
contractile properties externally, have producesllts that are closely related to the fibre
type proportions obtained through biopsy (E. Sutierzog, Sokolosky, Wiley, & Macintosh,

1993). However, it appears that these methods hatdeen utilized as a substitute to the
biopsy technique in research, or to identify tha@serisk of insulin sensitivity. Exercise

induced improvements in glucose tolerance are Bpda the fibre types recruited, thus

developing a non-invasive means to measure fibpe fyroportion could be valuable in

prescription of fibre-type specific exercise.
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2.7 The influence of environment and genes on diab  etes

prevalence

2.7.1 Ethnicity and health research

While obesity, by way of caloric imbalance, hasrb&kentified as the major factor associated
with insulin resistance, it appears that some patpuis are still predisposed to this condition
when body fatness is taken into account (ScraggeBaVetcalf, & Dryson, 1991; David
Simmons & Thompson, 2004). Because most data fiegeah ethnic disparity in health is
based on national surveys or community questioasaivhere ethnicity is self-identified,
there are problems when interpreting this data imeaetic or physiological context.
Accordingly, there is much debate surrounding thiéection and analysis of ethnicity data in

New Zealand and around the world.

First of all, because the meaning of words suchiaa®’, ‘ethnicity’ and ‘culture’ are often
confused in the literature (D. R. Thomas, 200ltgrpretation and application of such data is
difficult. For example, of the 80 participants the¢re categorised asadri in the Auckland
Region Coronary or Stroke Stu@gRCOS) only 50% (40) were classified asdvi in the
death registration data (Graham, Jackson, BeagleoDe Boer, 1989). The reason for this
discrepancy was that participants in the ARCOS ystweere classified by “cultural
affiliation”, while ethnicity in the death registran was classified according to “biological
origin — half or more Mori blood” (D. R. Thomas, 2001). Additionally, Thas points out
that changes in the census question regardingdawidoal’s ethnicity, which happened from
1981 to 1996, may not have been taken into acoabien interpreting health data over this
time period (D. R. Thomas, 2001). Secondly, becaiseconcepts of race and ethnicity are

more representative of socio-cultural identificafieather than a common genetic ancestry
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(Rebbeck & Sankar, 2005), the application of etityidata, in identifying physiological

bases for health disparities, has been deemeddrnwakome (Goodman, 2000).

In spite of this, there is clear evidence that-gkdhtified ethnicity is closely associated with
genetic variability (Tang et al., 2005), suggestihgt while ethnicity may be more closely
linked to socio-cultural factors, there is still genetic basis to ethnicity. Nevertheless,
methods of differentiating groups according to genancestry are limited. In fact, only one
study to my knowledge, has observed disparitieype-2 diabetes prevalence according to
genetic ancestry (Gardner et al., 1984), and tiidysdid show that type-2 diabetes did, in
fact, correlate with genetic ancestry. However, thethod used in this study to quantify
ancestry was skin colouration, which is not neadélgsan accurate representation of ancestry

(Parra, Kittles, & Shriver, 2004).

Self-identified ethnicity is a complex concept whis difficult to interpret in the context of
physiological research. Therefore, further reseanmth discussion is required to ensure that
ethnicity data is collected, analysed and integaredppropriately when applied to health,

medicine and scientific research.

2.7.2 Environment vs. genetics

Because problems exist in the interpretation ofietty data, it is difficult to understand the

relative contribution of environmental and genétituences in ethnic health disparities. For
example, Diamond (Diamond, 2003) described howldiaest prevalence of diabetes is in
rural third world areas where food is scarce armpfeeare forced to expend energy to obtain

food. Whereas, prevalence is highest in rural arelsre food is easily obtained and a
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sedentary lifestyle has become the norm, emphasihe role of environmental factors on

ethnic disparities in obesity and diabetes.

On the other hand, Diamond points out that prewaesf diabetes is relatively low among
European groups living urban lifestyles and higtssbng Nauru islanders, Pima Indians of
Arizona and Wanigela people in Papua New Guindapfalvhich have only (relatively)
recently adopted a ‘Western’ way of life. Thushaligh Miori and other ‘high-risk’ ethnic
groups appear to have an abnormal predispositwartbobesity and its co-morbidities, it is
actually European groups who are unique, in thatpgtevalence of obesity and diabetes is

relatively low even in a similar environment.

From the literature, a number of physiological eaéeristics can be identified which may be
responsible, in part, for the disparity in metabalontrol that can be seen between Europeans
and other ethnic groups, such as NZEO armbrMin New Zealand. Physiological factors
associated with insulin resistance include unfaabler body fat distribution (S. E. Kahn et al.,
2001), a decreased fat-storage capacity in adifiesmge (Lewis, Carpentier, Adeli, & Giacca,
2002), a greater tendency for fat accumulation irscte (D. A. Pan et al., 1997) and liver
tissue (Seppéala-Lindroos et al., 2002), a greatgygytion of fast-twitch muscle fibre (Lillioja

et al., 1987a), reduced mitochondrial content/immct{D. E. Kelley, He, Menshikova, &
Ritov, 2002), and diminished insulin secretidgstcéll function) (Hollenbeck & Reaven,

1987).

Although literature is abundant which supports ttance that environmental factors
determine ethnic health disparities, the purposehd part of the review is to focus on

physiological explanations for ethnic health dises.
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2.7.3 Genetic adaptation and ethnic health disparit  ies

In view of the physiological characteristics asatail with lipid accumulation and insulin
resistance, many authors have sought to explagigmasitions to obesity and poor metabolic
health, in the context of genetic adaptation toiremvnental stresses. For example, Diamond
reasons that, in response to gradually increagsind supply in Europe between the fifteenth
and eighteenth century, Europeans may have devkpeotective adaptation to the effects
of caloric imbalance (Diamond, 2003). AlternativeRridlyand and Philipson (Fridlyand &
Philipson, 2006) propose that the physiological rabiristics which appear to protect
Europeans from unfavourable lipid accumulation srsdilin resistance, can be explained by,
what they term, ‘cold climate genes’. Their the@ybased on the thought that as humans
migrated to colder areas in the North, the metalfalctions associated with thermogenesis,
adapted to aid survival in cold climates. Thermage is largely associated with the basal
metabolic rate (BMR), which is determined by metabprocesses in the mitochondria of
skeletal muscle. In context of obesity and insuisistance, basal metabolic processes are
responsible for almost all expenditure of energydio individual living a sedentary lifestyle.
The implication is that those with an increasedabelic rate, by way of a genetic adaptation
to cold climate, would have an advantage in redyeitiposity over others living a sedentary
lifestyle, through an increased ability to oxidigrcess substrate. Fridlyand and Philipson
point out that while the ancestors of Europeansy Viled in many far North areas, would
have benefited from such an adaptation, the adaptatould not have occurred in the
ancestors of Africans, South East Asians and Ralslfanders, who originate from equatorial
areas. In connection with this, African Americanmen were found to have a lower RMR
than Caucasian women, even when lean body massaeamsinted for (Forman, Miller,
Szymanski, & Fernhall, 1998). Likewise, a study Rysh et al. (E. C. Rush, Plank, &

Robinson, 1997) revealed that the resting metalalie of young Mori and Polynesian
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woman was lower than in young Caucasian women. €l laeshors also propose that this
decreased resting metabolic rate may predispag®ifrolynesians to obesity and the onset
of diabetes. Fridlyand and Philipson observe thaiharease in the number of mitochondria,
or increased mitochondrial activity, could be thechmanism that adapts in a cold climate,
increasing basal metabolic rate and heat productoidlyand & Philipson, 2006). Others

have also suggested that physiological adaptiarold climate is associated with increased
mitochondrial content or activity (Lowell & Spiegedn, 2000). Interestingly, mitochondrial

content is also associated with aerobic capacitlyfdme type, both of which are associated

with insulin sensitivity.

As discussed previously, fibre type proportion eh$f between ethnicities and a greater
proportion of fast-twitch muscle fibre is assocthteith increased risk of insulin sensitivity
and diabetes. It is interesting to note that in ynemstances the same ethnic groups which
have been identified as predominantly ‘fast twitai’physiological studies, are also those
who are identified as metabolically disadvantageapidemiological studies. For instance
Tanner et al. found that obese African American wormpossessed a greater proportion of
fast-twitch fibre when compared to obese Caucasian (Tanner et al., 2002). What’s more,
Ama et al. found that sedentary Black men had atgreproportion of fast twitch fibre
compared with Caucasian men (Ama et al.,, 1986)ydcordance with these findings, the
1999/2002 National Health and Nutrition Examinat®urvey (NHANES) showed that 11%
of African-Americans were diabetic compared witlstjlb.2% of Caucasian Americans
(Cowie et al., 2006). Likewise, diabetes is moranthwice as prevalent in adri than in
NZEO (when adjusted for age) (Ministry of Healt®02b, , 2008). Thus, it is possible that a
genetically determined fibre type proportion maydmeunderlying factor in predisposing, or

protecting, certain ethnic groups from the detritakbreffects of a sedentary lifestyle.
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Nevertheless, no studies to date have investighibed type proportion in Mori, so the
application of this theory to Bbri is limited to assumptions gained from fibre¢yptudies

done in other ethnic groups who share a disprapmate prevalence of obesity and diabetes.

Similar to the theories previously mentioned, Ne&hrifty gene’ theory also seeks to explain
ethnic disparities in insulin resistance as a tes@lsurvival adaptations. Neel's theory
however, is based on the metabolic adaptationseddaward survival from starvation, rather
than cold climate. This theory suggests that instéisistance is a natural response to food
scarcity, which preserves blood glucose for braimction (Neel, 1962; Stannard & Johnson,
2004). When combined with excessive feeding anedlargtary lifestyle however, over supply

of substrate and energy imbalance makes this meschdar survival a destructive condition.

In recent years, many more theories have been lptmdusuch as the ‘adipose tissue
overflow hypothesis’ (Sniderman, Bhopal, PrabhakaBarrafzadegan, & Tchernof, 2007)
which proposes that some ethnic groups, in this &Gmith-East Asians, may have a reduced
capacity to store fat in subcutaneous adiposedjslmading to a greater accumulation of
abdominal fat. Thus, because a greater distribudfdiat in the abdominal area is associated
with a higher-risk of metabolic disorder (S. E. Kabt al., 2001; Ross, Aru, Freeman,
Hudson, & Janssen, 2002), and because Asian pandateem to have greater abdominal
adiposity compared with Caucasians of the same BMang et al., 1994), the effect of
caloric imbalance on insulin sensitivity is greatethis ethnic group than those who are less
prone to central adipose storage. Similar to tlwd‘climate’ theory discussed previously,
Sniderman et al. suggest that the reduced capacstore fat in subcutaneous adipose tissue
could be an adaptive response to climatic influene®wever, ‘adipose tissue overflow may

not be a valid explanation inadri and Polynesians, who are more muscular thaamssand
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Caucasians of the same BMI (P. Deurenberg, Yapai& Staveren, 1998; Swinburn, Ley,
Carmichael, & Palnk, 1999), and have a relativelydr abdominal distribution of fat (E.

Rush et al., 2004).

Although none of the theories discussed have baeestigated in Mori, these theories
warrant further investigation regarding the conttibn of environmental and genetic factors
to the development of obesity and its associatethloéc disorders. When taking into
account the theories presented, it is possible Nf#atri, who likely descend from ancestors
that lived close to the equator, and also facedg@srof starvation, have a double genetic
disadvantage when faced with a lifestyle of calambalance by having ‘thrifty genes’,

without the advantage of ‘cold climate genes'.

2.7.4 Summary

A number of theories have been developed to exphergenetic adaptations responsible for
ethnic disparities in metabolic control seen inaleped countries. When taking these theories
into account, Mori are genetically disadvantaged in a modern, rdadg lifestyle. It appears
that a genetically determined fibre type proportinay also increase the risk of obesity and
therefore insulin resistance and diabetes. Whilaesstudies have shown fibre type to be
genetically determined, it appears that environaldiactors, such as training, may be just as
important in determining fibre type proportion. Aegter understanding of fibre type, and
whether metabolic processes differ between ethraogs, may shed some light on why the
disparities exist in obesity, insulin resistanced afiabetes. Because ethnicity is a social
construct and not necessarily biological, develgpitethods to measure someone’s ancestry

could also prove valuable.
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3 The Interface between Exercise Science and
Maori Health

3.1 Introduction

When the World Health Organisation (WHO) was festablished, it defined health as a state
of complete physical, mental and social wellbeing aot merely the absence of disease or
infirmity (WHO, 1946). Similarly, a Mori view of health is holistic and focuses on weitiy
rather than just absence of illness (M. H. Dur@89). Past experience however, suggests that
the focus of mainstream health systems and headiarch seems to be on the treatment of
illness (Booth, Gordon, Carlson, & Hamilton, 200B)irthermore, indigenous views are often
overlooked as health is approached in a Westermengi$achdev, 1998). Because we view
the world differently, a Mori approach to health and research (along witbtakr aspects of
life) differs from that of the ‘norm’ taken by ndviaori. Cultural sensitivity is important and
can become an ethical issue when assumptions ate tinat certain requirements for research
and interventions which are appropriate for nofisM must also be appropriate forabti.
Because the Bbri view of hauora (often incorrectly used synonysly as a translation of
the English word for ‘health’) differs from a nonabti view of health, the measures of
success for hauora also differ from those exprefsethe idea of non-bri health. Hauora
includes a spiritual and holistic view and is idigpendent, involving friends and avtau,
compared with the naturalistic, individualistic wief mainstream health models (M. Durie,

1994).

As lifestyles in developed countries, such as Nexaland, Australia and the US become
more sedentary, and food supply more abundantaj@ese of obesity related illnesses such

as diabetes have increased dramatically (Diamof@3)2 The different ethnicities living
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within these developed countries seem to be digptiomately affected by this growing
epidemic however, with indigenous groups suffenmgst (Gohdes; Moore & Lunt, 2000;
Young, Reading, Elias, & O'Neil, 2000; Zimmet, 1973imilar to indigenous people of other
westernized nations, &ri in New Zealand are effected more by diabetas thew Zealand

Europeans (K. McAuley et al., 2001; David Simmon3&ompson, 2004).

Although intervention programs have been develdpedlow the increasing prevalence of
diabetes, recruitment of #dri into many research and health intervention @og has not
been successful (Murphy et al., 2003; Ni Mhurchaaale, 2007; Tuttle, 2002). While
programs aimed at improving adri well-being have good intentions, success ofs¢he
programs is not dependant on the quality of th@rmétion presented but whether its
approach is culturally appropriate. Programs thateamed at Mori are no doubt beneficial
to Maori health but cannot be expected to succeed ruiteeent and delivery of services
continues to be approached in a Western mannaoriMvill continue to respond poorly if
researchers and those who develop interventiontincento overlook Mori views; and
according to current trends, ifddri continue to respond poorly and today’s intetigars are
unsuccessful, an unsustainable burden on the hggtbm (PricewaterhouseCoopers, 2001)

and the endangerment of thedi people is inevitable.

3.2 The Scientific Approach

Western science tends to be reductionist, and firereseeks to understand behaviour and
actions by breaking specific scientific units omcepts into smaller parts. According to a
reductionist view, diseases and health conditioms be explained by understanding the
cellular pathogenesis associated with the condifltén Andersen, 2001). When related to

diabetes for instance a biomedical view would deelinderstand the condition’s relationship
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to cellular mechanisms and observe molecular inmgals within the cell. Though the
physiological mechanisms of the condition are Ipettederstood due to this reductionist
approach, the pharmaceutical interventions develdmen this understanding does not seem
to prove more effective than the prescription ofolehbody exercise (Stannard & Johnson,
2006). It has also been argued that the reductionamy diseases to cellular and molecular
mechanisms is so complex that no conclusive exptanaf disease pathology can be
obtained through reduction anyway (H. Andersen,1200his complexity could explain why
the mechanism/s that leads to insulin resistantieckide researchers as research suggests
that insulin resistance is a result of a disordembre than one part of cellular metabolism or

physiology (B. B. Kahn & Flier, 2000; Stannard &igon, 2004).

A scientific understanding of physiological meclsmns is important however as it allows us
to better understand the reason behind trends \wabeby epidemiological studies.
Physiological findings have also been a drivingéon motivating legislative change related

to health problems (Booth, Gordon, Carlson, & Hawoni] 2000).

Another characteristic of Western science is thas inaturalistic in that it disregards any
supernatural phenomenon as an explanation (Hardegcier, 2006). A disregard for that
which many indigenous people may consider as splrknowledge, whether intended or not,
can be a barrier to 8bri acceptance of scientific research as a valuabdd in their

development.

Although science exists as a vehicle to understhedunexplained, it has drawn a clear
distinction between itself and indigenous undeiditetn Because indigenous knowledge

includes a spiritual aspect, approaches reseaffdratitly and is based on a different set of
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values, it is pushed aside and branded irrelemstientific knowledge. Science in its purest
and most basic sense however is not just the s@hncl@emistry, physics and biology
associated with modern sciences, but is defindchawledge, whether obtained through the
usual scientific methodology of observation, expemtation and theory or not (Harris &

Mercier, 2006).

3.3 The Holistic Approach — The M  &ori Approach

The WHO and other health organisations are takimpee holistic view of health than typical
medical sciences have taken in the past. A holigiproach maintains that all levels of social,
psychological and biological health are linked &ale other so that if one changes, the others
are affected. According to this view, the charastes of wellbeing, a collective outcome,
cannot be understood by focusing on the charattsrisf each component separately (H.

Andersen, 2001).

Where Miori views differ from that of the holistic view tak by the WHO however is that
the Maori holistic view of health includes a spiritualpast. This spiritual aspect does not
only encompass the adri link to God and the divine, but includes a sgesense of unity
with their environment, which link is thought to bee most defining element of indigeneity
(Mason Durie, 2004; Kame'eleihiwa, 1992). Indigeng@eople globally have holistic views
similar to the Mori concept of health and wellbeing, known tadvi as hauora (Smylie,
Anderson, Ratima, Crengle, & Anderson, 2006). Taiscept includes a balance between the
mental (hinengaro), physical (tinana), social/egtshfamily (whinau) and spiritual (wairua)
dimensions of health (M. H. Durie, 1985; Smylie,d&nson, Ratima, Crengle, & Anderson,
2006). Maori Health models such as Whare Tapa Wha, develbpedason Durie, represent

these four aspects of health and have been adbptedny as a contemporaryabti view of
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health. Miori are also more concerned about the health atibeiwsy of whinau collectively

rather than that of the individual (M. Durie, 1994)

Though it may be seen that science has disregdngel@gitimacy of indigenous knowledge,
indigenous people often dismiss the scientific rmétHue to its failure to recognise spiritual
aspects of learning (Mason Durie, 2004). In oraerMaori to develop in a colonized world,
Maori health researchers must ask the question “Haw Maori health issues be better

understood through Western-science, while stillnt@aning cultural integrity?”

3.4 Exercise Science — The Bridge

Though research would suggest many indigenous grtupe physiologically susceptible to
diabetes and its complications, a few studies shmat prevalence of diabetes is low in
indigenous people that continue to live a traddidifestyle, but high in those who adopt a
westernized way of living (Eaton & Konner, 1985mitnet, 1979). Though it is unlikely and
impractical to think that Mbori could (or would) return to a completely tradital way of
living, the implication is that intense exercisa (@escribed in a gym culture) may not be
necessary for the maintenance of health oMl but that the everyday activities similar to a
traditional lifestyle, such as cultivation of lanalnting, physical labour or even kapahaka,
would suffice. It is important then that the betsebf exercise (or increased physical activity)

are understood by abri.

Exercise physiology is the study of how our bodmsictures and functions are altered when
we are exposed to acute and chronic bouts of esee(@Vilmore, Costill, & Kenney, 2005).
Literature regarding the research approach of eehysiology is scarce however, though

one editorial in the Journal of Physiology concldidinat the main regulatory and adaptive
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responses to acute and chronic exercise defy singolectionist explanations’ (Joyner &
Saltin, 2008). This implies that the study of ex®¥cphysiology is best approached at a

holistic level.

As type-2 diabetes is a disorder within skeletakahes it would be ideal to study muscle in a
contracting state in order to better understandetifiects of exercise on the physiological
mechanisms associated with diabetes. Neverthddesause it is not (yet) possible to study
muscle cells directly in vivo during exercise, ttesponses to exercise of other systems (e.g.
respiratory, cardiovascular systems) are obsemns&edad. These systems, which also adjust to
the energy requirements of contracting muscle etiset of exercise, are related to skeletal
muscle metabolism and are therefore an indirect afapbserving the metabolic changes that
occur in vivo. Therefore in order to understandbdias and its relationship to muscular

metabolism, the body must ultimately be studied agstem.

Exercise physiology does follow the scientific noathlogy of observation, experiment and
theory, but because it tends to be more holistidgsrapproach to health issues than other
physiological sciences, it could prove a valualdel tin bridging a gap between western
science and indigenous knowledge. Durie expressggdsearch and methods need to make
sense to Mori (M. Durie, 1994), and because exercise scieatans this systems approach
and requires an understanding of the whole bodyorese to exercise, its application is easy

and often appeals more to those that are inexpaieim scientific research.

Understanding the physiology of exercise iadvl also allows us to better understand the
guantity and the type of exercise that could bestehit Maori (Booth, Gordon, Carlson, &

Hamilton, 2000). Regardless of molecular or ceftlidaplanation, the simple truth is that
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physical activity and exercise is likely to reddhe risk of diabetes in Bbri similarly to non-
Maori (Burstein, Epstein, Shapiro, Charuzi, & Karni@R90; Cauza et al., 2005), along with
many other chronic diseases. While the study ofase physiology may appear to focus on
just one aspect of the four part health modek interesting that literature suggests that the
effects of exercise are not only limited to tindme cross to other aspects of the hauora model
by improving mental health, vihau health and overall well being (Fox, 2007; Pen&d

Dahn, 2005).

It is my concern as a #ri exercise physiologist however, that the emhasi the holistic
view of health among Bbri and their movement toward such multi-dimensiohealth
models as Whare Tapa Wha, may lead somaerMo under-emphasize the importance of
physical health (tinana) in &ri development. Though tinana is only one paraahulti-
dimensional view of health, it must not be negldas less important than the other parts. If
traditional views incorporated into everyday lifeeahe desire for Kbri, then physical
activity and healthy living, normal parts of theaditional Maori lifestyle’, must be placed
near the top of priorities. Whether consciously tfoe benefit of health or not, pre-European
Maori were physically active. In saying this it istmotended to take away from the other very
important parts of hauora represented in such sstidemodels as Te Whare Tapa Wha, but
to emphasize the importance of re-introducing, eatthan ‘educating’, Mbri to the
physically active lifestyles their bodies are geradly designed for (Booth, Gordon, Carlson,
& Hamilton, 2000; Stannard & Johnson, 2006). Exscphysiology will allow Mori to
better understand exercise and how it relatesew Wellbeing, and could therefore prove a
valuable tool toward achieving hauora. The idea ¢xarcise and eating healthy is a Western

view, introduced by Pakeha, is false. However ttablem may be in the way the ‘physically
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active lifestyle’ is presented in New Zealand, whioay not appeal to &dri and cause the

message to appear as ‘Western medicine’.

3.5 What is happening in New Zealand?

In their 2000 world health report, the WHO made stetement that one of three principal
goals for health-care systems should be ‘responeggeto the expectations of the population’
(Smylie, Anderson, Ratima, Crengle, & Anderson,&0M the past the New Zealand health
system, dominated by European influence (HWAC, 20086s not been ‘responsive to the
expectations’ of Mori, as their views and cultural concepts towardlthmehave not been
included. Recently however, the New Zealand govemimhas attempted to better meet
expectations of its Bbri population with strategies such as He Korowaar@a and
Whakatsitaka which were developed by the Ministry of Head#is part of a framework for the
public health sector to follow in its support oiitdi communities and wimau. The main goal
of He Korowai Oranga is achieving ‘&hau ora’; the realisation of maximum health and
well-being among Mori families and communities. These strategies askedge the
importance of a close relationship between the goaent and Mori at all levels i.e. Iwi
(tribe), hapu (sub-tribes), community andarau (family) levels etc. An underlying theme
that runs through all of these government strategighat Mori need to be involved in all
aspects of Mori health and that the incorporation of aadvi approach is necessary for

successful implementation.

3.6 Implications — The Interface

Throughout the world much has been said regardiegricorporation of indigenous values

into national health systems. During a nationaloM health conference held in 1984, Hui
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Whakaoranga, [&bri recommended that ‘health and educational unstihs recognise culture
as a positive resourcéli Whakaoranga 1984). Harris & Mercier also comment that
learning from more than one knowledge system céyionarease knowledge and help people
make better-informed decisions in a multi-cultwalld (Harris & Mercier, 2006). Just as the
scientific world can benefit from the addition ofadti knowledge and views, &ri can
benefit from scientific knowledge and methods dadesrch. Mori researchers agree that
kaupapa Mori research is not against the use of scientifiethods (Cram, Smith, &
Johnstone, 2003; Mason Durie, 2004), but are caecerabout cultural sensitivity and
whether Miori benefit directly from the research they’re itwad in (Bishop, 1998). In order
for Maori to benefit from science howeverabti must first be able to trust in researchers and
scientific research systems. This will be possibigtn more Western-trained adri scientists
and an understanding and acceptance abrMvalues among researchers and research

institutions (Harris & Mercier, 2006).

Focusing research on the prevention of diabetéiserahan treatment, is the key to ridding
Maori of the burden of diabetes and other obesitsteel chronic illnesses. When related to
health, many physiologists take a reductionist apghn, racing to understand the molecular
mechanisms of diabetes in search of the ‘diabeis @nd therefore aiming at the

secondary/tertiary treatment of the disorder. BEserphysiology on the other hand, is focused
on primary prevention (preventing obesity, insulgsistance, chronic illness etc.) and the
response of the whole body system to exercise. e\Mpilarmaceutical interventions have
proven effective in treating insulin resistancejsitoften at the detriment of other bodily
systems (Doggrell, 2006; Stannard & Johnson, 20@6¢ontrast, exercise improves insulin
sensitivity better than pharmaceutical interventiamd affects other body systems

(cardiovascular, respiratory, neural systems) positive way (Stannard & Johnson, 2006).
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Similarly, traditional Miori health practices focused on primary preventidtthough
procedures existed for the treatment of diseasectimcept of ‘tapu’ which applied to all
aspects of Mori life, was preventative by nature, acting asypetof illness and accident
prevention (M. Durie, 1994). Not only is it morerhane to avoid the suffering of diabetes but
it is also much more cost effective in terms of @o®nomic burden on health care (Booth,

Gordon, Carlson, & Hamilton, 2000).

3.7 My Research

The aim of my research is not only to better urtdexd how insulin resistance leads to
diabetes in Mori, but to develop a suitable methodology for egsk at the interface of
science and [&bri health and to help Bbri develop trust in scientific research techniques
discussed earlier, exercise physiology antbiMhealth are focused on primary prevention,
which is the main purpose for studying a cohomafi-diabetic Mori men that are clinically

and self-identified as healthy.

Maori are under-represented as scientific researctrtasris & Mercier, 2006) as well as
participants in scientific research, but one wheeares my insulin resistance study is able to
witness a rather rare scene ofidvi participants participating as part of aamhu-like group

in exercise physiology testing procedures, condalbte and under, the direction of a team of
Maori researchers. Much like the approach taken ibliputhealth studies, this research
involves larger cohorts than most exercise phygwlstudies with between 24 and 50

subjects in each study.

Because the achievement of hauora is the ultimadéaf Maori research, there also needs to

be changes when measuring the outcome of inteorentand research to observe overall
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wellbeing rather than just the absence of ilinédason Durie, 2004). hope to apply this to
my research by including questionnaires and grotgryiews based on #dri perspectives of
health, as part of the research process. By dbisgltwill be able to gain an understanding of
how participants feel about exercise and the methaidresearch that were used in my
research, and the effect of these methods on wdirnangaro, tinana and atau; similar to
principles of a framework developed byadti health researchers to measure mental health

outcomes (M. H. Durie & Kingi, 1998).

Research also suggests that data collected ammiMnd other indigenous groups is taken but
often not compiled and fed back to the groups onmanities from which they came (Smylie,
Anderson, Ratima, Crengle, & Anderson, 2006). In mesearch however, | have compiled
results of findings and reported back to the irdlnals and the group as a priority activity,
explaining the implications of my research findingsd how it may affect the individual

participant as well as bri collectively.

3.8 Limitations of the methodology

As this approach is an innovation it suffers theasdimitations as all innovations:
a) There are no examples to follow, b) there maynbempatible principles/methods which
need to be reconciled, and c) It may or may notdbevant to participants of other ethnic

groups/cultures

Also, as Miori are usually represented at a lower socioecoona@taitus and health status, it
can often be difficult to recruit Bbri participants that show a true representatiothefNZ

Maori community. Many of the [&bri who participated in this research came fronerd,
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church, employment or university networks so akelyi more healthy, better educated and

better employed than average NZdu.

What's more, ethnicity is self-identified in thehmots | studied. As discussed previously (see
Section 2.7.1), ethnicity is more closely assodatdth socio-cultural identity than genetic
make-up, making the interpretation of ethnicityaddtfficult when observing physiological
characteristics. Thus, those who identified a®Min my studies did not necessarily share
genetic traits. Nevertheless, this problem is mique to my studies, and discussion regarding

the issue of ethnicity data in scientific researstabundant in current literature.

3.9 Discussion

The paradox with Western science is that whileistavers treatment and technologies to
better understand and conquer diabetes, the sawamas in technology have led to the
sedentary lifestyle that supports the conditione plarpose of this paper is not to dispute the
value of scientific research which obviously spefgkstself, nor argue that a &dri approach

to research is more effective, but to present tesibility of using both methods of research
to benefit Miori and non-Mori alike. As indigenous people, it is our right have Miori
views used in the research process and in the capipin of findings into intervention,
especially when we are hardest hit by the resetaqmb. Although Miori are becoming more
involved in Maori-focused research, the ultimate goal in thisseeshould be Kbri-driven
scientific research that is developed bgdvl for Maori, using a combination of scientific and
Maori methods while maintaining cultural integrityhd scientific idea that indigenous
knowledge is only applicable to pre-colonizationds is a barrier that will only hinder health
research. The New Zealand health system, whicluidemed by ‘unhealthy Bbri’, would

also benefit greatly by investing more into impré\Waori wellbeing.
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Research in the past has been focused on the segoamad tertiary treatment of diabetes,
whereas a shift in focus is needed toward primaeygntion. As habits are formed early in
life, these interventions should appeal to rangafgbung people) and tamariki (children).
The editors of The New England Journal of Medicivrete “We need to do a better job of
educating people about healthful diets...Encouradjieipng, regular exercise in children
may well have the greatest effect in terms of pnéng obesity”’(Kassirer & Angell, 1998).
On the other hand, while interventions such aslthgaating — healthy action” (also known
as Oranga kai- Oranga Pumau or HEHA)(Ministry ofalle 2007) have focused on
‘educating’ Maori about key health issues such as the need tacise and a balanced diet, it
is ignorant to believe that #ri are not aware of the dangers of a sedentagtiife and bad
diet already. These well planned strategies widirthigh funded research and interventions
may yield the greatest success amormgtiiwhen the approach is made culturally approgriat

for Maori.

The notion of applying Mbri knowledge and views to current health reseaattngside a
physiological approach, will only benefitadri and scientific knowledge equally. Durie puts
it simply that exploring the interface ofadri views and science allows us to shift the focus
from “proving the superiority of one system ovemtoer to identifying opportunities for
combining both”(Mason Durie, 2004). While we ardlat exploratory stages of the interface
between exercise physiology andadfi health research, the combination of these two
methods could become a powerful tool in the futtoeyetter understand the problems facing

Maori and allow the development of more effectivementions.
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4  Hypotheses and Research Design

4.1 Research Design

The following five studies were chosen to invediegthree separate physiological factors,
each of which have been shown to be associatedob#hkity and insulin sensitivity: Aerobic
capacity fitnes9, body composition fatnes$, and skeletal muscle fibre-type proportion
(fibre-typg. With regard to Mori, no published studies have investigated fibypet
proportion and only one study has investigatedlaercapacity. As Mori are worse affected
by obesity and its co-morbidities, these studiesewahosen to better understand how the
aforementioned physiological factors might contidbuo the development of insulin

resistance and diabetes iradfi.

Study 1 Study 2

Aerobic fitness and adiposity as Aerobic capacity and adiposity a

\"44

predictors of fasting insulin predictors of fasting insulin

v

concentration in healthy adri concentration: A comparison
men. Is the relationship consistent between glucose tolerantali
over time? and non-Mori men

Study landStudy 2specifically investigate the relationship betweamobic capacity, body
composition and markers of insulin sensitivity, @ to better understand the interaction
between fitness, adiposity and insulin sensitivilyStudy 1 aerobic capacity, adiposity and
markers of insulin sensitivity, were re-tested iMaori cohort from whom data was collected
in a previous study. This was done to confirm thdihgs of that previous work by observing
whether those relationships remained constant ¢wvee despite small changes in the
independent variableStudy 2included a cohort of non-Abri men, the purpose of which was

to observe whether the aforementioned relationgtiffered between &bri and non-Mori.

84



Chapter 4 Hypotheses & Research Design

Study 3
Bioelectrical impedance: A valid
measure of body composition in
Maori when compared to

hydrodensitometry

Following on from the investigation of body compasi and insulin sensitivityStudy 3
sought to validate the use of BIA as a suitablehoetfor body composition assessment in
Maori. BMI is the most frequently used method of asseent in population studies and
clinical assessment, but ‘cut-off points’ do ndtganto account ethnicity-related differences
in body composition. On the other hand, the mostiate means of measuring body fatness,
such as hydrodensitometry, requires expensive guwnfy trained technicians and is often
impractical for those being measured. Thus, if BMyjch is now relatively cheap and easy to
administer, proves valid in adri it could provide a simple means of measuringybfatness

in the laboratory and field.

Study 4 Study 5

The repeatability of percutaneous Measuring muscle contractile

v

electrically stimulated twitch properties to predict insulin

characteristics in healthy men sensitivity in healthy men

In addition to the focus of fitness and fatnesspagsiological determinants of insulin
sensitivity, Study 4andStudy 5were aimed at understanding the relationship betvwesulin
sensitivity and another physiological determinamirscle fibre type. Because measurement of

fibre type proportion requires muscle biopsi&udy 4 was chosen to investigate the
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feasibility of employing an innovative, non-invasitechnique, developed to measuring
muscle contractile properties (and therefore musdeposition indirectly).Study 5then
focused on whether the contractile properties nredswith this technique, could predict

insulin sensitivity.
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4.2 Hypotheses

Study 1: The relationship between aerobic capacity, bodgefss and blood markers of
insulin sensitivity in a group of healthyadri men will remain, even if variables such as body

fatness and aerobic capacity change over time.

Study 2: The relationship between aerobic capacity, bodgefss and blood markers of

insulin sensitivity are similar in a group of hégitMaori and non-Mori men.
Study 3: Measures of body composition obtained with a leickical impedance apparatus
correlate well with those obtained by hydrodensgtmy in healthy Mori and non-Mori

men.

Study 4: Measuring time to peak force (and half peak foafedn electrically evoked twitch

in the vastus lateralis, will produce repeatabsaiits as well as variance between subjects.

Study 5: Twitch characteristics obtained with the methockvpusly described, will

accurately predict insulin sensitivity in a cohofthealthy men.
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5 Study 1: Aerobic fitness and adiposity as
predictors of fasting insulin concentration in heal thy

Maori men. Is the relationship consistent over time?

5.1 Introduction

Obesity, as a result of excessive energy intake ansedentary lifestyle, is primarily
responsible for accumulation of fatty acids andlyderides within myocytes (muscle cells).
This accumulation is associated with impaired imssignalling within these cells; a disorder
known as insulin resistance. Insulin-mediated gbecaptake from the blood is reduced due to
this insulin resistance, and eventually contributesthe hyperglycaemia which defines

diabetes (Goodpaster, Thaete, Simoneau, & Kel@971Phillips et al., 1996).

A single bout of exercise on the other hand, impsowsulin action for at least 48 hours post-
exercise (Mikines, Sonne, Farrell, Tronier, & Gallid88). Although the mechanisms as to
why this occurs are not completely understoods itvidely known that the muscle’s fuel
requirement increases during contractile actiwatyefcise), increasing the rate of fat oxidation
and thereby reducing intramyocellular triglycerid@®ITG) (N. A. Johnson et al., 2003),
which are closely associated with the insulin siigma disorder (Goodpaster, Theriault,
Watkins, & Kelley, 2000; Greco et al., 2002; Koopmet al., 2006; Luc J. C. van Loon,
2004). The maximal rate of fat oxidation within sole cells is limited by the mitochondrial

content of the cell (J. O. Holloszy, 1967; J O |bsity & Coyle, 1984).

Chronic contractile activity (exercise training) tn@nly decreases body fat, which
independently improves insulin sensitivity (Goldyelber, Dusmet, Gomez, & Curchod,

1985), but increases the body’'s ability to oxidiged such as IMTG, improving insulin

88



Chapter 5 Study 1

signalling independently of weight loss (DeFron&herwin, & Kraemer, 1987; Dengel,
Pratley, Hagberg, Rogus, & Goldberg, 1996; Duncamle 2003). This improvement in
muscle oxidative capacity, is largely due to arreéase in mitochondrial content in response

to chronic muscular contraction (J O Holloszy &) 1984).

Surprisingly, endurance trained athletes also laavelevated concentration of IMTG, yet are
very insulin sensitive (Goodpaster, He, WatkinsKé&lley, 2001; Morgan, Short, & Cobb,
1969; Schrauwen-Hinderling et al., 2003). Howevacute exercise bouts along with
increased muscle oxidative capacity within endueaimained individuals, results in a rapid
turnover of these fats and probably ensures insdmsitivity (Goodpaster, He, Watkins, &
Kelley, 2001). Thus, it appears that insulin sevisjtis more a function of the rate of fat

oxidation within myocytes, rather than the concatndn of fat per se.

It has been previously shown that in a group ofngpuapparently healthy #ri men,
variations in fasting insulin concentrations ansuim sensitivity (HOMA-IR) can be partially
accounted for by variations in both whole body adity and aerobic fitness (Stannard,
Holdaway, Sachinwalla, & Cunningham, 2007). Whitsiximal aerobic fithess (Vdhax)
may be limited by oxygen delivery to the working soles (cardiac output) (Gonzéalez-Alonso
& Calbet, 2003), a high Vénax also requires high oxidative capacity of thekiay muscle

to utilize that oxygen (Bassett Jr & Howley, 2000).

Although a number of studies have investigated@eritness and its relationship to insulin
sensitivity, almost all of these have been dond Waucasian subjects, and have measured
oxidative capacity using invasive biopsy procedui€s R. Bruce et al., 2003; David E.

Kelley, Goodpaster, Wing, & Simoneau, 1999). Ortg tpreviously mentioned study by
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Stannard et al. has investigated this relationshiplaori, and they used a non-invasive
method to measure the aerobic fitness of the wgrkmuscle (V@maxLBM). Because this
study was the first of its kind within &éri, and its results differed somewhat from thaulss

of others using similar testing methods in Caucasi@n (Coon, Bleecker, Drinkwater,
Meyers, & Goldberg, 1989), it is important thatther studies be conducted to confirm these
findings. One method of confirming these relatiopshs to retest the same study participants
after a period of time to see if the same assatiatexist. This proves particularly powerful if
there are changes in one related variable sucltrees$ or adiposity and the other related

variable also changes accordingly.

Thus, the purposes of this study was to investigabether the relationships observed

between %BF, aerobic capacity and blood markerssaflin sensitivity in a cohort of Bbri

men, would exist over time after changes in fitreasd body composition had occurred.
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5.2 Methods

5.2.1 Study Design

Three years prior to this study, 24 ‘healthyaddi men participated in a study to investigate
the relationship between aerobic capacity (as meddosy VOQmaxLBM), body composition
and markers of insulin sensitivity (Stannard, Haldg, Sachinwalla, & Cunningham, 2007).
The original study was the first of its kind usiagohort of young Kbri men and produced
results that differed to previous studies using/gdrsons of Caucasian heritage. It was the
intention of this study to follow-up with these sa24 Miori men and to observe whether the
relationships established in the first study wesasistent over time when variables such as

body weight, body fat %, and aerobic capacity g@xLBM) had changed.

5.2.2 Participants

24 Maori men, aged 31 = 6 (mean + SD), who were para aftudy investigating these
relationships 2-3 years earlier were contactedetoebtested. Only 12 of the 24 participants
from the first study responded and agreed to ledeas the repeated study. All participants
were originally recruited from Bbri service providers and a sports group from Whang
Manawatu and Wellington. All were of varying phyai@ctivities though none were ‘well-

trained’.
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All participants completed a health screening daestiré and none reported diagnosed
diabetes or cardiovascular disease, though thdtsestione participant suggested insulin

resistance in the previous (Sydney) study.

Table 5-1- Participant physical characteristics

Name Age (yrs) | Height (m) Weight (kg) BMI (kg/m?)
LB 22 1.74 70.50 234
RW 23 1.82 88.20 26.6
TD 22 1.89 99.50 27.9
SW 25 1.81 94.50 28.8
NB 32 1.78 75.00 23.7
RC 32 1.82 90.00 27.2
CH 37 1.80 102.70 31.7
BC 36 1.83 91.40 27.3
JH 35 1.77 79.10 25.2
TK 38 1.74 94.70 31.3
JG 32 1.79 85.50 26.7
JR 27 1.82 152.70 46.1
Mean 31 1.80 93.02 28.6
Standard Deviation 6.0 0.04 20.9 6.0

Y The guestionnaire used was based upon the Physgitiaity Readiness Questionnaire (PAR-Q) which araes from the
British Columbia Dept of Health (Canada), as revisgd homas et al. (S. Thomas, Reading, & Shepha@&R)l&nd
Cardinal et al. (Cardinal, Esters, & Cardinal, 1996) with additional requirements of the Massey Ursitg Human Ethics

Committee.
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5.2.3 Protocol

Each participant began a water-only fast in thenengeafter eating dinner. In the morning
(after at least 10 hours fasted) participants umdet an oral glucose tolerance test (OGTT) in
order to establish fasting insulin/glucose leveatsl ansulin/glucose levels 2 hours after a
glucose load. After a light breakfast followinget@GTT, body composition was measured

by hydrodensitometry. Participants then perforragatadmill test to establish their Wi@ax.

In following with a kaupapa Kbri approach, | aimed to promote whanaungatangangrtiee
research participants, a concept associated witlitg relationships and finding common
ground, so testing sessions were done in group8-#fmen, rather than individually.
Participants also shared meals, before and afgngg in order to build relationships between
researchers and participants. In most instanceskika(prayers) were also offered before
testing sessions. At the conclusion of the stullypaticipants received a compiled report of

their results as well as the mean results of tbeagand population norms.

5.2.3.1 Blood biochemistry

After an overnight fast (10-12 hours post-prandipBrticipants underwent a standard oral
glucose tolerance test (OGTT) at an accrediteddjoathology lab (Aotea Pathology Ltd,

Wellington). Fasting blood samples were collect@danalysis of fasting glucose (FastGluc)
and fasting insulin (Fastins) before a 75ml glucbheeerage was given. Two hours after the
glucose load was taken, blood samples were agdiactad for analysis of glucose and

insulin, 2 hours post-glucose load (2hrGluc & 2kjIn

Analysis of blood was also performed at these aita@ laboratories where serum was

extracted and frozen for analysis. Serum Glucoseatrations were measured using a
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Roche 917 autoanalyser with Gluco-quant® kits (RoElagnostics, Manheim, Germany).
Serum insulin was measured with a Roche Elecsys® 2fa an immunometrical method
using electrochemical illuminescence. Blood biocis¢iy followed the same methods used
by Stannard et al. (Stannard, Holdaway, Sachinw&ll&unningham, 2007). Extraction and

analysis of blood was performed at the same lAlVetlington for both arms of the study.

Insulin sensitivity was estimated using the homesistmodel assessment-insulin resistance

(HOMA-IR) model (Matthews et al., 1985).

5.2.3.2 Maximal oxygen uptake

Respiratory exchange of participants was measuueidglan incremental exercise protocol
on a WOODWAY® treadmill (thddesmo ‘05’, Wisconsin, USAyhe Bruce protocol (R. A.
Bruce, 1971) was chosen as it was used in thalirstudy and was practical for those that
were unfamiliar with treadmill running or were rla@ly unfit. Participants were encouraged
to continue exercising for as long as possibleth@sspeed and gradient of the treadmill
increased every 3 minutes, in order to obtain sitess capable of eliciting maximal (O
Volitional fatigue was defined as when the subppetsped the safety railing of the treadmill

to finish the treadmill test.

Expired respiratory gases were sampled throughwmuentire exercise test by an online gas
analysis system using Moxus (version 2.] €&tware(AEI technologies Ltd, lllinois, USA)
Expired air was collected via a Hans Rudolf mowthpiwith a turbine attached to measure
expired volume. Expired air entered a mixing chandvel was analyzed for expired fraction
of CO2 using an infrared carbon dioxide sensor exlred oxygen using a zirconium cell-

based oxygen sensor (AEI, lllinois, USA).
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Both the analysers and software were calibratetl eaarning before testing was performed
using a predetermined mixture of @d CQ (4.9% CO2, 15.6% O2 in Nitrogen) while the
turbine was calibrated with a 3000ml Hans Rudolibecation syringe. Data were averaged
by the software and displayed in 10 second intervdD)max was defined as the highest
rolling 1 minute average VA(six 10 second recordings) obtained during the ¥&.max

was expressed relative to lean body mass,(W&LBM) rather than relative to whole-body
mass as it better represents the aerobic capdciorking muscle, independent of fatness
(Coon, Bleecker, Drinkwater, Meyers, & Goldberg829Stannard, Holdaway, Sachinwalla,

& Cunningham, 2007).

5.2.3.3 Body composition

Hydrodensitometry was performed in the morning leetw1-2 hours after a small meal (the

first meal post-fast) for determination of bodywale. Participants wore tight fitting shorts or

a swimming costume while in the water tank. Bodyighit on land was measured using a
Sartorius electric scale (EA Model, Goettingen, rGamy) and height was measured using a

wall mounted ‘Harpenden’ stadiometétoltain Ltd, Crosswell, UK)

Participants were given up to 10 minutes to pradine submersion technique and familiarize
themselves with the procedure. They were suspendede water by a harness-like seat
attached by ropes to a force transducer sited ablmvéank. The transducer output, once
calibrated would be amplified and converted to gitdl signal and used to indicate the

underwater weight of the subjects. Once familighwhat was required, subjects were asked
to exhale as much air from their lungs as was caaie while submerging completely

underwater by bowing the head forward as far asomagortable. Once the subject was fully

submerged and relatively stable, the measuremamagrwater weight began using Labview
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software (Eagle Scientific, USA) programmed by guoup. Participants were required to
stay submerged for 5 seconds as underwater weightmeasured. The software provided a
graph of underwater weight, during the 5 seconibdeAn average of the 5 second reading
was taken, in order to account for the sinusoidatt@iations in transducer output that

occurred from the natural motion of the water.

After the 5 second underwater period, participamse given a signal from the operator to
raise their head out of the water. After particiigahad raised their head out of the water,
residual lung volume was measured via oxygen diutusing an oxygen re-breathing
techniqgue described by van der Ploeg et al. (vanRleeg, Gunn, Withers, Modra, &

Crockett, 2000). The re-breathing apparatus cathistf a 5L (rubber) anaesthetic bag
(Vacumed, California, USA) containing 4.25L of pureygen attached to Hans Rudolf 3 way
‘sliding type ™' Manual directional control valve (2870 series setiuri, USA). A disposable

‘SureGard’ respiratory filter was used as a mowbgifor participants, and the control valve

allowed the operator to open or close the flowxafgen from the bag to the mouthpiece.

After raising their head out of the water after tixeighing, the mouthpiece of the apparatus
was guided into their mouth and participants westeed not to take their first breath until the
mouthpiece was securely in the mouth, the lipsesealound it, and the valve opened that
allowed the participant to breathe the closed diroxygen. After 5-6 breaths in the
apparatus, the valve was closed and the gas addiys®, and CQ concentration using the
same gas analysers used in the exercise test aBodgg.fat percentage was then calculated

using previously established methods (Brozek, GsaAdderson, & Keys, 1963).
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Each participant performed the measurement protactdast 3 times. Percentage body fat
was taken as the average of the 3 measurementsvifition outside 2% body fat occurred, a
fourth measurement was also taken, and measurerniaitsleviated outside 2% body fat

were disregarded.

Two point calibration of the load cell was perfoan@nce with no weight and again with a

5kg weight) each morning before testing took place.

5.2.4 Statistical Analyses

Paired t-tests were used to identify any significdanges in the variables measured, between
the first test (Sydney) and the second test (Wglin). Simultaneous multiple regression was
performed to ascertain whether the dependant ‘asablating to insulin sensitivity (HOMA-

IR, Fast-Ins, 2hr-Ins, Fast-Gluc, 2hr-Gluc), coute significantly predicted by the
independent variables (%BF, V@axLBM). Testing date was also included as an
independent variable, to observe the effect of tanethese relationships. SPSS version 10

was used for all statistical analyses, while grapeee made using Microsoft excel 2003.
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5.3 Results

It was my initial intention to re-test all of thel 2aori men that participated in the initial
study (Sydney study). However, only 12 of the ipgrants from the Sydney study were
available to take part in the repeated test (Wgtitin study). Of the original 24 participants,
six had moved out of the country, five were undblée contacted, one was not interested in

participating and one could not participate dumjory.

The results of the 12 participants in this studil amly be compared to the results of these
same participants in the Sydney study. Becaushkigfthe results from the Sydney study of
the 12 participants referred to in this text, maywfrom those described in the original study

(Stannard, Holdaway, Sachinwalla, & Cunningham,7220@&hich included all 24 participants.

Tables of individual results for this study areridun the appendix (Appendix A — Study 1).

5.3.1 Body composition and aerobic capacity

Mean body weight increased from 92.3kg + 20.7 (me&MD) in the initial study to 93.7kg *
20.9 in the repeated study, and %BF decreased 2296 + 9.2 to 20.9% + 8.5, although
neither of these changes were statistically sigaift (p>0.05)(Table 1.2). Of all the variables
measured, only LBM, which increased from an avex#gé.3kg + 8.7 to 71.9kg + 10.0, and
VO,maxLBM, which decreased from 59.4 = 6.4 mil/kg l.bmim to 50.3 £ 2.1 ml/kg
l.b.m/min, changed significantly (p<0.05) betwedre ttwo testing periods. Only one

participant had an increase in @axLBM between testing sessions (from 50.08 t04)0.8
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Table 5-2— Body composition and aerobic capacity

Sydney Wellington Paired

Study Study t-Test

Mean SD Mean SD p
Weight (kg) 92.3 20.7 [93.7 20.9 |0.535
BMI (kg/m ?) 28.5 6.1 |288 6.0 |0.595
%BF 22.4 9.2 20.9 8.5 0.223
LBM (kg) 70.3 8.7 |71.9 10.0 | 0.019
VO,max LBM 59.4 6.4 50.3 7.4 0.002
(ml.kgLBM *.min™)

Figure 3— Group mean of lean body mass (LBM) in Sydney\Wedlington study
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Figure 4 — Group mean for Vé@naxLBM in Sydney and Wellington study
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5.3.2 Blood biochemistry

HOMA-IR decreased along with fasting insulin fros.Z + 64.9 to 58.3 + 46.6 and fasting
glucose from 5.1 + 0.5 to 4.9 = 0.3. While 2hrinsreased from 117.3 + 76.8 to 178.1 +
226.7 along with 2hrGluc from 4.1 = 0.9 to 4.3 #L..1None of the changes in blood

biochemistry were statistically significant (p>0)05
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Table 5-3— Blood Biochemistry within group

Study 1

Sydney Study Wellington Study Paired t-Test
Mean SD | Mean SD p
HOMA-IR 2.5 24 |18 1.5 0.055
Fastins (pmol.L ) 75.2 18.7 | 58.3 46.6 | 0.068
FastGluc (mmol.L *) [5.1 05 |4.9 03 |0.111
2hrins (pmol.L ™) 117.3 76.8 | 178.1 226.7 | 0.395
2hrGluc (mmol.L ) |4.1 0.9 |43 1.1 |0.593

Figure 5— Group mean for HOMA-IR in Sydney and Wellingtsindy
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5.3.3 Multiple regression analysis

Simultaneous multiple regression analysis was peed with the results of the Wellington
and Sydney study combined using the ‘testing date!, Wellington or Sydney, as an

independent variable.

The simultaneous multiple regression analysis sdawat 84% of the variance in HOMA-IR
could be explained by %BF (p<0.001), M@axLBM (p=0.013) and testing date (p=0.027)
combined. Similarly, 86% of the variation in Fastltould be explained by %BF,
VO,maxLBM (p<0.05) and testing date which was mardynaignificant (p=0.051). Sixty
percent of FastGluc variance could be attribute®@maxLBM and testing date (p<0.05),
but %BF was not significant (p>0.05). Vi®axLBM was the only significant predictor of

2hrins.

When multiple regression analysis was performetheriwo studies separately, %BF
(p=0.004) and V@maxLBM (p=0.041) were significant contributors k@tvariation in
HOMA-IR and Fastins in the Wellington study, altighuvO,maxLBM was marginally
significant (p=0.054). In the earlier Sydney stimbyvever (including only the 12 participants
re-tested in Wellington), only %BF was a signifitaantributor to the variation in HOMA-IR
and FastIns. No other significant relationship exdetween the independent variables of
%BF and VQmaxLBM, and the other dependant variables anal{#adtGluc, 2hrins,

2hrGluc) (See AppendiXable 0-5
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Table 5-4— Multiple regression analysis for combined result

Study 1

Dependant variable Independent variable r r2 P
HOMA-IR - 0.844 | 0.712 - <0.001
% body fat - - 5.001 | <0.001
VO, maxLBM - - -2.712 0.013
Testing date - - -2.392 0.027
Fasting serum insulin - 0.863 | 0.745 - <0.001
% body fat - - 5.804 <0.001
VO, maxLBM - - -2.496 0.021
Testing date - - -2.077 0.051
Fasting serum glucose - 0.602 | 0.362 - 0.027
% body fat - - -1.732 0.099
VO,maxLBM - - -2.787 0.011
Testing date - - -3.095 0.006
2hr serum insulin - 0.690 | 0.477 - 0.008
% body fat - - 1.500 0.151
VO,maxLBM - - -2.784 0.012
Testing date - - -0.442 0.664
2hr serum g lucose - 0.527 | 0.277 - 0.970
% body fat - - -1.159 0.261
VO,maxLBM - - -2.601 0.018
Testing date - - -0.951 0.354
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5.4 Discussion

The purpose of this study was to observe the cglghip between adiposity, aerobic fitness
and markers of insulin sensitivity in a group ofliley Maori men, and investigate whether

those relationships changed over time.

Both the separated and combined results from Syadmely Wellington showed that %BF
predicts fasting insulin levels and HOMA-IR values young, healthy Nori men. This
finding is consistent with studies in nonabti, which have shown that body composition is
associated with insulin sensitivity (Bogardus, ibjth, Mott, Hollenbeck, & Reaven, 1985;
Yki-Jarvinen & Koivisto, 1983). Bogardus et al.oggardus, Lillioja, Mott, Hollenbeck, &
Reaven, 1985) point out that early reports of thiationship may have been misleading due
to the indirect methods which essentially infer padmposition, such as BMI and skin-fold
measurement, employed to assess body compositidact, although the association between
body fat and insulin sensitivity is commonly assdmihe use of valid methods to measure
body composition, when observing its relationshipnisulin sensitivity, has rarely been used.
Consequently, body composition in this study wassueed using hydrodensitometry, which
is termed the ‘gold standard’ method to measurey lmmnposition. Then again, this method
is not practical for large scale studies due tdtitne and skill required to perform the test, nor
is it appropriate for certain populations, suchths obese or elderly. For this reason,
development of appropriate techniques to measatieer than infer body composition, could
prove valuable in early identification of adri that are at risk of type-2 diabetes; before
glucose intolerance occurs. On the other hand,usechody fat distribution is more closely
related to insulin sensitivity than body fat perege, methods of body composition
measurement should actually focus on quantifyindoaiinal/visceral fat independent of

subcutaneous fat. In this regard, hydrodensitomdtgs not take into account body fat
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distribution and therefore %BF derived from thisthoel is made up in large part by
subcutaneous fat stores. Accordingly, a simple oreasf abdominal adiposity, such as waist
circumference, may provide a simple and more @affecivay of predicting diabetes risk.
Accordingly, Bell et al. found that the combinatioh measuring waist circumference and
blood triglycerides was a simple and accurate ntetbib predicting insulin sensitivity in
Maori (Bell, McAuley, Mann, Murphy, & Williams, 2004)or that reason, this study would

have benefited from the inclusion of waist circurafece measures.

A second major finding of the present study is thattime between the first and second tests
(a representation of ageing, albeit small) hadyaicant effect upon HOMA-IR, Fastins and
FastGluc (p<0.05), revealing a relationship betwagring and insulin sensitivity in this
cohort. Surprisingly however, the effect of ageinsulin sensitivity was not a detrimental
effect i.e. increased HOMA-IR, fasting insulin elo.fact Fastins, FastGluc and HOMA-IR
actually decreased, although the decrease was ignificant for FastGluc (p=0.111),
approached significance for Fastins (0.068) and avdg marginally significant for HOMA-

IR (p=0.055). This is in contrast to most epidemgital and physiological studies, which
indicate that aging is associated with insulinistamce and diabetes (Fink, Kolterman,
Griffin, & Olefsky, 1983; Ministry of Health, 2008Rowe, Minaker, Pallotta, & Flier, 1983).
On the other hand, although type-2 diabetes wagnatly thought to be a disorder associated
with ageing, hence the name ‘mature/adult onsdtetiés’, research now shows that there is
no association between age and insulin sensit@figr accounting for differences in %BF and
VO,max (Bogardus, Lillioja, Mott, Hollenbeck, & ReavetD85). Although my results could
be confounded by technical error associated witleciion and analysis of repeated blood
samples, this is not likely a factor in this stumby blood was collected and analyzed in the

same location (Aotea Pathology, Wellington) forhbatms of the study (See section 5.2.3.1).

105



Chapter 5 Study 1

Therefore, in these participants, the improvemaninsulin sensitivity with age is likely a
result of the significant increase in lean body snaghin this cohort. Because muscle is a
major site of insulin-mediated glucose disposdhmbody, an increase in muscle mass would
improve whole-body insulin sensitivity, and thu® thlyceamic response to a glucose load.
The reduction in relative fat mass in this cohatheit small, might also improve insulin

sensitivity.

In these studies (study 1 and 2 of the thesis)infasnsulin/glucose, 2 hour insulin/glucose
and HOMA-IR, have been used to represent ‘insugimsgivity’. Because these measures do
not give a clear understanding of the dynamic respf glucose to insulin secretion over
time, more precise methods and models, such agltltese/insulin clamp and frequently
sampled glucose tolerance test, have been advorratabd-based studies (Breda, Cavaghan,
Toffolo, Polonsky, & Cobelli, 2001; Caumo, Bergmah Cobelli, 2000; DeFronzo, 1979).
While these methods are more precise measuresasuflin sensitivity’, the simple measures
(fasting insulin, HOMA-IR) used in this study arerently the standard diagnostic tool for
insulin resistance, glucose intolerance and diagbetehe clinical setting and are likely more

acceptable for participants than methods involvegular measurement (See section 2.3.3).

On another note, VmaxLBM was also a significant predictor of HOMA-IR the
Wellington study but not in the Sydney study. Hoeewhen the results of all 24 participants
from the original Sydney study are referred to i8tad, Holdaway, Sachinwalla, &
Cunningham, 2007), VénaxLBM was a significant predictor of HOMA-IR inighgroup as
well, signalling a lack of statistical power in timdividual ‘arms’ of this repeated study.
However, when the results of both ‘arms’ (Sydneg &¥ellington) were combined, and the

year tested was analysed as an independent varigklemaxLBM, was a significant
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predictor of HOMA-IR, Fastins, FastGluc. This sugpdhe findings of Bruce et al., although
unlike my study where %BF (p<0.001) was a moreiigant contributor than V@maxLBM
(p=0.013), they showed that oxidative capacity ¥@max were even better predictors of
insulin sensitivity than adiposity (C. R. Bruceaét 2003). This could be due to the difference
in methods used. Bruce et al. expressed,W&x relative to total body weight; whereas

VO,max in my study was expressed relative to lean Imodys only (V@maxLBM).

During exercise, muscle is the main tissue for gyeutilization and oxygen consumption
within the body, whereas adipose tissue does notraxt and consumes relatively little
oxygen. Therefore, expressing ¥@ax relative to total body weight, as is commorcelan
exercise physiology, underestimates the relativne$s’ of the muscle. What's more,
considering the role of body fatness upon insudinsgtivity, including fat in the measurement
of relative aerobic capacity could confound resuligernatively, expressing V4nax relative

to lean body mass alone represents, in part, thenmh oxidative capacity of the muscle.
Thus, in this study, measurement of relative aerchpacity was made independent of body
fatness. The only other study that | know of whiokestigates these relationships, using
VO,max relative to lean body mass (M@axLBM) as a measure of aerobic fitness, found
that VO:maxLBM was not a significant predictor of insuliensitivity at all (Coon, Bleecker,
Drinkwater, Meyers, & Goldberg, 1989). However, Gat al. used a much older, cohort (46-
73 years old), which likely had a very differentr@it background and much larger range of
ages than my &bri participants. In contrast, on two separate sicces, VOQmaxLBM has
been shown to be a significant predictor of inssknsitivity in a cohort of ®bri men. These
findings further support the possibility of usin@Mnax, relative to lean body mass, as a non-
invasive way of identifying Mori at risk of insulin resistance, who do not yetw impaired

glycaemia.
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Another interesting finding from this study was tHegree to which V@nax decreased
between tests. Maximal oxygen consumption §W@x) reportedly decreases with age, and
the significant point of decline within sedentanglividuals occurs when people reach their
20s and 30s (Hawkins & Wiswell, 2003). Accordingly,the present study aerobic capacity
relative to lean body mass, decreased significdmlyveen testing sessions (over 2-3 years)
within this cohort of Mori men, all of which were in their 20s or 30s. ldugh one
participant had a 21% increase in ¥@&axLBM, the rest of the cohort (minus the one
participant with the increase) had an average wedh VOmaxLBM of 18%. This result is
quite dramatic considering that researchers progusage-related decline in ¥@ax to be
just 10% per decade (Buskirk & Hodgson, 1987; Hawl& Wiswell, 2003). LBM within the
group, which actually increased from the first studas the only other variable which had a
significant change between tests (p<0.05). Althodlgls increase in LBM would lower
VO,maxLBM calculation and partially explain the obshwdecrease in V@axLBM, even
absolute VOmax decreased by 16% on average in this groupiifichtding the participant
who showed an increase). Taken at face value, fimetiags suggest that youngalgri men
may have a greater rate of decline in oxidativeacap with age when compared with other
populations. Nevertheless, this cohort’s level loygical activity in the years between testing
sessions was not recorded, so it is difficult tplax this marked decrease in aerobic
capacity. Furthermore, whilst the method of gas mosition analysis was the same between
both the Sydney and Wellington arms of the studg, method of assessing gas volume was
different. Douglas bags were used in the Sydnedyst@and a turbine was used in the
Wellington study. Both methods were calibrated, ibig possible that the observed reduction

in VO.max could be explained by this technical difference
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Since insulin sensitivity is positively correlated aerobic fitness, it is interesting that
HOMA-IR did not significantly increase as V¥@axLBM declined. However, as discussed
previously, the increase in lean body mass and|stegkease in relative fat mass likely
counteracted any possible decrease in aerobic itapand ageing. There are a number of
applications from these findings. Firstly, in castr to common belief that cardiovascular
exercise is the most appropriate mode of trainimg ‘fihetabolic health’, exercise such as
resistance training which is aimed at increasingscteu mass (hypertrophy) without
necessarily improving aerobic fithess, may be asseffective in improving and maintaining
metabolic health in lbri. This is important considering that some mandfit difficult or
unacceptable to perform particular types of carasoular exercise. Secondly, in the short-
term at least, the supposedly adverse effects@hggn insulin sensitivity can be prevented

or even reversed with the maintenance or improvewidean body mass.

5.4.1 Chapter Summary

This study strengthens the findings of the origisaldy by Stannard et al. (Stannard,
Holdaway, Sachinwalla, & Cunningham, 2007), andnghthat even over time, a relationship
exists between adiposity, aerobic fithess and ingdnsitivity in Miori men. My results have

also shown that the detrimental effects of age raddiced aerobic fithess upon ‘metabolic
health’ are reduced with increased muscle massraddced body fat. Clearly however,
further studies of this relationship in botradfi and non-Mori would make the observations

of this study stronger if a larger sample size lmarmployed.
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6 Study 2: Aerobic capacity and adiposity as
predictors of fasting insulin concentration: A
comparison between glucose tolerant M aori and

non-M aori men.

6.1 Introduction

When compared with New Zealanders of European &ycddaori in New Zealand are

disproportionately afflicted by diabetes and itteqursor condition insulin resistance (David
Simmons & Thompson, 2004). Physiological charasties of an individual, such as skeletal
muscle fibre type proportion (Lillioja et al., 1987 aerobic capacity (C. R. Bruce et al.,
2003), and body composition (Bogardus, Lillioja, tédlollenbeck, & Reaven, 1985), are all
associated with risk of insulin resistance. Ithsught that these physiological variables all
impact on whether there is accumulation of lipidd asubsequent impairment of insulin-
mediated glucose disposal, within liver, and patéidy, skeletal muscle (Seppéala-Lindroos et

al., 2002; Stannard & Johnson, 2004).

On the other hand, population-based studies haamtiittd lower standards of employment,
education, and living standards as contributo@ntincrease in diabetes prevalence (Ministry
of Health, 2004b). When taken in isolation, theeiaapproach suggests thatdi, who are
overrepresented in the lower deciles of socioecanostatus, have a lower degree of
‘metabolic’ health because they are exposed tdeatyile that is conducive to obesity and

insulin resistance. Alternatively, it is possibleat a physiological disposition for lipid
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accumulation and/or reduced lipid turnover withiradvl predisposes this population to

greater risk of obesity and metabolic disorder.

Separating socioeconomic from physiological fact@sdifficult however, because any
phenotype, including that which results in diabgetésvelops from the interaction between
inherent traits and environmental factors (NeilfeeaFoliaki, Sporle, & Cunningham, 2004).
Furthermore, comparing #ri and European participants in a physiologicaldgtcan be

difficult as ethnicity is a self identified traithnd not necessarily a genetic or biological
characteristic. On the other hand, because epidegal data is also based on self-
identification of ethnic identity, it would be exged that a comparative study of
physiological factors between two different sekmdified ethnic groups would produce
similar trends to epidemiological data. Neverthgles understanding of which physiological
characteristics may be associated with increassdd af developing insulin resistance and

diabetes may prove useful in preventing insulinstaace and prescribing treatment.

Previous research has identified both aerobic egp@dO.max) of the lean body mass, and
body adiposity independently, as predictors of linswesistance in young &8bri men
(Stannard, Holdaway, Sachinwalla, & Cunningham, 720@thers have also shown the
significance of adiposity and associated increase®lood lipids in predicting insulin
sensitivity in Maori (K. McAuley et al., 2001). Aerobic capacity ia part, a function of the
oxidative capacity of the muscle and thus also akslity to utilize (oxidise) lipids.
Accordingly, oxidative capacity of skeletal museled resting whole body lipid oxidation
rates have been shown to be significant predictifrsvhole body insulin sensitivity

(Goodpaster, He, Watkins, & Kelley, 2001).
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Regardless of the epidemiological trends previodségussed, [bri actually appear to be
more physically active than New Zealanders of EaawpOrigin (NZEO) (Utter, Scragg,
Schaaf, & Fitzgerald, 2006), and sporting partitgrarates in Mori are high (Chadwick &
Palmer, 2006). Furthermore,alti have less adiposity when compared to NZEO sihvalar
BMI (Swinburn, Ley, Carmichael, & Palnk, 1999), ageen at a similar %BF, abri are still
more insulin resistant than NZEO (K. McAuley, Waiins, Mann, Goulding, & Murphy,
2002). These data beg the question as to whdthesliserved relationship between physical
fitness, adiposity and insulin sensitivity existNfaori and non-Mori. Understanding these
relationships better, may assist in shedding lighon the reasons why adri are more
predisposed to developing type-2 diabetes in Nealat®l. To date, only one published study
has shown that the relationship between aerobi@atiyp body composition and insulin
sensitivity exists in Mori (Stannard, Holdaway, Sachinwalla, & Cunningha®07).
Additionally, I have shown that this relationship ¢onsistent over time (see Chapter 5).
Nevertheless, neither of these studies tried topesenthese relationships between two ethnic

groups.

Thus, the purpose of this study was to investigdtether the relationships observed between

%BF, aerobic capacity and blood markers of inssénsitivity, differed between &éri and

non-Maori men.
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6.2 Methods

6.2.1 Study Design

The methods used in this study, including the megsent of blood biochemistry, aerobic
capacity and body composition, were identical twsthin Study 1. However, this was a cross-
sectional study rather than a repeated measuréy, sncluding a non-Mori cohort for

comparative purposes.

6.2.2 Participants

Forty eight healthy men (31 adri, 17 non-Mori) aged 28 + 5 (mean = SD) years old. All
participants answered a health questionnaire (bapter 5) and had no cardiovascular,
respiratory or metabolic disordeAl participants were randomly selected from enypient,

university or church networks.

Participants were asked to self-identify their @tliy. All those who were included asadri

identified as such, while in the nonabti group all but one participant (Asian) identifias

European. Pacific Islanders were excluded fronstalilies in this body of research.
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Table 6-1— Participant physical characteristics

Entire Group Maori Non-Maori
n=48 n=31 n=17
Mean SD Mean SD Mean SD
Age (yrs) 27.9 5.40 28.5 5.5 26.7 5.1
Height (m) 1.80 0.07 1.80 0.07 1.79 0.07
Weight (kg) 87.8 17.2 93.7 17.4 77.0 10.4
BMI (kg/m ?) 27.1 4.7 28.8 4.8 24.1 2.7

6.2.3 Statistical Analyses

Independent samples t-tests were used to idemifysaynificant differences in the variables
measured, between theabti and non-Mori cohort. Simultaneous multiple regression was
performed to ascertain whether the dependant ‘asablating to insulin sensitivity (HOMA-

IR, Fast-Ins, 2hr-Ins, Fast-Gluc, 2hr-Gluc), coube significantly predicted by the
independent variables (%BF, Yi@axLBM). Ethnicity was also included as an indepand
variable, to determine the effect of ethnicity bede relationships. SPSS version 10 was used

for all statistical analyses.

6.3 Results

Although 61 participants took part in this study (8laori, 22 non-Mori), | was unable to
collect accurate V@nax measures for 13 of these subjects §@i/land 5 non-Mori) so data

are reported only for 48 participants.

114



Chapter 6 Study 2

6.3.1 Body Composition

The Maori group had a significantly greater mean wei@®.Tkg Maiori, 77.0kg non-Mori),
BMI, %BF and LBM than the non-Bbri group (p<0.01). Neither age nor height were

significantly different between groups (p>0.05).

Table 6-2— Body composition (percent body fat and totahlbady mass)

Entire Group Maori Non-M &ori

Mean SD Mean SD Mean SD
%BF 19.7 7.0 21.5 7.4 16.5 5.0
LBM (kg) 69.3 9.3 72.4 9.2 63.8 6.5

6.3.2 Aerobic capacity

The non-Miori group had a significantly greater W@axLBM than the Mori group (60.8
L/min/kg I.b.m and 53.0 L/min/kg I.b.m: p<0.05). &mon-Maori group also had a higher
absolute V@max than the Mori (3853 mil/min and 3805 ml/min), though this wast

significant (p>0.05).

Table 6-3— Aerobic capacity (absolute and relative to lbady mass)

Entire Group Maori Non-M aori

Mean SD Mean SD Mean SD
VO,max (ml) 3822 507 | 3805 | 505 3853 525
VO, maxLBM 55.8 8.6 53.0 6.9 60.8 9.3
(ml.kgLBM *.min™)
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6.3.3 Blood Biochemistry

Eight of the 48 participants did not receive 2hsuiin blood samples, and 5 did not receive
2hr glucose samples. None of the blood markers unedswere significantly different

between the Mori and non-Mori group (p>0.05).

Table 6-4— Blood Biochemistry

Entire Group Maori Non-M &ori

Mean SD n Mean SD n Mean | SD n

HOMA-IR 1.67 128 | 48 | 1.88 132 | 31 | 146 | 123 | 17

Fast Ins (pmol.L '1) 55 38.7 | 48 60 393 | 31 47 37.2 | 17
Fast Gluc (mmol.L ™) 4.8 04 | 48 | 48 05 | 31| 48 | 02 | 17
*2hr Ins (pmol.L ) 143 | 141.3 | 40* | 161 | 165.0 | 26* | 110 | 75.5 | 14*

*2hr Gluc (mmol.L '1) 4.3 11 | 43| 44 11 | 27| 4.0 1.0 | 16*

* 8 participants did not have 2hr insulin sampleslidnot have 2hr glucose

6.3.4 Statistical Analysis

The results of the simultaneous multiple regressinalyses are found ihable 6-5 While
ethnicity was used as an independent variable galoith %BF and VGmaxLBM) in the
initial multiple regression analysis of the engm®up, it was not a significant predictor of any
of the dependant variables (p>0.05). The resultthefentire group seen ifable 6-5 are
from a simultaneous multiple regression analysigwhised only %BF and VmaxLBM as

independent variables, ethnicity was excluded.
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Table 6-5— Simultaneous multiple linear regression analysis

Entire Group Maori non -Maori
Dependant variable Independent r r2 t- P- n r r2 t- P- n r r2 t- P- n
variable value value value value value value
HOMA-IR - 0.55 | 0.30 - <0.001 | n=4 | 0.66 | 0.44 - <0.001 [ n=3 | 0.34 | 0.11 - 0.423 n=1
3 6 8 6 3 1 0 6 7
% body fat - - 2.902 0.006 - - - 3.465 0.002 - - - 0.396 0.698 -
VO,maxLBM - - -3.172 0.003 - - - -3.222 0.003 - - - -1.354 0.197 -
Fasting serum - 0.57 | 0.33 - <0.001 | n=4 | 0.69 | 0.48 - <0.001 | n=3 | 0.35 | 0.12 - 0.386 n=1
insulin 9 6 8 4 1 1 7 7 7
% body fat - - 3.317 0.002 - - - 4.018 | <0.001 - - - 0.435 0.670 -
VO,maxLBM - - -3.194 0.003 - - - -3.151 0.004 - - - -1.428 0.175 -
Fasting serum - 0.27 | 0.07 - 0.179 n=4 | 0.37 | 0.13 - 0.123 n=3 | 0.20 | 0.04 - 0.732 n=1
glucose 1 4 8 3 9 1 9 4 7
% body fat - - -1.189 0.241 - - - -1.174 0.250 - - - 0.548 0.592 -
VO,maxLBM - - -1.547 0.129 - - - -1.771 0.087 - - - -0.721 0.483 -
2hr serum insulin - 0.56 | 0.31 - 0.001 n=4 | 0.67 | 0.45 - 0.001 n=2 | 0.42 | 0.17 - 0.340 n=1
0 4 0 3 2 6 2 8 4
% body fat - - 2.436 0.020 - - - 2.827 0.010 - - - -0.814 0.433 -
VO,maxLBM - - -3.141 0.003 - - - -3.285 0.003 - - - -1.049 0.317 -
2hr serum glucose - 0.26 | 0.07 - 0.225 n=4 | 0.34 | 0.11 - 0.219 n=2 | 0.27 | 0.07 - 0.597 n=1
8 2 3 5 9 7 6 6 6
% body fat - - 0.946 0.350 - - - 1.177 0.251 - - - -1.023 0.325 -
VO;maxLBM - - -1.398 | 0.170 - - - -1.293 | 0.208 - - - 0.166 0.871 -




Chapter 6 Study 2

Multiple regression analysis showed that both %Bi &O,maxLBM were significant
predictors of HOMA-IR, Fast-Ins and 2hr-Ins in @atire group as well as theabti cohort.
%BF and VOQmaxLBM were not significant predictors of any oktllependant variables

(HOMA-IR, Fast-Ins, Fast-Gluc, 2hr-Ins, 2hr-Glun)the non-Mori cohort however.

6.4 Discussion

Population studies have shown thatdvl are more obese and insulin resistant than NgEO
A. McAuley et al., 2002; Ministry of Health, 2008ince Miori are also overrepresented in
lower socioeconomic levels, it is believed that liealth disparity between adri and NZEO

is due to environmental factors rather than a mggical disposition. Accordingly, Pearce et
al. suggest that historical, cultural and socioeooic factors, which influence lifestyle and
access to health care, are responsible for ethfferaehces in health (Neil Pearce, Foliaki,
Sporle, & Cunningham, 2004). On the other handpiears that &bri are more insulin
resistant than NZEO even after adiposity is adgudte (K. McAuley, Williams, Mann,
Goulding, & Murphy, 2002), suggesting an inherergpdsition toward insulin resistance.
While differences in insulin sensitivity and obgditetween Mori and NZEO are clear from
population studies, almost no studies have invasd) how ethnicity may alter the
relationship between the physiological factorsteslao such metabolic disorders. Thus, the
purpose of this study was to investigate whetherrélationship between aerobic capacity,

body composition and markers of insulin sensitidiffered between Kbri and non-Mori.

We were able to show that Y@axLBM and %BF independent of each other are both
significant predictors of blood markers associaigith insulin sensitivity in a healthy group
of young, adult New Zealand males. When this gneap split into two self-identified ethnic

groups, V@QmaxLBM and %BF were only predictors of these bloodrkers in the Mori
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group, with no significant interactions seen in tlen-Maori group. While the relationship
observed in the Wbri cohort is in accordance with the only publishetidy of these
relationships done in Bbri (Stannard, Holdaway, Sachinwalla, & Cunningh&®07), the
absence of a relationship between insulin sentsitand VQmaxLBM/%BF in the non-Mori
group is a surprise. Interestingly, Bogardus et(Bdgardus, Lillioja, Mott, Hollenbeck, &
Reaven, 1985) showed that aerobic capacity and %Bfe significantly correlated with
insulin sensitivity in Caucasian and Native Amenicaen, but that these associations were
only marginally statistically significant. What'sare, Bruce et al. (C. R. Bruce et al., 2003)
reported that V@max and oxidative capacity were even better prediadf insulin sensitivity
than percentage body fat. However, Coon et al. tietemost studies using aerobic capacity
(VO,max) to predict insulin sensitivity have reporte@xyhax relative to total body weight
rather than lean mass, so in these studies theende of V@max is not entirely independent
of body fatness (See Section 5.4). In contrast,nCetoal. showed that when ¥@ax was
expressed relative to lean body mass, it was mgtifeiantly correlated with markers of
insulin sensitivity in a cohort of American men (@xv Bleecker, Drinkwater, Meyers, &

Goldberg, 1989).

Although part of the result may be due to a lacktafistical power in the non-ddri cohort,
Coon et al. found no significant interaction betw&O,maxLBM and insulin sensitivity in a
cohort over four times the size of the noaavl group | tested (Coon, Bleecker, Drinkwater,
Meyers, & Goldberg, 1989). However, this does nqgil@n why no significant relationship
was observed between %BF and insulin sensitivitynyn non-Maori group, as has been
shown in these, and other studies (Boden, Chenalm&S & Kendrick, 1993). On the other
hand, our non-Mori cohort were fitter (had a higher Y@axLBM) and leaner (lower %BF)

than the Mori group and the lack of data spread in the naotMcohort was a weakness in
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this study. Thus, environmental factors such assighy activity levels or nutritional status,
rather than ethnicity, may explain part of the hestithis study. With this in mind, recording
physical activity levels of participants prior testing would have been ideal. Another
possible confounder in regard to measurement adimsensitivity in this study was that the
amount of glucose administered during the OGTT wassame (75g) for all participants
regardless of body weight and LBM. Because of tile of skeletal muscle in the uptake of
glucose from the blood, a greater total LBM shoulctease glucose disposal and therefore
confound postprandial indices of insulin sensiii2hr insulin, 2hr glucose). On the other
hand, an OGTT is the standard diagnostic testrfsulin sensitivity in New Zealand and is
used to identify insulin resistance/glucose toleeaim Maori and non-Mori. Furthermore, if
the fasting insulin values, a measure unaffectethbyglucose load, are analyzed against the
independent variables of this study alone, theetiffices between theabti and non-Mori
cohort still remain. Indeed, fasting insulin hagmehown to be as effective as HOMA-IR in
predicting insulin sensitivity in ®bri (Bell, McAuley, Mann, Murphy, & Williams, 2004)
and is identified as an adequate means of measinguin sensitivity in glucose tolerant

individuals such as the participants of this st(KlyMcAuley et al., 2001).

Regardless of confounding factors, the resulthefdresent study viewed in conjunction with
the findings of the previously referred to studigsCoon et al. and Bogardus et al., suggest
that the relationship between aerobic capacity sstdlin sensitivity may be ethnically
determined. If, as the results of this study suggbs association between aerobic capacity
and insulin sensitivity is strong in adri but not NZEO, the focus for #&dri-targeted
intervention for reducing diabetes risk, would amsly benefit from inclusion of physical
fitness rather than simply weight loss alone. Reshen emphasis on physi¢ahctivity as a

more important risk factor should be considerel#ori.
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Currently, the government vehicle of choice forreasing public physical activity levels is
the Push Play’ campaign delivered by SPARCSHort and Recreation New Zealand
(SPARC., 2005). Through media and other types ofraanity based promotion, ‘Push Play’
encourages people to engage in 30 minutes of mlyativity per day (60 minutes for
children), by incorporating physical activity in éveryday activities such as playing with the
kids or walking to work. Similarly, the 10,000 S¢eProgram (and similar pedometer-based
walking initiatives) promote increased physicainastt by encouraging people to take at least
10,000 steps per day, often incorporated into tlomicupational time. Although well
intentioned, it is difficult to assess the sucaafssuch campaigns amongabti. As discussed
previously (see section 3.5), in order for inteti@ms to be effective for Bbri, they must be
culturally appropriate for [&bri, and therefore involve Bbri at all levels; from planning to

implementation (Ministry of Health, 2002).

Furthermore, such initiatives may motivate sedgnitadividuals to become more active, but
the recommendations of these programs may not Hieient to reduce adiposity or the
effects of obesity and insulin resistance iad¥ and others. On the other hand, the mode of
exercises recommended to improve metabolic cousnlally cardiovascular exercise such as
walking, running, cycling, swimming etc) are difiit or unacceptable for some, particularly
the already obese, to perform in public. Alternalyy resistance training has been shown to
be an effective training method to improve insuansitivity in non-Mori (Evas &
Plotnikoff, 2006; Ibanez et al., 2005; Poehlmanpik, DeNino, Brochu, & Ades, 2000),
and may be a more appropriate form of exercisetlier obese and elderly. This is in
accordance with the results of my previous studse (shapter 5), which suggests that

increasing muscle mass (through resistance trginmgy be just as effective in improving
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insulin sensitivity in Mori, as cardiovascular exercise. Resistance trgiman be done

indoors and perhaps could form the basis of a raaaed exercise initiative.

There are limitations when comparing measures aftihewithin separate ethnicities, as
ethnicity is often more closely associated to caltand social identity than it is to biological
or genetic factors (Neil Pearce, Foliaki, Sporle,Ganningham, 2004). Because of this,
identifying what appears to be a physiological dsfpon to a disorder such as insulin
resistance in Mori may actually be a result of a certain lifest@dopted by those who
identify as Mori. ldentifying participants according to ‘herigigather than self-identified

‘ethnicity’ may be more appropriate to detect geneispositions in health.

6.4.1 Chapter Summary

We have shown that VO2maxLBM and %BF are predicbdrissulin sensitivity, in glucose
tolerant New Zealanders. When ethnicity was acaalrior however, VO2maxLBM and
%BF were only predictors of insulin sensitivity ilne Maori group, but not the non-adri
group. Although literature is limited in &ri, the findings of this study are in accordance
with other studies involving Bbri. While reduced statistical power within the rdaori
cohort may have affected the result in that graatper studies in non-Bbri, have found

similar results.
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7  Study 3: Bioelectrical impedance: A valid
method of measuring body compositionin M aori,

when compared to hydrodensitometry.

7.1 Introduction

Adiposity is inversely related to insulin sensityyi and it is believed that excess lipid
accumulation, or stagnancy, is responsible forugigon of the insulin signalling cascade in
insulin sensitive tissues (Boden, 1997; Boden, CRenz, White, & Rossetti, 1994; Roden et
al., 1996). Likewise, population studies have idmtt obesity as a strong predictor of
diabetes, other non-communicable diseases suclrak® @and breast cancer, and all-cause
mortality (Solomon & Manson, 1997). Armed with thieowledge, researchers, clinicians,
and other health practitioners have sought prearsk reliable methods to assess body fat
percentage (%BF) in individuals, so as to predm# tlevelopment of insulin resistance,

diabetes and other obesity related iliness.

The body mass index (BMI) was originally develo@ada simple means of identifying those
at risk of obesity related illnesses, with distit@tit off” points developed to categorize the
level of risk. These cut off points have come urgtgutiny in both lay and scientific media,
as healthy people are often mistakenly categom®enverweight or obese, while other groups
are at greater risk of obesity, and its co-morladijtat a relatively low BMI (Kosaka, Kuzuya,

Yoshinaga, & Hagura, 1996; K. McAuley, Williams, Mg Goulding, & Murphy, 2002).

Body mass index is derived from a person’s weightelation to their height (BMI = weight
(kg)/height (m2)), measures that are easily anakiyiobtained in the clinical healthcare
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setting. Although a direct measure of body fatpetage is a more valid predictor of health
status, obtaining an accurate measure of an intVel body fat percentage can involve

difficult and costly procedures.

Epidemiological evidence indicates that particBa ranges, defined by these cut-offs, are
associated with differing levels of mortality anskrof other ‘life-style’ diseases (Solomon &
Manson, 1997). Whether an individual's measured B&% within a particular range is then
often extrapolated to indicate the presence of ipbesated disease or mortality risk.
However, the use of BMI for such purposes makedtbad assumption that increasing BMI
is a function of increasing adiposity. Whilst apapulation level this is likely true, for an
individual this assumption may not hold. Thus, deegnosis at an individual level, a more

direct method for estimating body fatness mustiomd.

A second, but important issue is that the sampenfivhich population-based BMI risk
assessment is based may not necessarily reprekenipopulations (WHO, 1995). A case in
point is the use of BMI cut offs derived from pogtibns of European decent, to predict
health status in ®bri. What is considered a “healthy” BMI range foon-Maori may be
different from Maori as physical characteristics, and the assoaatith disease risk factors,
probably differ significantly between these ethgroups. For example, Asians and Indians
have been shown to have more body fat than Eurgpaiaa given BMI, while Polynesians
and Maori appear to have less adiposity than Caucasiatteeasame BMI (Swinburn, Ley,

Carmichael, & Palnk, 1999; WHO, 2004).

Hydrodensitometry, also known as hydrostatic weiglor underwater weighing (UWW), has

become the ‘gold standard’ procedure for obtairangaccurate measure of percent body fat
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(%BF). This procedure is based on the Archimedexipte of water displacement, and relies
on assumptions regarding density of body tissuesrder to calculate %BF (Heyward &
Wagner, 2004). Accurate measurement also requabsilation of residual lung volume
whilst submerged; this is then accounted for whaloutating true underwater weight. Thus,
hydrodensitometry is a difficult procedure to penfio especially for those who are lacking in
mobility, such as the clinically obese. It is tHfere impractical for use in population studies

or clinical assessment in heterogeneous groups.

Bioelectrical impedance machines (BIA) on the othand, have become more popular in
recent years because they are now relatively chadpeasy to use. These machines relay a
small electrical current through the body, and Hase the current's impedance through
tissues, an estimation of total body water (TBW) ba obtained. Water is a good conductor
of electricity, so the current flows more easilyoingh fat-free mass (FFM) which has a high
water content (~73% water), while a body with méae ‘impedes’ the electrical current
because of fat’s relatively small water contentyidard & Wagner, 2004). From estimates of
TBW, FFM (and therefore %BF) can then be predidt®ede section 2.4.2.3). The whole
procedure takes less than a minute and requitiesditpertise from the operator or demand of
the individual being tested. If proven reliabldABcould provide a practical solution for

obtaining measures of body composition in poputasitudies and clinical assessment.

Thus the purpose of this study was to investigageréliability and applicability of BIA for

measuring body composition in aabti and non-Mori cohort, when compared with

hydrodensitometry.
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7.2 Methods

7.2.1 Participants

Forty eight men (28 bri & 20 non-Maori) aged 27 = 5 (mean + SD) years old participated
in this study. All participants completed a writteaalth questionnaire and were considered

healthy with no cardiovascular, respiratory or rbete disorders.

Table 7-1— Participant physical characteristics

Maori (n=28) Non-Maori (n=20) Entire Group (n=48)
Mean SD Mean SD Mean SD
Age (years) 26.6 5.1 27.0 4.4 26.7 4.8
Height (M) 1.80 0.07 1.79 0.06 1.80 0.06
Weight (kg) 95.7 18.2 76.8 9.0 87.8 17.6
BMI (kg/m ?) 29.4 5.1 23.9 2.4 27.1 5.0

7.2.2 Protocol

7.2.2.1Hydrodensitometry

Methods have been described in a previous chaptepter 1).

7.2.2.2Bioelectrical impedance

BIA measures were taken 1-2 hours after a smah¢grd) meal (the first meal after a 10
hour fast). As BIA measurements were taken jusbrieefinderwater weighing, subjects wore
only the same swimsuits that were worn in the umdgsr weighing tank during the BIA
procedure. The BIA apparatus used was the BiospafelNBODY by GBC Biomed NZ,

Technipro PTY. This model used ‘direct segmentaltiinequency’ impedance measures, and
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had an ‘8 point tactile electrode system’ to makeedance measurements i.e. two points of
electrode contact per hand and two points of corgac foot. Electrode contact was made
with the palms of the hands and at each thumbhasparticipant grasped the electrode
handles, as well as with the soles and balls ofdbt as the participant stood barefoot upon
the electrode plate. The operator would then éhtparticipant’'s name, age, gender, height
and weight, and the analyser would take approxipa&@ seconds to make the impedance
measurement and produce a printout of %BF, totalybewater (TBW) and segmental

impedance measures from the right leg, left leghtrarm, left arm and trunk.

Participants avoided diuretics, exercise, and atc@hior to testing; all factors which may

reduce the reliability of the measurement (Heyw&aiVagner, 2004).

7.2.3 Statistical Analyses

Independent samples t-tests were used to idemifysaynificant differences in the variables
measured, between theabti and non-Mori cohort. Bivariate correlation analysis was
performed, to determine the relationship betweerasmees of percentage body fat from
underwater weighing and BIA. Simultaneous multidgression analysis was also employed
to determine the effect of ethnicity on this redaghip. All statistical analyses were

performed using SPSS version 10, while scattesplatre made using Microsoft excel 2003.
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7.3 Results

Forty eight people participated in this study (280 and 20 non-Nori).

7.3.1 Body composition

The average %BF from BIA and underwater weighirsgwall as the BMI of the entire group,
Maori only and non-Mori only, are shown in the table belowadti had significantly higher

%BF, LBM and BMI values, compared with the noradvi group (p<0.001).

Table 7-2— BMI and percentage body fat from underwater weig and BIA

Maori Non-Maori Whole Group

Mean SD Mean SD Mean SD
BMI (kg/m ?) 29.4 5.1 23.9 2.4 27.1 5.0
%BF (UWW) 22.9 7.0 15.9 5.0 20.0 7.1
%BF (BIA) 20.6 7.9 13.6 3.7 17.7 7.3

7.3.2 Statistical Analyses

Bivariate correlation revealed that %BF obtaineshfrthe BIA apparatus was a significant
predictor of %BF obtained using hydrodensitometryhie entire cohort (P<0.001), theadfi
cohort (P<0.001) and the nonabti cohort (P=0.017). BIA values explained 77% afiation

in the entire group, 76% in theadri group and 53% in the nonddri group.

Multiple regression analysis was also performedgisithnicity and %BFBIA as independent

variables to ascertain the effect of ethnicity dw trelationship between %BFBIA and

%BFUWW. Ethnicity however, had no significant effepon this relationship (P>0.05).
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Figure 6 — Correlation between underwater weighing and g&tire cohort)
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Figure 7 — Correlation between underwater weighing and Blaori cohort only)
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Figure 8 — Correlation between underwater weighing and Bién-Maori cohort only)
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7.4 Discussion

Because of the association between adiposity afestyle illnesses’ such as diabetes and
cardiovascular disease, accurate measurement gfdooaposition is important in identifying
those most at risk of these disorders. Althougtiulde identify obesity trends in population
studies, the body mass index (BMI) is not a dimeetasure of adiposity and can therefore
under/overestimate obesity and associated headlts rin certain populations. However,
proven methods of body composition assessment, astlydrodensitometry and DEXA, are
not practical for population studies. On the othand, BIA provides an easy and direct way
to measure fatness, and therefore risk of insubisistance, but its accuracy in certain

populations has been questioned. Thus the purpbghiso study was to investigate the
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accuracy of employing BIA to measure %BF in a grotiMaori and non-Mori males, when

compared to hydrodensitometry.

We have shown that %BF values obtained with the &bparatus correlated well with %BF

measures from underwater weighing. Using an eaviesion of the apparatus I've used,

Malavolti et al. showed that whole-body fat-free smaand appendicular lean body mass
obtained from BIA, correlated well with measurensefiom DEXA (Malavolti et al., 2003).

In conjunction with these findings, my results sesjghat BIA could provide a valid and easy
way to measure %BF in bothadri and non-Mori. Although the relationship between BIA

and UWW seemed weaker in the noadvl group (r=0.76 Mori vs. r=0.53 non-Mori), this

is most likely due to an insufficient spread ofalat this group.

Although my results indicate that it may be appiaterfor obtaining population data, the use
of BIA for individual assessment must be approachid some caution. While it correlated
well with UWW, BIA did underestimate %BF by an azge of 2.3% in all three groups
tested, when compared with UWW. This inaccuracselatively modest compared with the
findings of other studies comparing BIA to hydrosiékometry. Heath et al. revealed that BIA
under predicted %BF by 5.7% in men and 9.1% in woiitéeath, Adams, Daines, & Hunt,
1998). Studies have also shown that, when companéid hydrostatic weighing, BIA
overestimates fatness in lean individuals and wesfenates it in overweight individuals
(Heath, Adams, Daines, & Hunt, 1998; Segal, Gufiresta, Wang, & Van ltallie, 1985).
Accordingly, my study showed that BIA underestinda®BF for 21 of the 25 participants
that were over 20% BF, and over estimated %BF iou#t of the 5 ‘lean’ participants

(%BF<10%), supporting the idea that BIA underestea®oBF in overweight individuals and
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overestimated it in lean individuals (Heath, Adamsjines, & Hunt, 1998; Segal, Gutin,

Presta, Wang, & Van ltallie, 1985).

Figure 9 - Correlation between underwater weighing and BdAtire cohort) 95% confidence
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What's more, the degree to which BIA under/ovemeates %BF, can be relatively large. In
this study BIA under/overestimated %BF by at |&&84t for 14 of the 48 participants, 3 of
which were more than 10% under/overestimated. Gtheties have recorded similarly large
under/overestimations of %BF from BIA when companath hydrostatic weighing (Heath,
Adams, Daines, & Hunt, 1998). If technical errorésponsible for these deviations, the re-
breathing protocol during underwater weighing ieely responsible, rather than the BIA

apparatus.
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Figure 10 — The relationship between body fatness and thgredeto which BIA

under/overestimates percent body fat
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variation from 20%BF

In order to obtain an accurate measurement of %&fM tinderwater weighing, residual lung
volume, the volume of air remaining in the lungseafmaximal expiration, should be
accounted for (Buskirk, 1959). Buoyancy of an imdiinal is increased as RV increases, so
that a greater RV can make a person appear ligimeer water than they actually are and
therefore overestimate body fatness. This suggleatsf RV is measured and accounted for,
the amount of air in the lungs during the measurgroéunderwater weight should make no
difference. On the other hand, Welch and Crisp W& Crisp, 1958) revealed that body
density was significantly different between lundurne measured at half expiration and full
expiration. If so, measuring RV at full expiratiae important, but because maximal
expiration can be uncomfortable underwater andessured subjectively, measuring RV is

not without its limitations. After having been umdater for up to 10 seconds with air fully
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expired, many of the participants of this studyrnfdut difficult to stop themselves from

inhaling, as was required of them before connediiothe re-breathing apparatus. Although
measures were taken to ensure that participantsndidinhale before the re-breathing
apparatus was in their mouths and the circuit ofieis, possible that slight inhalation may

have occurred which could alter the dilution and fRR¥asurement.

Another limitation of BIA is its need for specifequations to accurately calculate %BF. In
order to make BIA valid for certain ethnic grougghnic specific equations are required.
Rising et al. showed that BIA %BF measures caledldly the software provided with the
analyser they used, underestimated lean body nmag3ima Indians when compared to
underwater weighing, by 5.3 £ 8.6 kg (Rising, Swinlj Larson, & Ravussin, 1991).
Similarly, Jakicic et al. found that BIA underestited LBM in Caucasians, while
overestimating LBM in African-Americans (Jakicic, ivg, & Lang, 1998). In my study
however, ethnicity did not have a significant effepon this relationship (p>0.05), even
though the same equation was used for bo#lorMand non-Mori. Furthermore, although
BIA underestimated %BF when compared to UWW, thdewestimation was the same in

both ethnic groups (2.3%).

This study also revealed that BMI correlated weilhvthe %BF measures obtained in the
group tested. Indeed the correlation between BMd agdrodensitometry was slightly
stronger than that for BIA and hydrodensitometrythia entire group (r=0.791 vs. r=0.773)
and the Mori group (r=0.775 vs. r=0.756), but very similarthe non-Mori group (r=516
vs. r=0.526). This suggests that BMI in this gradnealthy Miori men is an acceptable way
to identify the degree of insulin sensitivity. Atiigh this implies that BMI may be a valid

index of risk in the group which | tested, cautiomst still be used in applying BMI to
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individual assessment as it is not a measure qfoady, which is the actual risk factor

associated with metabolic disorder.

In this study, just one type of BIA analyser wagdisStudies have shown that impedance
measures obtained from different BIA analyserspraaluce %BF measurements which differ
significantly (Heyward & Wagner, 2004). While tldses not affect the results of my study, it
Is important to understand this if different analgs are used interchangeably during
population research and clinical practice. For gxamif a BIA analyser is used to obtain
repeated measures of body composition during atlafigal study, the same analyser should
be used. | was unable to obtain information regaydhe equations this apparatus used to
determine %BF, so it is questionable whether tlsulte obtained with the Biospace 230

INBODY BIA are comparable with other machines.

The source of error, as a result of technicianl,siglquite minor due to the nature of the
apparatus. However, the position of electrode plece# has been shown to be a major source
of error in other tetra polar BIA analysers. Whilacement of electrodes in other methods
requires technicians to place electrodes at cegaints on the wrist and ankle while the
participant lies supine, the specific apparatugd usethis study is less intricate. Impedance
with this apparatus is measured while the subjectds on the lower body electrode plates,
meaning that contact with electrodes are with thlessof the feet, while upper body electrode
contact comes from the palms of the hands whilepgyng the electrode handles. Because of
this, electrode contact with the feet and hand®iscompletely standardized, creating another

possible source of error.
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Hydration and food consumption is also a sourceefoor when using BIA. Participants in
this study were not in the fasted state, as is estgd by Heyward and Wagner (Heyward &
Wagner, 2004), but food consumption was within t{abstprandial. This consumption time
should have little effect on the BIA measurementshis study however, considering most
studies have shown food consumption and hydratdmate little effect on impedance in the
first 2hrs post-consumption (P. Deurenberg, WedtstPaymans, & Van Der Kooy, 1988; M.
R. Gallagher, Walker, & O'Dea, 1998). Kushner etahclude that eating and drinking have
little effect on the impedance measures until 28t consumption (Kushner, Gudivaka, &
Schoeller, 1996), although others have found copsiom to effect measures at just 1hr post

meal (Rising, Swinburn, Larson, & Ravussin, 1991).

Percentage body fat (%BF) obtained from BIA is blase assumptions of the impedance of
certain tissues (See section 2.4.2.3). Whenevengdsons are made from one population to
another, there is a possibility of error when appgythe assumption to a different population.
Because underwater weighing is the standard tohwBI& is usually compared, and this
method is based on assumptions regarding the wgeokitertain tissues obtained from
reference data in just a few cadavers (Heyward &ivéa 2004), it is important that the
principles and assumptions behind underwater wegghre understood when applied to the
context of different ethnic groups. Bone densitg baen shown to differ between ethnicities,
with Maori and Polynesian having denser bone than Cautsagieid, Mackie, & Ibbertson,
1986; Swinburn, Ley, Carmichael, & Palnk, 1999)c&#se bone makes up a significant part
of LBM in the 2 component model, applying assummiof LBM density to ethnic groups

with greater bone density must be done with caution
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Interestingly, considering the body of literatuedttated to developing more direct measures
of body composition to predict health status, ncegted guidelines for a healthy percentage
body fat range exist. In 2000, Gallagher et al.lighkd a paper which provided the ground
work for establishing international healthy body fanges (D. Gallagher et al., 2000), but
almost a decade later and, to my knowledge, stdnblady fat ranges have still not been
established. Until such ranges are establishedldement of easier to use methods of body
composition measurement, are of little value inljpubealth assessment. On the other hand,
the realization that body fat distribution is a maignificant predictor of insulin sensitivity
and health risk than total body fatness, may hatedh the development of appropriate body
fat ranges as the focus shifts toward body fatitistion and the measurement of ectopic fat

stores.

7.4.1 Chapter Summary

We have shown that the Biospace 230 INBODY BIA gsel, provided %BF measures that
correlated well with the ‘gold standard’ methoduoiderwater weighing in a group of healthy
males but that with the manufacturers equation, B#¥% underestimated by an average of
2.3% in the entire group (sdable 7-2 and this was similar in Bbri and non-Mori. Also,
BIA may not be appropriate for individual assesstnes it caused significant under/over
estimation of %BF. While the results of this studg not demonstrate a significant
contribution from ethnicity like other studies, gshtould be due to the small sample size

employed.
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8 Study 4: The repeatability of percutaneous
electrically stimulated twitch characteristics in

healthy men

8.1 Introduction

Within the body, skeletal muscle is the main sitensulin-mediated glucose disposal (Baron,
Brechtel, Wallace, & Edelman, 1988) and lipid oxida (cited in Kim, Hickner, Cortright,
Dohm, & Houmard, 2000). Thus, skeletal muscle imssénsitivity largely determines whole

body insulin sensitivity.

A whole skeletal muscle is innervated by many magurons; each motor neuron innervates
a set of muscle fibres (multi-nucleate cells callagocytes). The motor neuron and the
muscle fibres it innervates are called the motat. ufihe fibres in each motor unit area are all
innervated together and possess similar functioclahracteristics and physiological

properties. However, between motor units theseefibharacteristics and properties are
different and can be compared and classified byeeithistochemical, biochemical,

morphological or physiological characteristics (c&tevens, & Binder-Macleod, 2001).

Although current methods of this “fibre typing” yahostly on biochemical and histochemical
analysis of muscle samples obtained through biopsiscle fibres are also characterized by
certain contractile characteristics. In fact, treliest fibre-typing research was based on
observations of different contractile behaviourwestn different muscle groups in animals
and humans (Needham, 1926). Fast twitch fibres wfeogvn to have a shorter twitch time, a
higher twitch tension and a greater fatigabilitaritbslow twitch fibres (Sadoyama, Masuda,
Miyata, & Katsuta, 1988; Thorstensson & Karlsso®7@). Twitch characteristics and
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muscular fatigability measured with methods otlwantbiopsy, have also proven to correlate

well with fibre type composition (E. Suter, Herz&nkolosky, Wiley, & Macintosh, 1993).

The proportion of these varying fibre types, witlarwhole muscle, has also been shown to
relate closely with body composition and insulimsgvity. In this context, if a person
possesses a greater proportion of fast twitch (tppglycolytic) muscle fibre, they are more
likely to have increased adiposity and reducedlinsensitivity (Hickey, Carey et al., 1995;
Tanner et al., 2002; Wade, Marbut, & Round, 19@®@nversely, those characterised by more
slow twitch (type | oxidative) fibres, are lessdii to be obese or insulin resistant (Lillioja et
al., 1987a). This association between muscle fijgpe-and insulin sensitivity is likely due to
the variation in oxidative capacity between musithees, which alter the rate of lipid
metabolism and therefore glucose transgbdugaard et al., 2000) (See section 2.6.3 and

2.6.4).

It is thought that fibre type is genetically detared (Komi et al., 1977) and a number of
studies have shown an ethnic difference in fibqgetproportion in well-trained and obese
individuals (Ama et al., 1986; Kohn, Essen-Gustamns® Myburgh, 2007; Tanner et al.,
2002). However, more recent studies have revedladfibre type proportion can change in
response to training or inactivity (Adams, HathBagldwin, & Dudley, 1993; Schantz,
Billeter, Henriksson, & Jansson, 1982; Staron gt1&91). Denervation, as occurs in the leg
muscles of paraplegics, reduces the relative nurabgpe 1 fibres (Burnham et al., 1997,
Martin, Stein, Hoeppner, & Reid, 1992) and fatigesistance (Rochester et al., 1995). These
adaptations can be reversed by repeated elecsticalilation (Martin, Stein, Hoeppner, &
Reid, 1992; Rochester et al., 1995), demonstrahiagcontractile activity alone, can induce a

shift in the muscle fibre from fast, fatiguing fas (11X), to slower, less-fatiguing fibres (lIA
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and 1). However, in able-bodied people, change$hre type with training are generally
small, restricted to conversion of type IIB to typA (P. Andersen & Henriksson, 1977,
Houmard et al., 1993), or non-existant (P D Gokret al., 1973). Simoneau and Bouchard
(J. A. Simoneau & Bouchard, 1995) suggest thaeftlgpe proportion is partly a function of

both genetics and environment.

Given the inherent nature of an individual’s fibype and the apparently protective effects of
slow fibre types against the development of insudisistance, understanding an individual's
muscle composition could potentially be a meansdenmtify early, those most at risk of
metabolic disorders such as diabetes. Also, bedheseffects of different training intensities
are fibre type specific (Cortez, Torgan, Brozinidk, lvy, 1991), identifying fibre-type

proportion could provide more effective exercisesgription.

In order to obtain an estimate of muscle fibre prtipn, muscle biopsies are usually
required. Once a sufficient sample of muscle isioled through biopsy, the individual fibres
are identified by biochemical or histochemical gsed, or myosin heavy chain identification.
The biopsy procedure is very invasive, containsesoisk, and because of inter-muscular, as
well as intra-muscular variation of fibre type, ttediability of obtaining a true representation
of muscle composition has been challenged (Lextdhriksson-Larsen, & Sjostrom, 1983;
Lexell, Taylor, & Sjostrom, 1985). Furthermore, mvié biopsy samples are reliable, the
classifications obtained through the different gsial techniques mentioned above do not

always agree (Staron, 1997).

Percutaneous (via the skin) electrical stimulatitas been utilized for decades in many

clinical settings to maintain muscle mass and gtreduring times of immobilization (Delitto
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& Snyder-Mackler, 1990; Lake, 1992). Electricalhstiation allows the muscle to produce
force while bypassing the nervous processes indolwéh a voluntary contraction. In a
research context, electrical stimulation has predih way to simulate voluntary muscle
contraction, and has been used in many physiolbgicalies as a substitute for voluntary
exercise. Only one study that | know of has applietb the measurement of contractile

properties however (Blimkie, Sale, & Bar-Or, 1990).

Therefore, it was the intention of this study to adjserve whether twitch characteristics
obtained by measuring the time to peak tensionnoklactrically stimulated twitch were
repeatable, and b) whether variation could be esebetween subjects, in order to ascertain
the feasibility of investigating the electricallwaked twitch method and it's relation to

muscle fibre type.
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8.2 Methods

8.2.1 Participants

Nine men aged 27 + 4.3 years (mean + SD) volunte&veparticipate in this study. All

participants completed a health questionnaire; neperted any cardiovascular problems,
diabetes, used a pacemaker, or chronic injurigswbald prevent them from performing the
movements required. All of the participants pap@ted in social sport but none were well-

trained. Their physical characteristics are descriin the table below.

Table 8-1— Participant physical characteristics

Participant Age (yrs) Height (m) | Weight (kg) | BMI (kg/m?) %BF
W 25 1.95 110.2 29.0 28.0
NP 32 1.59 61.0 24.1 14.0
HM 18 1.74 69.4 22.9 8.0
WR 25 1.94 75.8 20.1 13.5
GE 32 1.67 62.4 22.4 8.0
CM 29 1.81 84.5 25.8 14.0
™ 28 1.67 62.8 22.5 15.0
DN 26 1.82 71.5 21.6 21.3
JM 28 1.78 68.6 21.7 16.0
Mean 27 1.77 74.0 23.3 15.3
Standard Deviation 4.3 0.12 154 2.7 6.2
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8.2.2 Protocol

Participants attended the Massey University HumarioRnance Laboratory at the Turitea
campus, in the morning after breakfast, but befoneform of exercise for that day. All were

asked not to perform any unnecessary leg exentigei3 days leading up to the test.

Usually participants came in groups of 2-4, thoubls was not always the case. Each
participant was asked to sit in a seated positioa specially designed rig and was secured to
the seat by tightening a safety belt around thetevas load cell (Sensatronics — Class; C3
DIV 3000) was then attached to the participant’'snai@nt leg (identified as the leg they
would naturally kick a ball with) just above theké: (maleolus) with a Velcfostrap which
could be adjusted to limit the slack between retiaxaand contraction. This was connected to
a custom made D.C amplifier and then to the ‘Polady 4/25’ (ADInstruments, Australia).
This circuit of apparatus measured the amount afefdthat the lower leg exerted during an
electrically stimulated leg extension. Percutaneslastrode pads were attached to the lateral
part of the thigh on theastus lateralisOne electrode was placed ®/6f the distance from
hip to knee and the second at"the distanceChart v5.4.2software byADinstruments,
Australiawas used to collect data as well as control thawttion, by way of a Digitimer
Stimulator (model DS7ADigitimer Ltd, Englangl This software provided numerical and
graphical data of absolute force produced pertumig. Two point calibration of the load cell

was performed each morning before testing.

After being attached to the measuring apparatush eaarticipant went through a
familiarisation routine involving a series of evokéwitches controlled by the Digitimer
stimulator. These were all at 10V and increaseahiperage from 100-900 mA. Appropriate

testing amperage was obtained when the maximume fgnoduced by the electrical
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stimulation reached a plateau and no longer ineceasth an increase in amperage, or when

the participant no longer felt comfortable withiaorease in amperage.

Five twitches were then measured at the ‘plategoeaage’ with a 30 second break between
each administration. Each twitch was then analysetime to peak-force (TPF), and time to

50% peak-force (T50).

Each participant returned to the laboratory two enimes to conduct this repeat this testing

protocol. The three testing sessions were 3-5 dpg# for each participant.

8.2.3 Analysis of twitch

Figure 11— Computer analysis of electrically evoked twitch
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Each of the 5 twitches obtained at each testingi@@svas analysed for time to peak force
(TPF) and time to 50% peak force (T50) using tharCh5.4.2 software (ADInstruments,

Australia) (table 4.2).

8.2.4 Statistical Analyses

Repeat-measures analysis of variance was perfortoethvestigate differences in the
dependent variables (TPF, T50): a) within a tessegsion (individual twitch number), b)
between testing days (session), c) between patitspand d) interactions between a), b), and

c). Significance required a 95% level of confidetweetect a real effect @0.05).
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8.3 Results

All participants completed all three trials with mmal discomfort and no reported side

effects.

8.3.1 Reliability of twitch characteristics

Analysis of variance revealed that there were goiicant interactions between individual
twitches and subject, nor was there an interachietween individual twitch and session
(p>0.05). However, significant interaction was raeel between subject and day, indicating
that some subjects did differ from one day to aeoith TPF and T50 (P<0.001 for both),
even though overall the difference between trigisdaas not significant within the group

(P>0.05).

There was no significant difference between indaidtwitches taken within each trial day
either (P>0.05), indicating the repeatability o test within sessions and between sessions.
The analysis of variance also showed that theresrgasficant variation between subjects in
both TPF (P<0.001) and T50 (P<0.01). Takigure 12 shows the repeatability of the T50

andFigure 13 the repeatability of TPF (n=9)
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Figure 12 — Repeatability of the T50 measure for each gpgit, and the variation between
participants (each colour represents a singleqipaint)
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Figure 13— Repeatability of the TPF measure for each ppéait, and the variation between
participants (each colour represents a singleqgipatnt)
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8.4 Discussion

Because a higher proportion of fast-twitch musdbeefis associated with a greater risk of
obesity, insulin resistance and type-2 diabetesasoméng an individual’'s fibre-type
proportion may, in theory, aid in identifying thogéth a greater risk of developing type-2
diabetes. The metabolic effects of different foraisexercise also appear to be fibre-type
specific (Cortez, Torgan, Brozinick, & Ivy, 199190 that identifying an individual’s fibre
type may provide more specific exercise recommenidigtto maintain and improve insulin
sensitivity. Due to the invasive nature of the ipprocedure required for histochemical and
biochemical identification of muscle fibre typecmneitment into fibre type-based studies and
the scope of research in this area has been limelg@w studies suggests that contractile
properties measured externally, are related tedijgpe proportion obtained through biopsy
(lvy, Withers, Brose, Maxwell, & Costill, 1981; Sayghma, Masuda, Miyata, & Katsuta,
1988). Thus, it was the purpose of this study testigate the utility and reliability of twitch
characteristics (measured as time to peak tensidm)ing a percutaneous electrically
stimulated twitch. It was not the intention of tisisidy to investigate whether the electrically
evoked twitch characteristics reported correlatesdl with fibre type proportions obtained
through biopsy and histochemical analysis, butniestigate whether the measures were a)

individual, and b) repeatable, and therefore waedifurther investigation.

A number of studies have made the comparison betwestractile characteristics obtained
with external stimuli and histo/bio-chemically aysed fibre type proportion from muscle
samples, but using different methods to charaeeastractile property (lvy, Withers, Brose,
Maxwell, & Costill, 1981; Sadoyama, Masuda, MiyagaKatsuta, 1988; E. Suter, Herzog,
Sokolosky, Wiley, & Macintosh, 1993). These studise shown that conduction velocity

(Sadoyama, Masuda, Miyata, & Katsuta, 1988), peague, peak power and the rate of
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power production (lvy, Withers, Brose, Maxwell, & ofill, 1981) are related to
histochemically determined fibre type compositi@thers have also shown a relationship
between muscle fatigue and histochemically detezthiibre type (E. Suter, Herzog,

Sokolosky, Wiley, & Macintosh, 1993; ThorstenssoiKé&lsson, 1976).

In the present study | have been able to show ¢haked twitch characteristics in the
quadriceps muscles of an individual, in terms ofetito peak tension at least, are highly
repeatable within a testing session. While somevitidals produced significantly different
results on different days, overall there was naifitant difference in both TPF and T50
between testing sessions, suggesting that thisuree@slargely repeatable. It is important to
note that there was a significant variation betwientwitch characteristics of subjects tested,
suggesting that a person’s muscle twitch charattesi are inherent and not subject to
temporal or environmental influences. To my knowkedonly one previous study has
employed percutaneous electrical-stimulation tcemeine twitch characteristics, although
this study measured peak dynamic torque with a gmaeter (Blimkie, Sale, & Bar-Or,
1990). One other study also used a force transdateng with EMG, to measure fibre
conduction velocity, but the measurement was takaimng a voluntary contraction, rather
than an electrically evoked contraction (SadoyaMasuda, Miyata, & Katsuta, 1988).
Because a maximal voluntary contraction can beiémited by psychological factors such as
motivation, an electrically stimulated twitch mayopide a way to overcome the error
associated with such psychological factors. To dhéze are no published studies which

report measuring the time to peak force of an gtadly stimulated twitch.

Because | was unable to ascertain whether the mesasuook (TPF, T50) were associated

with other indicators of fibre type characteristios whether these measures truly represented
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the twitch characteristics of the muscle, the rdxtious step in this line of research would be
to compare these twitch characteristics to biopsyes, in order to determine whether these
twitch measures are correlated with fibre type propn. As fibre type is also associated with
insulin sensitivity and %BF, it would also be of ¥oto investigate the correlation of these
twitch characteristics with measures of body contmesand insulin sensitivity, and whether

measurement of contractile properties can be ereglty predict insulin sensitivity.

Because of the innovative nature of the methodd umsthis study, presently, no reviews exist
which discuss the percutaneous electrical stimardatmethod and its limitations in
determining twitch characteristics as such. Newdetfs, care was taken in placing the
electrode pads in the same spot on the thigh fdn eassion. Besides placement of electrode
pads, possibility for technical error from impulaeministration was small, because the
timing and magnitude of the impulse was controldectronically. The variation that some
participants showed in TPF and T50, between tes@sgions, could be explained by either
muscular fatigue during sessions. Also, attachroetite lower leg to the force transducer has

been identified as a possible source of operatiemat.

For field studies, or in laboratories where a dyoarater is not available, measurement of
peak tension with a simple force transducer maymioee appropriate. On the other hand,
because T50 and TPF have not been compared with fyjpe determined from muscle
samples, as fatigue, peak torque, peak power d@adofgpower production have been (lvy,
Withers, Brose, Maxwell, & Costill, 1981), it is gsible that these two measurements may
not relate to fibre type, or even muscle contracploperties. Nevertheless, if further
investigation demonstrates that this techniquesetaies well with fibre type proportion and

measures of insulin sensitivity, it could providenan-invasive way to predict insulin
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sensitivity in population studies, and aid in thevelopment of fibre-type specific exercise

recommendations.

8.4.1 Chapter Summary

The time to peak force (TPF) and 50% peak forc®) Db an electrically evoked twitch in the

vastus-lateralis is repeatable within a sessio® ofitches and between 3 separate testing
sessions. Variability of twitch characteristicsvioe¢n subjects is significant. Further study is
recommended, to assess the validity of this metlaeda true representation of muscle
contractile properties, and whether the contragiileperties measured can predict insulin

sensitivity.
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9 Study 5: Measuring muscle contractile
properties to predict insulin sensitivity in health y

men

9.1 Introduction

Skeletal muscle fibres vary in functional and metabproperties which meet the varying
requirements placed upon them. Slow twitch fib@stain a slower myosin ATPase, a greater
mitochondrial volume/density, oxidative enzyme dtyi and greater capillarization than fast
twitch fibres, making them more efficient and léa8gable during prolonged exercise. Fast
twitch fibres on the other hand, are better suitedigh-power, short bouts of muscular
activity, and evidently contain a greater propart{@olume/volume) of glycolytic enzymes
than slow twitch fibres (Wilmore, Costill, & Kenngf005; Zierath & Hawley, 2004). Whole-
body aerobic fitness, measured as maximal oxygeéakapis largely determined by blood
supply to the working muscle (Gonzélez-Alonso & 4] 2003), but also relies upon
sufficient mitochondrial content and oxidative emsy activity to utilize this delivered
oxygen; as indicated above, all of the latter agsoaiated with slow twitch muscle fibre
(Essén, Jansson, Henriksson, Taylor, & Saltin, 18i&5 Watkins, & Kelley, 2001; Zierath &

Hawley, 2004).

These noted variations between muscle fibres haypéaations for health status in humans.
Chronic endurance exercise (endurance traininggases an individual's oxidative capacity,
mainly due to an increase of mitochondrial voluneasity and capillarization of the trained

muscle (J. O. Holloszy & Booth, 1976).
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Table 9-1— Twitch speed, aerobic capacity and fatigabdityarying muscle fibre types

Fibre Type Twitch speed Aerobic capacity Fatigability
Type 1 Slow High Low
(slow twitch/oxidative)

Type 2A Fast Medium Medium
(fast twitch/oxidative)

Type 2B Fast Low High
(fast twitch/glycolytic)

This increase in aerobic/oxidative capacity is asged with improved whole body insulin
sensitivity (C. R. Bruce et al., 2003) and an inve ability to oxidize lipid (Goodpaster,
Katsiaras, & Kelley, 2003). Chronic muscle conti@tt which occurs with endurance
training, also appears to induce a conversion,tatb®y, from fast twitch to slower twitching
fibres (Schantz, Billeter, Henriksson, & Janssd@82). Interestingly, possession of a greater
proportion of slow twitch muscle fibres is assoethtwith greater whole body insulin

sensitivity (Lillioja et al., 1987a).

One functional characteristic of fibre type istitae to reach peak force, or ‘twitch speed’. As
the name suggests, fast twitch (type Il) muscleeBbcontract, but also relax at a greater
velocity than slow twitch fibres (Harridge et al996; Reiser, Moss, Giulian, & Greaser,
1985). Consequently, the fast twitch fibres areblm&o maintain this force production, and
fatigue more rapidly than slow twitch fibres whemded to contract repeatedly (Thorstensson
& Karlsson, 1976). Work by Suter et al. (E. Sutéerzog, Sokolosky, Wiley, & Macintosh,
1993) showed that the rate at which relative todgereased after 60 maximal leg extensions,
was related to the proportion of type Il musclerdib in thevastus lateralisidentified by

histochemical analysis.
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The literature suggests that improved oxidativeacdyp, as a result of a high proportion of
well-trained, slow twitch (oxidative) muscle, is rmajor factor in determining insulin
sensitivity. Consequently, identifying those withheher proportion of fast twitch muscle
fibre may provide a glimpse at those most at riskisulin resistance and diabetes. Although
research is still inconclusive as to the roles efiaggics and exercise in determining muscle
composition, some studies suggest that ethnicftyences fibre-type proportion (Ama et al.,
1986; Kohn, Essen-Gustavsson, & Myburgh, 2007; €am al., 2002). Thus, it is possible
that high-risk populations, such asati, may be more prone to insulin resistance dua to

genetically determined greater proportion of fastdh muscle fibres.

Although it is well known that fibre type is reldtéo obesity and insulin resistance, no studies
to my knowledge have attempted to observe a reislip between muscle contractile
properties, measured externally using methods dttemn biopsy, and markers of insulin
sensitivity. Certainly, no study has investigatedse relationships in #ri. While | have
shown in Study 4 that time to peak and 50% peagiaen(TPF and T50) are repeatable and
that there is variation between participants, tHasemeasurements are unique to this study
and have not been compared with fibre type in thg that fatigue, peak torque, peak power
and rate of power production have been (lvy, Wighd&rose, Maxwell, & Costill, 1981).
Thus, T50 and TPF may not be a representatiorbod tiype proportion, or even contractile
properties of muscle, at all. Nevertheless, it wiesaim of this study to observe whether T50
and TPF induced by an electrically stimulated ismiméwitch, as well as the fatigability of

muscle, were related to markers of insulin sengjtiv
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9.2 Methods

9.2.1 Participants

Twenty one men (12 Bbri and 9 non-Mori) aged 27 =5 (mean + SD) years old participated
in this study. All participants completed a healtjuestionnaire; none reported any
cardiovascular problems, diabetes, used a pacenmkéad chronic injuries that would
prevent them from performing the movements requifdidof the participants participated in
social sport but none were well-trained. Their ptgischaracteristics are described in the

table below.

Table 9-2— Participant Physical characteristics

Mean SD
Age (yrs) 27 5.0
Height (m) 1.79 0.09
Weight (kg) 83.6 17.2
BMI (kg/m ?) 26 4.6

9.2.2 Protocol

The methods used to obtain measures of blood bioiskry, body composition and aerobic

capacity in this study, were identical to thosevpesly described (see section 5.2).

9.2.2.1 Electrically evoked twitch test
Participants followed a protocol previously desedbin the methods section of Study 4,
except they only participated in one session debtecally stimulated twitches instead of the

three separate sessions required of the participarnihe feasibility study.
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9.2.2.2 Fatigue Test
This test was performed on the Biodex isokinetioaityometer (Biodex Medical systems,
NY, USA), and was designed similar to a protocaduby Suter et al. (E. Suter, Herzog,

Sokolosky, Wiley, & Macintosh, 1993).

Participants were asked to sit in the seat of tloeld& apparatus and their dominant leg (see
section 8.2) was attached to the dynamometer pwteathe ankle, with a specially designed
padded strap. The arm of the dynamometer ran phtallthe lower leg and its pivot point

was adjusted to be in line with, and 10-15mm frdme, lateral condyle of the femur.

After a warm up including stretching and 3 setd tdg extensions at various velocities on the
apparatus, participants became familiar with thheddhey would be exerting during the test.
For the testing protocol, participants were askegdrform 60 knee extensions at an angular
velocity of 90 degrees per second. Participantevegrcouraged throughout the test to put
forth a maximal effort for each contraction. Peakgtie was recorded for each contraction
throughout the test. For a detailed descriptiothefdynamometer apparatus and its use, see

Thorstensen et al. (Thorstensson, Grimby, & Karns4®76).

The Biodex software (Biodex System 3) provided psafseeError! Reference source not
ound.) and tables of the peak torque of all 60 contoastithroughout the test. These tables
were used to calculate the fatigability of an indibal. To calculate fatigability i.e. the drop
off of torque after 60 contractions, the mean @& pleak torque for the last five contractions

(mean of 56-60), was subtracted from the peak torgaorded in the test (Tmax), to obtain
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the absolute difference (Tdiff). The relative fatg the drop off as a percentage of Tmax

(%diff), was also recorded.

Figure 14 — Computer Analysis of Tdiff by subtracting T60rm Fmax
Fmax (highest torque for test) T60 (mean of conivacs6-60)
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9.2.3 Statistical analyses

VO,max was expressed relative to lean body mass (lmerived from two compartment
hydrodensitometry) rather than relative to wholdymass because it: a) better represents the
aerobic performance of the working muscle (CooneeBker, Drinkwater, Meyers, &
Goldberg, 1989); and b) provides for a truly indegent variable in the multiple regression

analysis.

Simultaneous multiple regression was performed han dependent variables which were
markers of insulin sensitivity or glucose tolerang¢OMA-IR, fasting glucose, fasting
insulin, two-hr glucose two-hr insulin). The indepent variables included in the analysis
were percentage body fat, relative M@x/Ibm (mlLkg' Ibm.min%), and T50 or TPF.
Bivariate correlation was used to describe thetiolahip between T50 and the dependent

variables. Bivariate correlation was also useddscdbe the relationship between measures
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from the fatigue study (PerDecl, Absdiff and Fmaapd the previously noted dependent
variables. Significance was ascribed at a confiddacel of 95% (two tailed). All statistical

analyses were performed on specialist software $SRS3sion 10).

9.3 Results

We were unable to obtain a *2hr glucose sampl@har participant and *2 hr insulin samples

for four participants.

9.3.1 Blood Biochemistry

Table 9-3— Blood biochemistry

Mean SD n
HOMA-IR 1.76 1.5 21
Fast Ins (pmol.L '1) 56 42 21
Fast Gluc (mmol. L ™) 4.7 0.5 21
*2hr Ins (pmol.L '1) 145 111 17
*2hr Gluc (mmol. L % 4.3 0.9 20

9.3.2 Body Composition and Aerobic Capacity

Table 9-4— Percent body fat, lean body mass angrwé&xLBM

Mean SD
%BF 18.0 7.8
LBM (kg) 68.0 9.4
VO,max LBM (ml.kgLBM -1.min-1) 55.43 7.8
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9.3.3 Twitch Test

9.3.3.1Multiple regression analysis

Simultaneous multiple regression analysis revetilatl46% of the variance in HOMA-IR, 45

% of the variance in fasting insulin, and 56% a ttariance in 2hr insulin, could be predicted
by the T50 value (p<0.05). TPF was not a signifigaredictor of any of the independent

variables analyzed (p>0.05).

9.3.3.2 Bivariate Correlation

Bivariate correlation showed that T50 and TPF weog significantly correlated with
VO,max/lbm (r<0.2, p>0.05). My results did show howetreat T50 was directly correlated
with HOMA, fasting insulin, 2hr insulin and 2hr glose (p<0.05). T50 was also significantly
related to %BF as well as absolute body weight (@80 TPF however, was not significantly
related to any of the variables tested. There vaasignificant relationship between T50 and

ethnicity or T50 and age (p>0.05).

9.3.4 Fatigue Test

9.3.4.1Multiple regression analysis
Simultaneous multiple regression revealed no smamt contribution to markers of insulin
sensitivity or glucose tolerance from Fmax, Pered\bsDiff, when included with the other

independent variables used (M@ax/lbm and %BF) (p>0.05)

9.3.4.2Bivariate Correlation

Bivariate correlations showed that Fmax (maximatéogproduced during the fatigue test) and
Absdiff (absolute difference between Fmax and theamof the last 5 twitches) were
significantly correlated with T50 and %BF (p<0.0Emax and Absdiff were also related to
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HOMA-IR measurements (p<0.05). PercDecl (The mdaheolast 5 twitches as a percentage
of Fmax), which represented the relative declinefarte, was not related to T50, TPF,
VO,max/lbm, %BF or any of the blood markers (p>0.05).

Table 9-5— Simultaneous multiple regression analysis

Dependant variable Independent variable R r2 t-value P-value n
HOMA-IR 0.675 | 0.455 0.014 21
T50 2.963 0.009
VO,max/Ilbm -1.563 0.137
%BF -1.484 0.156
Fasting serum insulin 0.670 | 0.448 0.016 21
T50 2.803 0.012
VO,max/Ibm -1.650 0.117
%BF -1.241 0.232
Fasting serum glucose 0.524 | 0.275 0.132 21
T50 2.318 0.033
VO,max/Ilbm -0.109 0.915
%BF 2.318 0.033
2hr serum insulin 0.746 | 0.557 0.012 17
T50 3.353 0.005
VO,max/Ibm -1.282 0.222
%BF -1.702 0.113
2hr serum glucose 0.619 | 0.383 0.047 20
T50 1.650 0.119
VO,max/Ibm -1.243 0.232
%BF 0.350 0.731
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9.4 Discussion

Muscle fibre type proportion is related to athlgterformance as well as metabolic health.
Measuring fibre type proportion in an individuahcle difficult and invasive however, as it
requires muscle samples obtained through biopsyreRiype proportion is also associated
with a person’s muscle contractile characteristied fatigability measured externally. Thus,
the purpose of this study was to investigate thHatiomship between electrically evoked

twitch characteristics, muscular fatigue and makdérinsulin sensitivity.

Although studies have shown that insulin sensitivd associated with an individual’s
histochemically determined fibre type proportion, the author's knowledge, none have
investigated whether contractile characteristicsasneed externally could predict insulin
sensitivity. In this study, | was able to show tletectrically evoked twitch characteristics
were significantly related to estimates of insufiansitivity (HOMA-IR). There was no
significant interaction between twitch charactécstand age, or twitch characteristics and
ethnicity in this cohort. While the TPF measure was a significant predictor of any of the
variables studied, T50 was a significant predictiofasting insulin, 2hr insulin (post glucose
load) and 2 hr glucose (post glucose load). T50 alss significantly related to BF% in this

cohort, but not V@nax/Ilbm LBM.

According to findings of twitch characteristics afig relationship to fibre type, if a

correlation was observed between T50 and insuhisigeity, it was expected to be an inverse
relationship, as fast twitch fibres are associatéth obesity and insulin resistance i.e. the
shorter the T50, the higher the %BF and HOMA val&sprisingly however, these were not

inverse relationships as expected. That is, thogle the highest HOMA-IR score (more
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insulin resistant) were characterised by slowetdwspeeds. This observation can probably

be explained according to the methodology I've aygd.

Electrical conductivity in the thigh may explairethhelationship between slower twitch time
and higher HOMA-IR, because a higher HOMA-IR isosggly associated with increased
%BF. While muscle is a relatively good electricahductor, adipose tissue is not. Indeed it is
possible that conduction of the electrical impuisay be different, but repeatable between
individuals because of some other inherent or miay$actor such as subcutaenous fatness (of
the thigh). Therefore, the electrical impulse adstered percutaneously would be impeded in
those with greater adiposity surrounding the vagatisralis, increasing T50. In order to
account for the impedance, | also observed whethere was a relationship between
adiposity and ‘time to force Iinitiation’ (identifieas the time from impulse administration to
the moment contractile force went beyond 3 standbedations from initial force). No
significant relationship existed between ‘time torck initiation’ and obesity however
(P>0.05), neither was there a significant changeha results when T50 and TPF were
adjusted for ‘time to force initiation’. These fings suggest that factors associated with
adiposity, other than impulse impedance, are resplen for the ‘adiposity/slow-twitch’

relationship.

Furthermore, | expected to see a relationship kEtveesubject’s ability to resist fatigue in the
fatigability test, and their Vé@nax/lom Suter et al. (E. Suter, Herzog, Sokolosiley, &
Macintosh, 1993) showed that the decline in foneend) a dynamometer test similar to mine,
was associated with fibre type. They found thaséhwith a greater proportion of fast twitch
fibres had a greater relative decline than thogé wihigh proportion of slow twitch fibre.

This study revealed that the relative decline watssignificantly related to markers of insulin
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sensitivity or aerobic fithess (expressed as ,@x/Iom). Relative decline was not

significantly related to T50 or TPF either.

It appears that the methods | used to obtain twat@racteristics, namely TPF and T50 of an
evoked twitch, are probably not valid as measurefiboe type and thus require further
development. Indeed, T50 and TPF are innovativesarea which have not been compared
with muscle samples, so these two measures mayctoally be associated with twitch
characteristics in the muscle at all. However, fitegue protocol, which has been shown to
correlate with fibre type, did not produce any #igant relationships between fatigability
and markers of insulin sensitivity either. This ltbbe due to the use of healthy subjects in
my studies, as variations in oxidative capacity amsulin sensitivity do not only exist
between different fibre types, but between the shbre types of different subjects i.e. It is
possible to have insulin sensitive type 2 fibrelsug, observations of the protective qualities
of type 1 fibre would only be distinguished in ualtby subjects. Nonetheless, there are a
number of useful applications for measuring fibgget proportion, warranting further

development of non-invasive methods of fibre-typing

Because fibre type is associated with obesity &edability to oxidize lipids, measuring an
individual's fibre type proportion, may allow earigentification of those who are most
susceptible to obesity and metabolic disorder, lbefpre the individual has reached an

unhealthy state.

The type of exercise i.e. endurance-type or higénisity, and its effectiveness in improving
metabolic profile, is also influenced by fibre-tym® that measurement of a person’s fibre

type proportion may allow prescription of exerctbat is more specific to an individual’s
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metabolic needs. ‘Fibre-type dependant’ exercisesgiption would apply to primary
prevention of obesity and insulin resistance, alt agethe treatment of those who are obese
and/or glucose intolerant. In regards to reducingybfat within the obese, Tanner et al.
(Tanner et al., 2002) found that obese individwailh a higher proportion of slow-twitch
fibres were better able to reduce body mass witmrention, when compared with those who

had a higher proportion of fast-twitch fibre.

Studies have shown that muscle fibre type proportibffers between ethnic groups.
Interestingly, the same ethnic groups that aretified in the literature as having a greater
proportion of fast-twitch muscle fibore (Ama et al986; Tanner et al., 2002), are also
identified in epidemiological studies as those vgthater risk of obesity and diabetes (Cowie
et al.,, 2006). The data highlighting this relatioipsis limited to only a few ethnic groups
however, and certainly, there is no muscle fibggetydata from Mori. Because of the
invasive methods required to accurately measurerihygortion of skeletal muscle fibre types,
it has not been possible to obtain population dataparing the fibre type proportions of
different ethnic groups. Nevertheless, based odiesuin other ethnic groups, it remains
possible that Mori have a greater predisposition for obesity, linstesistance and diabetes
than NZEO, because of a genetically determinedhdrigoroportion of fast-twitch muscle

fibre.

9.4.1 Chapter Summary

The results of this study did reveal a relationshigtiween electrically-evoked twitch
characteristics and blood markers for insulin tesise. There was also a relationship between
adiposity and twitch characteristics, but neithdrtivese relationships were inverse as

expected i.e. twitch time in this study increase@diposity increased, suggesting flaws in the
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methods used. Fatigability, which has been shownotoelate with fibre type proportion
measured in-vivo, was not a significant predictbinsulin sensitivity, adiposity or aerobic
fitness either. The association between fibre tgpe metabolic health warrants further
development of non-invasive techniques to enabithdu investigation in this area, and to

explore whether fibre type can partly explain ethmealth disparities.
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10 Conclusions

The line of research presented in this thesis waeniaken in an effort to help explain why
Maori appear more predisposed to insulin resistandetype-2 diabetes than New Zealanders
of European Origin. | acknowledge the importanceso€io-cultural and socio-economic
factors, and the role they play in the prevalercinis condition, but this thesis has focussed
on the physiological factors which may contributealso recognise the limitations of
including ethnicity data in this physiological raseh. What's more, | acknowledge that the
study participants were by and large homogenoudicpkarly the Miori cohort; thus the
results may only be applicable to youngdv men. Nevertheless, it is the age represented by
these participants which is likely critical in tdevelopment of diabetes and cardiovascular
disease; Mori men have arguably the lowest life expectancymf group in NZ (Statistics

New Zealand, 2008), as well as a lower onset agdiébetes (Joshy & Simmons, 2006).

10.1 Summary of findings

The results of the studies here-in have confirned the aerobic capacity of lean body mass
(VO.max LBM) and percentage body fat (%BF) both helpptedict insulin sensitivity
(HOMA-IR) in a healthy group of young, #ri males. Furthermore, as body composition
and fitness change with time, Yi@ax LBM and %BF still predict insulin sensitivity this
self-identified ethnic group. This relationship maary between ethnicities however, though

the reason for this remains unclear.

As a consequence of the relationship between %BFr@sulin sensitivity, and thus risk of

diabetes, it is important that appropriate methzeisome available to measure body fatness in
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Maori as, to date, there are no scientifically deteed Maori-specific BMI cut-off values.
Accordingly, | have shown that BIA is a valid anttaptable means of assessing body fatness
in young Maori men, when compared to a two compartment, asteddl method of measuring

body composition (hydrodensitometry).

The scientific literature indicates that musclerdiltype is also independently related to
obesity and insulin resistance. As part of my sidl have attempted to develop a non-
invasive method of apportioning fibre type disttibn by measuring the functional

characteristics of muscle. Whilst this method pbweliable and acceptable to the
participants, its validity in representing twitclnacacteristics representative of fibre type
proportion, is questionable. Furthermore, andyilke a consequence of its invalidity, twitch
characteristics obtained with this method were abte to predict markers of insulin

sensitivity.

10.2 Applicability

Measuring aerobic fitness, in combination with bodgmposition, is a valid way of
identifying risk of insulin resistance, as reprasedrby elevated fasting insulin, inalgki men
who maintain normoglycaemia. It is important tdenthe importance of measuring both, as
both body fatness and aerobic fithess of the leaty mass are independent predictors, but
the latter requires knowledge of lean body mass.a Iclinical and public health setting,
however, both may be difficult to obtain becausehef facilities and equipment required to
accurately make these measures. However, thergalideand reliable means of predicting
both of these. Indeed, in this thesis, | have desdrthe validity of BIA to predict body
fatness in young Bbri men. Maximal aerobic fitness, on the otherdyas more difficult to

measure. There are some tests available, such‘lasep’ test which can infer maximal
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aerobic capacity from performance, though skill npdgy some role (Léger & Lambert,
1982). Sub maximal testing may be more usefuhendlinical, or public health setting, as

such tests have shown to be valid in large popuriatudies (Noonan & Dean, 2000).

In connection with the findings of others, aerobapacity (of lean body mass) may not be
associated with insulin sensitivity in nonabti however. Since aerobic capacity contributed
significantly to the variance in insulin sensitywin the Maori but not the non-Nbori cohort,
ethnicity may determine the extent to which aerdltitess effects insulin sensitivity. This
knowledge may help explain whyadri have reduced insulin sensitivity when compateed
Europeans of the same BMI. It also highlights tlessibility of a genetic influence on the
development of insulin resistance. In context & theories of genetic adaptation discussed
earlier (on page 64), &bri and other ethnic groups which had to expendtikadly more
energy to obtain food, would have benefited fromplaysiological mechanism which
controlled glucose uptake relative to energy resuents. Europeans on the other hand, may
have adapted mechanisms which control glucose eptagspective of aerobic fitness, in

response to increased food availability that didrequire great energy expenditure.

Fibre-type proportion has also been identified a®ssible factor in ethnic health disparities,
probably because of the varying oxidative propsrtietween different muscle fibres, and the
necessity of adequate oxidative capacity of mustlenaintaining sensitivity to insulin-

mediated glucose uptake. Thus, although | can spBculate, it is possible that a larger
proportion of fast or slow-twitch muscle may infhee the relationship between aerobic
fitness and insulin sensitivity. Findings from mtudy of twitch characteristics, and their

relationship with obesity and insulin sensitivitieaunable to resolve this issue because of

methodological issues. Specifically, the electrstamulation method (which measured the
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time to peak force) showed that the speed of thetrtally evoked twitch (measured by a
force transducer) is probably not a function ofrdiiype, but of the absolute size of the
participant, and thus probably the cross-secticarala of the thigh muscle which was
stimulated. Nevertheless, these results do not eutethe future possibility of employing

contractile characteristics to predict health rizkjn obtaining a representation of fibre type

proportion if an appropriate tool can be develoged validated.

Another aim of the research described within thesit was to observe any changes, over a
time period of two years, in health-related markers small group of young Maori men.
Interestingly, the reduction in aerobic capacitgrs&ithin this group was not accompanied
by a reduction in insulin sensitivity. However, theationship between aerobic fithess per
unit lean body mass and insulin sensitivity remdinerhese results are likely due to the
increased lean mass seen within this group afteryars. It may be that since the initial
tests, participants grew a little or undertook sdaren of resistance training and hypertrophy
resulted. However, it is also likely that the reie in aerobic capacity observed in Study 1
may reflect a small but consistent difference inkimal ventilation measurement, because
two slightly different methods were used at thdfedédnt time points (Macfarlane, 2001).
Douglas bags were used during the initial (Sydrstyly, but in the second (Wellington)
study, a turbine was used to measure ventilattuse of which, has been shown by some to

result in error when measuring ventilation (YehahAts, Gardner, & Yanowitz, 1987).

10.3 Implications

The implication of my findings can be applied tdopa health studies, health interventions,
and future physiological studies involvingabti. Firstly, public health studies often rely upon

BMI, an indirect measure of fatness, to indicatk rof obesity-related illnesses such as
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diabetes and CVD. The results of my study implyt BBBA, which actually measures body
fatness, though indirectly by way of ‘total body tea, can be utilized within a Bbri
population. On the other hand, BIA can significgntinder/overestimate %BF in some
people, so employing BIA for individual clinicalssessment should be approached with some

caution.

Perhaps the most important contribution from tlodybof research is that improved physical
fitness and a healthy body composition are assxtiatith better metabolic health and a
reduced risk of diabetes among youngad¥ men. The now proven association between
aerobic fitness, in relation to lean body mass, fasting insulin concentration in adri,
advocates the development of simple sub-maximaiceseetests to provide health promoters
and physicians with an additional way to prediculm sensitivity within Mori. However a
VO,max test, as performed in these studies, may nappeopriate for the obese or elderly,
so development of an appropriate alternative egerast, which correlates well with aerobic
capacity, may be more suitable. The associationvdest aerobic capacity and insulin
sensitivity also highlights the importance of iresang physical fitness amongabti who are
most at risk of metabolic disorders. Thus, foidvl at least, monitoring ones fitness may be

more important than just monitoring their weight.

On the other hand, increasing lean body mass, ghroesistance training, allows maintenance
of insulin sensitivity independent of aerobic fisse Thus, resistance training may offer an
alternative means of exercise foadi, to maintain and improve glucose tolerancet, Yes
means of physical activity has not been researctogdpromoted in Mori to date, even

though, anecdotally, it is well accepted in youngpki men.
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The implications of fibre-type proportion upon healalso warrants further research in this
area which has been limited to relatively smalldsta because of the invasive muscle
biopsies required. Although the method | used t@suee contractile properties was not a
valid way to predict insulin sensitivity, furtheexklopment of techniqgues may provide a
method that does. The effectiveness of exercismgmoving metabolic control is dependent
upon the recruitment of fibres, so being able tentdy fibre-type proportion within

individuals, will allow exercise prescription whichaximizes the effects of exercise specific

to each individual.

Importantly, the participation of Bbri within this research was an innovation in itsklaori
health researchers have discussed the interfaceedet ‘Western’ and ‘kaupapa adri’
research methods, and have described ways to aclhies. Yet, physiological research
involving Maori participants remains limited. The fact alorigttthis research was conducted
by a Maori exercise physiologist, is also a positive steyward desires of ®bri to have
leadership in issues relating taabfi; tying in with Maori health strategies and the principle
of rangatiratanga. Additionally, 1 have sought tonduct my research at this interface
according to principles discussed earlier (see tena®). As with any innovation however,
there is no literature to compare this approachotomeasure the effectiveness of the
methodology against. Nevertheless, the approacHogex in this body of research may
provide a methodological basis to be used and/dt bpon for further scientific studies
involving Maori. Thus, follow up with participants would be ledicial in assessing this

approach and understanding the participants experiand view of this research.
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10.4 Future Directions

Physical activity, obesity and diabetes have aicyelationship (Hohepa, Schofield, & Kolt,
2004). In other words, obesity is partly causedphysical inactivity but can also lead to
further inactivity, as obese individuals may firtddifficult to perform the physical tasks
required to improve their body composition. Becaosthis, policy and interventions should
focus on increasing awareness of physical actleigls among those who are still physically
capable of making lifestyle changes. This fallsidasthe realm of prevention rather than
treatment. Accordingly, SPARC have stated thatrefftm increase physical activity should be
focused on young people as well as two other groMa®ri and Pacific people (SPARC.,

2004).

If Maori are the focus of policy efforts however, iingportant that Mori are included in the
development and implementation of policy. AccordingHe Korowai Oranga (The adri
Health Strategy) this should be done atimdu (family), community and Iwi (tribal) levels for
maximum Naori participation (Ministry of Health, 2002). Digtt Health Boards (DHBs) and
Public Health Organisations (PHOSs) are also inwblvethe promotion of health care among
Maori and the general population and should thergtag a part in policy making. In a study
of diabetes among Canada’s Aboriginal people, Yoeingl. make the observation that non-
Aboriginal professionals, in this case nomdvi, involved in health care and policy making,
need to understand howabti interpret the experience of illness and respttreatments
prescribed, and to respect the logic of what maydbeome a foreign system of thought
(Young, Reading, Elias, & O'Neil, 2000). Training ¢ultural sensitivity and &bri systems
of health is essential to develop policies thatl wihieve the outcomes of reducing the
obvious health inequalities amongabfi. Strategies such as He Korowai Oranga and

Whakatitaka were developed as part of a framework forpthiglic health sector to follow in
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its support of Mori communities and wamau, the main goal of these strategies being the
achievement of ‘winau ora’; the realisation of maximum health andldvelng among

Maori families and communities.

Future policy should also involve the reduction evfvironments that promote sedentary,
energy saving lifestyles and the excessive consompif high energy food. Obesity during

childhood also adds to the risk of obesity contaiguor worsening in adulthood (Guo, Roche,
Chumlea, Gardner, & Siervogel, 1994), suggestiag policy should be targeted toward the
prevention of obesity in children and adolescelmdeed, healthy eating plans are currently
being piloted in some NZ schools, as the MoH im@atmthe Healthy Eating — Healthy

Action plan (HEHA) (Ministry of Health, 2003). Hower, because children with obese
parents are more likely to become obese adultssblas (Whitaker, Wright, Pepe, Seidel, &
Dietz, 1997), interventions may be more effectivieew parents and family are involved.
Because of the part whau (family) plays in the achievement of hauorés #pproach may

also be more culturally appropriate foadi.

Along with policy changes, there are areas of mefeshat need to be addressed. Firstly,
because screening and assessment of health isdgfpamdent upon measures such as BMI
and waist circumference, adri specific norms for these measurements shoulestablished.
Secondly, due to the importance of exercise in ¢edu obesity and risk of diabetes,
identifying the most effective forms of exercise faori should be a priority. Although this
should include investigation of the most effectiterms of exercise in improving
physiological markers associated with diabetesiay be even more important to understand

cultural, social and individual preferences to exs&. Without identifying preferred modes of
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exercise, participation of ‘high-risk’ groups inesgise and physical activity will not likely

improve.

174



References

References

Abate, N., Garg, A., Peshock, R. M., Stray-Gundegrde & Grundy, S. M. (1995).
Relationships of generalized and regional adipdsiiypsulin sensitivity in men.
Journal of Clinical Investigation, 4&), 88.

Adams, G. R., Hather, B. M., Baldwin, K. M., & Dagi, G. A. (1993). Skeletal muscle
myosin heavy chain composition and resistanceitrgidournal of Applied
Physiology, 7€), 911-915.

Ahlborg, G., Felig, P., Hagenfeldt, L., Hendler, R Wahren, J. (1974). Substrate turnover
during prolonged exercise in man: splanchnic agdretabolism of glucose, free
fatty acids, and amino acid¥urnal of Clinical Investigation, §3), 1080.

Alberti, K. G. M. M., Zimmet, P. Z., & World Healt®rganisation. (1998). Definition,
diagnosis and classification of diabetes mellitogd #is complications. Part 1:
diagnosis and classification of diabetes melliRrvisional report of a WHO
ConsultationDiabetic Medicine, 1&), 539-553.

Ama, P. F., Simoneau, J. A., Boulay, M. R., Seege€s, Theriault, G., & Bouchard, C.
(1986). Skeletal muscle characteristics in sedgrtick and Caucasian males.
Journal of Applied Physiology, @), 1758-1761.

Andersen, H. (2001). The history of reductionismsue holistic approaches to scientific
researchEndeavour, 2&1), 153-156.

Andersen, P., & Henriksson, J. (1977). Traininguicet changes in the subgroups of human
type 1l skeletal muscle fibreécta Physiologica Scandinavica,,923-125.

Astrand, P. O., Rodahl, K., Dahl, H. A., & Stromn$e,B. (2003)Textbook of Work
Physiology: Physiological Bases of Exerdjdéh edition ed.). Champaign, lllinois:
Human Kinetics.

Astrup, A. (2001). Healthy lifestyles in Europeepention of obesity and type |l diabetes by
diet and physical activityPublic Health Nutrition, b), 499-515.

Atkinson, M. A., & Maclaren, N. K. (1994). The patijenesis of insulin-dependent diabetes
mellitus. The New England Journal of Medicine, 831), 1428-1436.

Balkau, B., Deanfield, J. E., Despres, J. P., Bagsa P., Fox, K. A. A., Smith Jr, S. C., et al.
(2007). International day for the evaluation of afmihal obesity (IDEA): a study of
waist circumference, cardiovascular disease, aaloeties mellitus in 168 000 primary
care patients in 63 countriéSirculation, 11§17), 1942.

175



References

Barany, M. (1967). ATPase activity of myosin coated with speed of muscle shortening.
The Journal of General Physiology,(6), 197-218.

Baron, A. D., Brechtel, G., Wallace, P., & Edelm8n). (1988). Rates and tissue sites of
non-insulin and insulin-mediated glucose uptakkumansAmerican Journal of
Physiology Endocrinology and Metabolism, &55 E769.

Bassett Jr, D. R., & Howley, E. T. (2000). Limitifectors for maximum oxygen uptake and
determinants of endurance performandedicine & Science in Sports & Exercise,
32(1), 70.

Bauman, A. (1997Potential Health Benefits of Physical Activity iew Zealand
Wellington: Hillary Commission.

Bauman, A., McLean, G., Hurdle, D., Walker, S., Boy¥., van Aalst, I., et al. (2003).
Evaluation of the national 'Push Play' campaigNeémw Zealand-creating population
awareness of physical activifjhe New Zealand Medical Journal, 11679), U535.

Bell, D., McAuley, K. A., Mann, J., Murphy, E., & Wams, S. (2004). The
hypertriglyceridaemic waist in New Zealandiddi. Asia Pacific Journal of Clinical
Nutrition, 131), 74-77.

Bergman, R. N., Kim, S. P., Catalano, K. J., HsR.] Chiu, J. D., Kabir, M., et al. (2006).
Why visceral fat is bad: mechanisms of the metatsyndromeObesity, 1416S-
19S.

Bergman, R. N., & Mittelman, S. D. (1998). Cent@k of the adipocyte in insulin
resistanceJournal of Basic and Clinical Physiology and Phaoolgy, 92-4), 205.

Bergstrom, J. (1975). Percutaneous needle biopskedétal muscle in physiological and
clinical researchScandinavian Journal of Clinical & Laboratory Intggtion, 3%7),
609-616.

Bergstrom, J., & Hultman, E. (1966). Muscle glycoggnthesis after exercise: an enhancing
factor localized to the muscle cells in marature, 210309-310.

Billeter, R., Heizmann, C. W., Howald, H., & Jeni,(1981). Analysis of myosin light and
heavy chain types in single human skeletal musict¥$.European Journal of
Biochemistry, 11@), 389-395.

Bishop, R. (1998). Freeing ourselves from neo-dalatomination in research: a Maori
approach to creating knowleddeternational Journal of Qualitative Studies in
Education, 112), 199-2109.

Bjorntorp, P. (1991). Metabolic implications of hyoft distribution.Diabetes care, 14.2),
1132.

176



References

Blaak, E. E. (2007). Fatty acid metabolism in otyeand type 2 diabetes mellitus.
Proceedings of the Nutrition Society,(62), 753-760.

Blaak, E. E., Wagenmakers, A. J. M., Glatz, J. FV@olffenbuttel, B. H. R., Kemerink, G.
J., Langenberg, C. J. M., et al. (2000). Plasma Ef&ation and fatty acid-binding
protein content are diminished in type 2 diabeticsate.American Journal of
Physiology- Endocrinology And Metabolism, 2119 146-154.

Blair, D., Habicht, J., Sims, E., Sylwester, D.A&kraham, S. (1984). Evidence for an
increased risk for hypertension with centrally kechbody fat and the effect of race
and sex on this riskche American Journal of Epidemiology, 140 526-540.

Blimkie, C., Sale, D., & Bar-Or, O. (1990). Volunyastrength, evoked twitch contractile
properties and motor unit activation of knee exbensn obese and non-obese
adolescent male&uropean Journal of Applied Physiology,, G13-318.

Blomstrand, E., & Ekblom, B. (1982). The needlepsiptechnique for fibre type
determination in human skeletal muscle-a methododbgtudy.Acta Physiologica
Scandinavica, 11@), 437-442.

Boden, G. (1997). Role of fatty acids in the pathrasis of insulin resistance and NIDDM.
Diabetes, 46lL), 3-10.

Boden, G., Chen, X., DeSantis, R. A., & Kendrick(¥993). Effects of age and body fat on
insulin resistance in healthy mddiabetes Care, 16), 728.

Boden, G., Chen, X., Rosner, J., & Barton, M. ()9®5fects of a 48-h fat infusion on insulin
secretion and glucose utilizatidDiabetes, 4410), 1239-1242.

Boden, G., Chen, X., Ruiz, J., White, J. V., & RatisL. (1994). Mechanisms of fatty acid-
induced inhibition of glucose uptak#ournal of Clinical Investigation, 48), 2438.

Boden, G., & Shulman, G. I. (2002). Free fatty aaidobesity and type2 diabetes: defining
their role in the development of insulin resistaand beta-cell dysfunctioEuropean
Journal of Clinical Investigation, 383), 14-23.

Bogardus, C., Lillioja, S., Mott, D. M., Hollenbeck., & Reaven, G. (1985). Relationship
between degree of obesity and in vivo insulin actroman.American Journal of
Physiology Endocrinology and Metabolism, 23)3 E286-291.

Booth, F. W., Gordon, S. E., Carlson, C. J., & Hammi M. T. (2000). Waging war on
modern chronic diseases: primary prevention thragicise biologyJournal of
Applied Physiology, 82), 774-787.

177



References

Bottinelli, R., Betto, R., Schiaffino, S., & ReggiaC. (1994). Unloaded shortening velocity
and myosin heavy chain and alkali light chain ismf@omposition in rat skeletal
muscle fibresJournal of Physiology, 478), 341-350.

Bramley, D., Hebert, P., Tuzzio, L., & Chassin, (005). Disparities in indigenous health: a
cross-country comparison between New Zealand amtttited StatesAmerican
Journal of Public Health, 9B), 844-850.

Breda, E., Cavaghan, M. K., Toffolo, G., PolonsKyS., & Cobelli, C. (2001). Oral glucose
tolerance test minimal model indexes of -cell fimetand insulin sensitivity.
Diabetes, 5Q1), 150.

Brooke, M., & Kaiser, K. (1970). Three “myosin adsme triphosphatase” systems: The
nature of their pH lability and sulphydryl dependerdournal of Histochemistry and
Cytochemistry, 8670-672.

Brooks, G. A., & Mercier, J. (1994). Balance oftwainydrate and lipid utilization during
exercise: the "crossover" concepaurnal of Applied Physiology, @), 2253-2261.

Brozek, J., Grande, F., Anderson, J. T., & Keys(1®863). Densitometric analysis of body
composition revision of some quantitative assunmstioAnnals of the New York
Academy of Sciences, 110 113-140.

Bruce, C. R., Anderson, M. J., Carey, A. L., NewmanG., Bonen, A., Kriketos, A. D., et
al. (2003). Muscle oxidative capacity Is a bettedictor of insulin sensitivity than
lipid status.Journal of Clinical Endocrinology and Metabolisng(81), 5444-5451.

Bruce, R. A. (1971). Exercise testing of patienithworonary heart disease. Principles and
normal standards for evaluatiodnnals of clinical research,(8), 323.

Bryant, N. J., Govers, R., & James, D. E. (2002gWated transport of the glucose
transporter GLUT4Nature Reviews Molecular Cell Biology43, 267-277.

Buller, A., Eccles, J., & Eccles, R. (1960). Intdrans between motor neurons and muscles in
respect of the characteristic speeds of their resggTl he Journal of Physiology,
150(41), 7-439.

Burke, R. E., Levine, D. N., Zajac lii, F. E., Tegj P., & Engel, W. K. (1971). Mammalian
motor units: physiological-histochemical correlatio three types in cat
gastrocnemiusScience, 1741010), 709.

Burnham, R., Matrtin, T., Stein, R., Bell, G., Mael® |., & Steadward, R. (1997). Skeletal
muscle fibre type transformation following spinakd injury. Spinal cord: the official

journal of the International Medical Society of Rategia, 3%2), 86.

178



References

Burstein, R., Epstein, Y., Shapiro, Y., Charuzi& Karnieli, E. (1990). Effect of an acute
bout of exercise on glucose disposal in human gbesiurnal of Applied Physiology,
69(1), 299-304.

Buskirk, E. R. (1959). Underwater weighing and bdéwsity: a review of procedures. In J.
Brozek & A. Henschel (Eds.J,echniques for Measuring Body Compositipp. 90).
Washington DC: National Academy of Sciences-Natiétesearch Council.

Buskirk, E. R., & Hodgson, J. L. (198 Age and aerobic power: the rate of change in men
and womenPaper presented at the Federation Proceedings.

Caldwell, S. H., Ikura, Y., lezzoni, J. C., & Lid, (2007). Has natural selection in human
populations produced two types of metabolic syndrdwith and without fatty liver)?
Journal of gastroenterology and hepatology(s22International Symposium on
Energy Metabolism and Oxidative Stress in LiveBahysiology), 11-19.

Calle, E. E., Thun, M. J., Petrelli, J. M., RodeguC., & Heath, C. W. (1999). Body-mass
index and mortality in a prospective cohort of UWbilts. The New England journal of
medicine, 34@5), 1097.

Campbell, P. J., Carlson, M. G., Hill, J. O., & lan, N. (2006). Regulation of free fatty
acid metabolism by insulin in humans: role of Iy®$ and reesterificatio®merican
Journal of Physiology- Endocrinology And Metaboligt636), E1063.

Cardinal, B. J., Esters, J., & Cardinal, M. K. (62%valuation of the Revised Physical
Activity Readiness Questionnaire in older aduliedicine & Science in Sports &
Exercise, 2@84), 468.

Caton, J. R., MolE, P. A., Adams, W. C., & Heusbs S. (1988). Body composition analysis
by bioelectrical impedance: effect of skin tempearatMedicine & Science in Sports
& Exercise, 2(6), 489.

Caumo, A., Bergman, R. N., & Cobelli, C. (2000)sutin sensitivity from meal tolerance
tests in normal subjects: a minimal model indiurnal of Clinical Endocrinology &
Metabolism, 8611), 4396.

Cauza, E., Hanusch-Enserer, U., Strasser, B., ku@vj Metz-Schimmerl, S., Pacini, G., et
al. (2005). The relative benefits of endurance stnehgth training on the metabolic
factors and muscle function of people with typeadbdtes mellitusArchives of
Physical Medicine and Rehabilitation, @, 1527-1533.

Chadwick, P., & Palmer, F. (2006)ama tu, tama ora. tama noho, tama mate—central. A
report on the health and physical activity statigs gample of Ngati Raukawa,

Muaupoko and Rangitaane iwi

179



References

Clarys, J. P., Matrtin, A. D., & Drinkwater, D. TL484). Gross tissue weights in the human
body by cadaver dissectiaduman biology; an international record of research,
56(3), 459.

Coggan, A. R., & Coyle, E. F. (1987). Reversalaifgue during prolonged exercise by
carbohydrate infusion or ingestialournal of Applied Physiology, 63, 2388.

Cohn, S. (1987). New concepts of body compositiovivo Body Composition Studies The
Institute of Physical Sciences in medicine: Londoa4.

Conley, K. E., Jubrias, S. A., & Esselman, P. ©0(®. Oxidative capacity and ageing in
human muscleThe Journal of Physiology, 5¢8, 203-210.

Coon, P. J., Bleecker, E. R., Drinkwater, D. T. e, D. A., & Goldberg, A. P. (1989).
Effects of body composition and exercise capaaitgloicose tolerance, insulin, and
lipoprotein lipids in healthy older men: a crosstgmal and longitudinal intervention
study.Metabolism, 38L2), 1201-1209.

Cornish, B. H., Thomas, B. J., & Ward, L. C. (199Bifect of temperature and sweating on
bioimpedance measurememgplied Radiation and Isotopes, (89%6), 475-476.

Cortez, M. Y., Torgan, C. E., Brozinick, J. T.,, &.lvy, J. L. (1991). Insulin resistance of
obese Zucker rats exercise trained at two differgensities.The American Journal
of Physiology Endocrinology and Metabolism, Z91E613-619.

Costill, D. L., Daniels, J., Evans, W., Fink, Wrakenbuhl, G., & Saltin, B. (1976). Skeletal
muscle enzymes and fiber composition in male anthfe track athletedournal of
Applied Physiology, 4@), 149.

Cowie, C. C., Rust, K. F., Byrd-Holt, D. D., Ebertia M. S., Flegal, K. M., Engelgau, M.
M., et al. (2006). Prevalence of diabetes and ineplaiasting glucose in adults in the
US populationDiabetes Care, 2%), 1263.

Coyle, E. F., Hagberg, J. M., Hurley, B. F., Martid. H., Ehsani, A. A., & Holloszy, J. O.
(1983). Carbohydrate feeding during prolonged stoeis exercise can delay fatigue.
Journal of Applied Physiology, &b, 230.

Crabtree, B., & Garlick, P. J. (1993). Fuels oftiss. In J. S. Garrow, A. Ralph & W. P. T.
James (Eds.JJuman Nutrition and Dietetic®th ed.). New York: Churchill
Livingston.

Cram, F., Smith, L., & Johnstone, W. (2003). Majytine themes of Maori talk about health.
Journal of the New Zealand Medical Association,(1180).

Crespin, S. R., Greenough lii, W. B., & Steinbddg(1969). Stimulation of insulin secretion

by infusion of free fatty acidgournal of Clinical Investigation, 4&0), 1934.

180



References

Dannenbaum, D., Kuzmina, E., Lejeune, P., Torrie& Gangbe, M. (2008). Prevalence of
diabetes and diabetes-related complications in Rasions communities in Northern
Quebec (Eeyou Istchee), Cana@an J Diabetes, 32), 46-52.

Daugaard, J. R., Nielsen, J. N., Kristiansen, 8deksen, J. L., Hargreaves, M., & Richter, E.
A. (2000). Fiber type-specific expression of GLUMAuman skeletal muscle:
influence of exercise trainin@iabetes, 40r), 1092-1095.

Daugaard, J. R., & Richter, E. A. (2001). Relatlupsetween muscle fibre composition,
glucose transporter protein 4 and exercise trairpngsible consequences in non-
insulin-dependent diabetes mellitégta Physiologica Scandinavica, X3}, 267-

276.

DeFronzo, R. A. (1979). Glucose clamp techniquaethod for quantifying insulin secretion
and resistancéAmerican Journal of Physiology Endocrinology anddtelism,
237(3), 214-223.

DeFronzo, R. A., Sherwin, R. S., & Kraemer, N. (Zp&Effect of physical training on insulin
action in obesityDiabetes, 36L2), 1379-1385.

Delitto, A., & Snyder-Mackler, L. (1990). Two thees of muscle strength augmentation
using percutaneous electrical stimulatiBhysical Therapy, 13), 158-164.

Dengel, D. R., Pratley, R. E., Hagberg, J. M., Rodti M., & Goldberg, A. P. (1996).
Distinct effects of aerobic exercise training arelght loss on glucose homeostasis in
obese sedentary melournal of Applied Physiology, 81), 318-325.

Deurenberg, P., Deurenberg-Yap, M., & Schouted, K. (2002). Validity of total and
segmental impedance measurements for predictiboayf composition across ethnic
population groupsEuropean Journal of Clinical Nutrition, 5@14-220.

Deurenberg, P., Weststrate, A., J., & Seidell,.J1691). Body mass index as a measure of
body fatness: Age- and sex- specific predictiomiaias.British Journal of Nutrition,
65, 105-114.

Deurenberg, P., Weststrate, J. A., Paymans, |.a& BDer Kooy, K. (1988). Factors affecting
bioelectrical impedance measurements in humamsopean Journal of Clinical
Nutrition, 4212), 1017.

Deurenberg, P., Yap, M., & van Staveren, W. (1988dy mass index and percent body fat:
a meta analysis among different ethnic groupternational Journal of Obesity,
22(12), 1164-1171

Diamond, J. (2003). The double puzzle of diabdtegure, 423599-602.

181



References

Dietz, W. H., & Bellizzi, M. C. (1999). Introductio the use of body mass index to assess
obesity in childrenThe American Journal of Clinical Nutrition, {1), 123S-125.

Doggrell, S. A. (2006). Muraglitazar: beneficialdatrimental in the treatment of type 2
diabetesExpert Opinion on Pharmacotherapy9y, 1229-1233.

Dresner, A., Laurent, D., Marcucci, M., Griffin, M., Dufour, S., Cline, G. W., et al. (1999).
Effects of free fatty acids on glucose transpod BS-1 - associated
phosphatidylinositol 3-kinase activityhe Journal of Clinical Investigation, 1(23,
253-259.

Duncan, G. E., Perri, M. G., Theriaque, D. W., léatsA. D., Eckel, R. H., & Stacpoole, P.
W. (2003). Exercise Training, Without Weight Lobs;reases Insulin Sensitivity and
Postheparin Plasma Lipase Activity in Previouslg&#ary AdultsDiabetes Care,
26(3), 557-562.

Durie, M. (1994) Whaiora: Maori Health DevelopmenAuckland: Oxford University Press.

Durie, M. (2004). Understanding health and illnessearch at the interface between science
and indigenous knowledgkternational Journal of Epidemiology, @&, 1138-1143.

Durie, M. H. (1985). A Maori perspective of healBucial Science and Medicine, (2] 483-
486.

Durie, M. H., & Kingi, T. K. R. (1998). A frameworfor measuring Maori mental health
outcomesDepartment of Maori Studies, Te Pumanawa Hauorasdég University,
Palmerston North

Eaton, S. B., & Konner, M. (1985). Paleolithic nitibn. A consideration of its nature and
current implicationsNew England Journal of Medicine, 352, 283-289.

Edstrom, L., & Kugelberg, E. (1968). Histochemicamposition, distribution of fibres and
fatiguability of single motor units. Anterior tidienuscle of the ratlournal of
Neurology, Neurosurgery, and Psychiatry(31 424.

Ellis, B. A., Poynten, A., Lowy, A. J., Furler, Bl., Chisholm, D. J., Kraegen, E. W., et al.
(2000). Long-chain acyl-CoA esters as indicatorbpadl metabolism and insulin
sensitivity in rat and human muscléhe American Journal of Physiology
Endocrinology and Metabolism, 2(@), E554-560.

Enoka, R. M., & Stuart, D. G. (1984). Hennemaree girinciple’: current issuegrends in
Neurosciences,(7), 226-228.

Eriksson, J., Taimela, S., & Koivisto, V. A. (199Exercise and the metabolic syndrome.
Diabetologia, 4(2), 125-135.

182



References

Eriksson, K. F., & Lindgarde, F. (1991). Preventairtype 2 (non-insulin-dependent)
diabetes mellitus by diet and physical exercise @dyear Malmo feasibility study.
Diabetologia, 3412), 891-898.

Esmaillzadeh, A., Kimiagar, M., Mehrabi, Y., Azaétbg L., Hu, F. B., & Willett, W. C.
(2007). Dietary patterns, insulin resistance, amya@ence of the metabolic syndrome
in women.American Journal of Clinical Nutrition, &8), 910-918.

Essén, B., Jansson, E., Henriksson, J., Taylow A& Saltin, B. (1975). Metabolic
characteristics of fibre types in human skeletasaeiActa Physiologica
Scandinavica, 92), 153-165.

Estabrooks, P. A., Lee, R. E., & Gyurcsik, N. Q@3). Resources for physical activity
participation: does availability and accessibititffer by neighborhood
socioeconomic statugnals of Behavioral Medicine, &, 100-104.

Evas, N. D., & Plotnikoff, R. C. (2006). Resistartining and type 2 diabetd3iabetes
Care, 29 1933-1941.

Fabbrini, E., Magkos, F., Mohammed, B. S., PietlkaAbumrad, N. A., Patterson, B. W., et
al. (2009). Intrahepatic fat, not visceral fatlim&ked with metabolic complications of
obesity.Proceedings of the National Academy of ScienceéX36), 15430-15435.

Febbraio, M. A., Snow, R. J., Stathis, C. G., Heages, M., & Carey, M. F. (1994). Effect of
heat stress on muscle energy metabolism duringisee¥ournal of Applied
Physiology, 7{), 2827.

Fell, R. D., Terblanche, S. E., Ivy, J. L., YoudgC., & Holloszy, J. O. (1982). Effect of
muscle glycogen content on glucose uptake follovexgrciseJournal of Applied
Physiology, 5@2), 434-437.

Ferrannini, E., Barrett, E. J., Bevilacqua, S., &onzo, R. A. (1983). Effect of fatty acids
on glucose production and utilization in mdaurnal of Clinical Investigation, {3),
1737.

Ferrannini, E., & Mari, A. (1998). How to measunsulin sensitivityJournal of
Hypertension, 1@’), 895.

Fink, R. I., Kolterman, O. G., Griffin, J., & Oldéfg, J. M. (1983). Mechanisms of insulin
resistance in agingournal of Clinical Investigation, (&), 1523.

Flatt, J. P. (1995). Use and storage of carbohgdmatl fatAmerican Journal of Clinical
Nutrition, 61(4), 952S.

Forman, J. N., Miller, W. C., Szymanski, L. M., &ifhall, B. (1998). Differences in resting

metabolic rates of inactive obese African-Ameriead Caucasian women.

183



References

International journal of obesity and related metabdalisorders: journal of the
International Association for the Study of Obe§lilpA)

Fox, K. R. (2007). The influence of physical adinon mental well-being?ublic Health
Nutrition, 2(3a), 411-418.

Fridlyand, L. E., & Philipson, L. H. (2006). Coldirnate genes and the prevalence of type 2
diabetes mellitusMedical Hypotheses, ), 1034-1041.

Gale, E. A. M. (2001). The discovery of type 1 ditds Diabetes, 5Q), 217-226.

Gallagher, D., Heymsfield, S. B., Heo, M., JebbAS Murgatroyd, P. R., & Sakamoto, Y.
(2000). Healthy percentage body fat ranges: anoagprfor developing guidelines
based on body mass indéxmerican Journal of Clinical Nutrition, 13), 694-701.

Gallagher, D., Visser, M., Sepulveda, D., Pierdon\., Harris, T., & Heymsfield, S. B.
(1996). How useful is body mass index for comparigsbbody fatness across age,
sex, and ethnic group§he American Journal of Epidemiology, {33 228-239.

Gallagher, M. R., Walker, K. Z., & O'Dea, K. (1998he influence of a breakfast meal on
the assessment of body composition using bioetettirnpedancezuropean journal
of clinical nutrition, 52), 94-97.

Gardner, L. I, Stern, M. P., Haffner, S. M., G#is&8. P., Hazuda, H. P., Relethford, J. H., et
al. (1984). Prevalence of diabetes in Mexican Aosars. Relationship to percent of
gene pool derived from native American sourésabetes, 3@L), 86-92.

Garvey, W. T., Maianu, L., Zhu, J. H., Brechtel-Ko&., Wallace, P., & Baron, A. D.
(1998). Evidence for defects in the trafficking drehslocation of GLUT4 glucose
transporters in skeletal muscle as a cause of humsatin resistancelournal of
Clinical Investigation, 10@1), 2377.

Gittelsohn, J., Wolever, T. M. S., Harris, S. BarHs-Giraldo, R., Hanley, A. J. G., &
Zinman, B. (1998). Specific patterns of food conption and preparation are
associated with diabetes and obesity in a native@ian communityThe Journal of
Nutrition, 12§3), 541-547.

Gohdes, D. Diabetes in North American Indians atatka NativesAtlantic, 43 87.

Golay, A., Felber, J. P., Dusmet, M., Gomez, FC&chod, B. (1985). Effect of weight loss
on glucose disposal in obese and obese diabetenpatnternational Journal of
Obesity, €3), 181.

Gollnick, P. D., Armstrong, R. B., Saltin, B., Saut) C. W. I., Sembrowich, W. L., &
Shepherd, R. E. (1973). Effect of training on eneyawtivity and fiber composition of
human skeletal muscléournal of Applied Physiology, 84), 107-111.

184



References

Gollnick, P. D., Armstrong, R. B., Saubert, C. WHiehl, K., & Saltin, B. (1972). Enzyme
activity and fiber composition in skeletal muscfeuatrained and trained men.
Journal of Applied Physiology, 83, 312-319.

Gonzalez-Alonso, J., & Calbet, J. A. L. (2003). Retibns in systemic and skeletal muscle
blood flow and oxygen delivery limit maximal aerolgiapacity in humang&merican
Heart Association, 14®), 824-830.

Goodman, A. H. (2000). Why genes don't count (&aial differences in healthAmerican
Journal of Public Health, 901), 1699.

Goodpaster, B. H., He, J., Watkins, S., & Kelley ) (2001). Skeletal muscle lipid content
and insulin resistance: evidence for a paradoxdueance-trained athletekurnal of
Clinical Endocrinology & Metabolism, §62), 5755-5761.

Goodpaster, B. H., Katsiaras, A., & Kelley, D. E0Q3). Enhanced fat oxidation through
physical activity is associated with improvememtgisulin sensitivity in obesity.
Diabetes, 509), 2191-2197.

Goodpaster, B. H., Thaete, F. L., Simoneau, J&Xelley, D. E. (1997). Subcutaneous
abdominal fat and thigh muscle composition preitistilin sensitivity independently
of visceral fatDiabetes, v4@10), p1579(1577).

Goodpaster, B. H., Theriault, R., Watkins, S. CKd@lley, D. E. (2000). Intramuscular lipid
content is increased in obesity and decreased Ightess.Metabolism, 481), 467-
472.

Goodpaster, B. H., Wolfe, R. R., & Kelley, D. EO(2). Effects of obesity on substrate
utilization during exerciséObesity Research, (), 575-584.

Goodyear, P. L. J., & Kahn, M. D. B. B. (1998). Eoise, glucose transport and insulin
sensitivity.Annual Review of Medicine, @9, 235-261.

Graham, P., Jackson, R., Beaglehole, R., & De B8£(1989). The validity of Kori
mortality statisticsThe New Zealand medical journal, 1884), 124.

Grandinetti, A., Kaholokula, J. K., Theriault, A.,®1or, J. M., Chang, H. K., & Waslien, C.
(2007). Prevalence of diabetes and glucose intoderan an ethnically diverse rural
community of HawaiiEthnicity & Disease, 1(2), 250-255.

Greco, A. V., Mingrone, G., Giancaterini, A., Manéé., Morroni, M., Cinti, S., et al. (2002).
Insulin resistance in morbid obesity: reversal viitinamyocellular fat depletion.
Diabetes, 5(1), 144-151.

185



References

Guo, S. S., Roche, A. F., Chumlea, W. C., GardhdD,, & Siervogel, R. M. (1994). The
predictive value of childhood body mass index valigg overweight at age 35 .
American Journal of Clinical Nutrition, §9), 810-819.

Hajduch, E., Balendran, A., Batty, I. H., LitherthrG. J., Blair, A. S., Downes, C. P., et al.
(2001). Ceramide impairs the insulin-dependent nranm@recruitment of protein
kinase B leading to a loss in downstream signalinigé skeletal muscle cells.
Diabetologia, 442), 173-183.

Hamman, R. F., Wing, R. R., Edelstein, S. L., La¢chii M., Bray, G. A., Delahanty, L., et al.
(2006). Effect of weight loss with lifestyle inte@mtion on risk of diabeteBiabetes
Care, 299), 2102.

Harridge, S. D. R., Bottinelli, R., Canepari, Mellégrino, M. A., Reggiani, C., Esbjornsson,
M., et al. (1996). Whole-muscle and single-fibratractile properties and myosin
heavy chain isoforms in humariligers Archiv European Journal of Physiology,
4325), 913-920.

Harris, P., & Mercier, O. (2006). Te Ara Putaianga tupuna, o0 nga mokopuna: science
education and research. In M. Mulholland (EBtpte of the Maori Natio(pp. 141-
155). Auckland: Reed Books.

Hawkins, S. A., & Wiswell, R. A. (2003). Rate an@chanism of maximal oxygen
consumption decline with aging: implications foeesise trainingSports Medicine,
33(12), 877.

Hawley, J. (2001). The fuels for exercigeistralian Journal of Nutrition and Dietetics,
58(1), 19-22.

He, J., Watkins, S., & Kelley, D. E. (2001). Skelehuscle lipid content and oxidative
enzyme activity in relation to muscle fiber typetype 2 diabetes and obesity.
Diabetes, 5(4), 817-823.

Heath, E. M., Adams, T. D., Daines, M. M., & Hu8t,C. (1998). Bioelectric impedance and
hydrostatic weighing with and without head subnwrsn persons who are morbidly
obeseJournal of the American Dietetic Association(®3 869-875.

Hegarty, B. D., Furler, S. M., Ye, J., Cooney, G&Kraegen, E. W. (2003). The role of
intramuscular lipid in insulin resistanckcta Physiologica Scandinavica, 48 373-
383.

Henriksen, E. (2002). Exercise effects of muscéailim signaling and action: invited review:
effects of acute exercise and exercise traininmsulin resistancelournal of Applied
Physiology, 9@&), 788-796.

186



References

Henriksen, E. J., Bourey, R. E., Rodnick, K. J.réyi, L., Permutt, M. A., & Holloszy, J. O.
(1990). Glucose transporter protein content andagle transport capacity in rat
skeletal musclesAmerican Journal of Physiology Endocrinology and&telism,
2594), 593-598.

Herman, W. H., Hoerger, T. J., Brandle, M., HidKs, Sorensen, S., Zhang, P., et al. (2005).
The cost-effectiveness of lifestyle modificationnoetformin in preventing type 2
diabetes in adults with impaired glucose toleraAecmals of Internal Medicine,
142(5), 323-332.

Heymsfield, S. B., Wang, J., Heshka, S., Kehaylag,, & Pierson, R. N. (1989). Dual-
photon absorptiometry: comparison of bone minemdl goft tissue mass
measurements in vivo with established methédaserican Journal of Clinical
Nutrition, 496), 1283.

Heyward, V. H., & Wagner, D. R. (2004 pplied body composition assessmened.).
Champaign, lllinois: Human Kinetics.

Hickey, M. S., Carey, J. O., Azevedo, J. L., Houthar A., Pories, W. J., Israel, R. G., et al.
(1995). Skeletal muscle fiber composition is redat@ adiposity and in vitro glucose
transport rate in humanshe American Journal of Physiology Endocrinologyg an
Metabolism, 26@), E453-457.

Hickey, M. S., Weidner, M. D., Gavigan, K. E., Zlge®., Tyndall, G. L., & Houmard, J. A.
(1995). The insulin action-fiber type relationsmghumans is muscle group specific.
The American Journal of Physiology Endocrinologg afetabolism, 26@.), E150-
154.

Himes, J. H., & Dietz, W. H. (1994). Guidelines forerweight in adolescent preventive
services: recommendations from an expert committee.Expert Committee on
Clinical Guidelines for Overweight in AdolesceneRentive ServiceAmerican
Journal of Clinical Nutrition, 5@), 307-316.

Hohepa, M., Schofield, G., & Kolt, G. (2004). Adstent obesity and physical inactivifyhe
New Zealand Medical Journal, 1{207), U1210.

Hollenbeck, C., & Reaven, G. M. (1987). Variationsnsulin-stimulated glucose uptake in
healthy individuals with normal glucose tolerandaurnal of Clinical Endocrinology
& Metabolism, 646), 1169-1173.

Holloszy, J. O. (1967). Biochemical adaptationsnscle. Effects of exercise on
mitochondrial oxygen uptake and respiratory enzgetevity in skeletal muscle.
Journal of Biological Chemistry, 242), 2278.

187



References

Holloszy, J. O., & Booth, F. W. (1976). Biochemiealaptations to endurance exercise in
muscle. Annual Review of Physiology, @8, 273-291.

Holloszy, J. O., & Coyle, E. F. (1984). Adaptatiafskeletal muscle to endurance exercise
and their metabolic consequencésurnal of Applied Physiology, &6, 831-838.

Holten, M. K., Zacho, M., Gaster, M., Juel, C., dsgewski, J. F. P., & Dela, F. (2004).
Strength training increases insulin-mediated glaags#take, GLUT4 content, and
insulin signaling in skeletal muscle in patientshatype 2 diabete®iabetes, 5@),
294-305.

Hoppeler, H., Howald, H., Conley, K., Lindstedt LS. Claassen, H., Vock, P., et al. (1985).
Endurance training in humans: aerobic capacitysandtture of skeletal muscle.
Journal of Applied Physiology, 89, 320-327.

Host, H. H., Hansen, P. A., Nolte, L. A., Chen,Ml, & Holloszy, J. O. (1998). Rapid
reversal of adaptive increases in muscle GLUT-4glndose transport capacity after
training cessationlournal of Applied Physiology, &), 798-802.

Hotu, S., Carter, B., Watson, P. D., Cutfield, W.&Cundy, T. (2004). Increasing
prevalence of type 2 diabetes in adolescelaistnal of Paediatrics and Child Health,
40(4), 201-204.

Houmard, J. A., Shinebarger, M. H., Dolan, P. leggett-Frazier, N., Bruner, R. K.,
McCammon, M. R., et al. (1993). Exercise trainingreases GLUT-4 protein
concentration in previously sedentary middle-ageth.mhe American Journal of
Physiology Endocrinology and Metabolism, @&y E896-901.

Hu, F. B., Leitzmann, M. F., Stampfer, M. J., CtddiG. A., Willett, W. C., & Rimm, E. B.
(2001). Physical activity and television watchingelation to risk for type 2 diabetes
mellitus in menArchives of Internal Medicine, 16112), 1542-1548.

Hu, F. B., Li, T. Y., Colditz, G. A., Willett, W. C& Manson, J. E. (2003). Television
watching and other sedentary behaviors in reldtaisk of obesity and type 2
diabetes mellitus in womedournal of the American Medical Association, £89,
1785-1791.

Hui Whakaoranga(1984, 19-22 March 1984). Paper presented dtl&ti®nal Maori Health
Conference, Hone Waititi Marae, Auckland.

Hunter, D. W. (1998). Race and Athletic Performamc@hysiological ReviewAfrican
Americans in sport: contemporary them8s.

HWAC. (2006).Fit for purpose and for practice: a review of thedical workforce in New
Zealand Wellington, NZ: Health Workforce Advisory Comnat.

188



References

Ibanez, J., 1zquierdo, M., Arguelles, I., Forga,llarrion, J. L., Garcia-Unciti, M., et al.
(2005). Twice-weekly progressive resistance trgrmacreases abdominal fat and
improves insulin sensitivity in older men with typaliabetesDiabetes Care, 283),
662-667.

Ingjer, F. (1979). Capillary supply and mitochomadlgontent of different skeletal muscle fiber
types in untrained and endurance-trained men. ®d¢hemical and ultrastructural
study.European Journal of Applied Physiology and Occupai Physiology, 4(3),
197-2009.

Ivy, J. L. (1997). Role of exercise training in ghevention and treatment of insulin
resistance and non-insulin-dependent diabetestogeBports Medicine, 48), 321-
336.

Ivy, J. L., Withers, R. T., Brose, G., Maxwell, B., & Costill, D. L. (1981). Isokinetic
contractile properties of the quadriceps with relato fiber type European Journal
of Applied Physiology, 43), 247-255.

Jacob, S., Machann, J., Rett, K., Brechtel, K.Ky8\l., Renn, W., et al. (1999). Association
of increased intramyocellular lipid content witlsuin resistance in lean nondiabetic
offspring of type 2 diabetic subjecBiabetes, 46), 1113-1119.

Jakicic, J. M., Wing, R. R., & Lang, W. (1998). Blectrical impedance analysis to assess
body composition in obese adult women: the efféetlonicity. International journal
of obesity, 2@3), 243-249.

Janssen, |., Katzmarzyk, P. T., & Ross, R. (2004)ist circumference and not body mass
index explains obesity-related health riskaerican Journal of Clinical Nutrition,
793), 379-384.

Johnson, N. A,, Stannard, S. R., Mehalski, K., €ieM. ., Sachinwalla, T., Thompson, C.
H., et al. (2003). Intramyocellular triacylglycetalprolonged cycling with high- and
low-carbohydrate availabilitydournal of Applied Physiology, 84), 1365-1372.

Johnson, N. A., Stannard, S. R., Rowlands, D. Bap&an, P. G., Thompson, C. H.,
O'Connor, H., et al. (2006). Effect of short-terrargation versus high-fat diet on
intramyocellular triglyceride accumulation and iliswesistance in physically fit men.
Experimental Physiology, ¢4), 693-703.

Joshy, G., & Simmons, D. (2006). Epidemiology dflbites in New Zealand: revisit to a
changing landscap@&he New Zealand Medical Journal, 11935), U1999.

Joyner, M. J., & Saltin, B. (2008). Exercise phisgy and human performance: systems
biology before systems biologyhe Journal of Physiology, 5859, 9-9.

189



References

Kahn, B. B., & Flier, J. S. (2000). Obesity anduils resistanceJournal of Clinical
Investigation, 10@1), 473-481.

Kahn, S. E., Prigeon, R. L., Schwartz, R. S., FajomW. Y., Knopp, R. H., Brunzell, J. D.,
et al. (2001). Obesity, body fat distribution, ihswsensitivity and islet beta-cell
function as explanations for metabolic diversitiie Journal of Nutrition, 132),
354S-360.

Kame'eleihiwa, L. (1992Native land and foreign desires: how shall we livlarmony?
Honolulu, Hawaii: Bishop Museum Press.

Kasa-Vubu, J. Z., Lee, C. C., Rosenthal, A., Singer& Halter, J. B. (2005). Cardiovascular
fithess and exercise as determinants of insulisteesce in postpubertal adolescent
females.Journal of Clinical Endocrinology & Metabolism, @), 849-854.

Kassirer, J. P., & Angell, M. (1998). Losing weigin ill-fated new year's resolutioNew
England Journal of Medicine, 38B), 52.

Katzmarzyk, P. T., Church, T. S., Janssen, ., Ress% Blair, S. N. (2005). Metabolic
syndrome, obesity, and mortality: impact of cardgpmiratory fitnesiabetes Care,
28(2), 391-397.

Kelley, D. E., Goodpaster, B., Wing, R. R., & Sinean, J.-A. (1999). Skeletal muscle fatty
acid metabolism in association with insulin resis& obesity, and weight loshe
American Journal of Physiology Endocrinology andibelism, 277), E1130-1141.

Kelley, D. E., He, J., Menshikova, E. V., & Ritd¥, B. (2002). Dysfunction of mitochondria
in human skeletal muscle in type 2 diabelabetes, 5(10), 2944.

Kelly, G. S. (2000). Insulin resistance: lifestgled nutritional intervention#lternative
Medicine Review: A Journal of Clinical Therapeut(?), 109.

Khaled, M. A., McCutcheon, M. J., Reddy, S., Pearnia L., Hunter, G. R., & Weinsier, R.
L. (1988). Electrical impedance in assessing hubmaty composition: the BIA
method.American Journal of Clinical Nutrition, 43), 789-792.

Kim, J. Y., Hickner, R. C., Cortright, R. L., Doh@, L., & Houmard, J. A. (2000). Lipid
oxidation is reduced in obese human skeletal muaaterican Journal of Physiology
Endocrinology and Metabolism, 2(8), E1039.

Klein, S., Fontana, L., Young, L., Coggan, A., Ki@®., Patterson, B., et al. (2004). Absence
of an effect of liposuction on insulin action amskrfactors for coronary heart disease.
New England Journal of Medicine, 328), 2549-2557.

190



References

Kohn, T. A., Essen-Gustavsson, B., & Myburgh, K(2D07). Do skeletal muscle phenotypic
characteristics of Xhosa and Caucasian endurameeers differ when matched for
training and racing distanced@urnal of Applied Physiology, 1(8, 932-940.

Komi, P. V., Viitasalo, J. H., Havu, M., ThorsteassA., Sj6din, B., & Karlsson, J. (1977).
Skeletal muscle fibres and muscle enzyme activiiesonozygous and dizygous
twins of both sexed\cta Physiologica Scandinavica, 1@}, 385.

Koopman, R., Manders, R. J. F., Jonkers, R. AHdI, G. B. J., Kuipers, H., & van Loon, L.
J. C. (2006). Intramyocellular lipid and glycogemtent are reduced following
resistance exercise in untrained healthy m&asopean Journal of Applied
Physiology, 965), 525-534.

Kosaka, K., Kuzuya, T., Yoshinaga, H., & Hagura(F296). A prospective study of health
check examinees for the development of non-insidipendent diabetes mellitus:
relationship of the incidence of diabetes withithigal insulinogenic index and degree
of obesity.Diabetic Medicine: A Journal of the British Diabet#ssociation, 1(®
Suppl 6), S120.

Kushner, R. F., Gudivaka, R., & Schoeller, D. 246). Clinical characteristics influencing
bioelectrical impedance analysis measureméutgerican Journal of Clinical
Nutrition, 643), 423-427.

Kyle, U. G., Bosaeus, I., De Lorenzo, A. D., Delrery, P., Elia, M., Gbmez, J. M., et al.
(2004). Bioelectrical impedance analysis-part Views of principles and methods.
Clinical Nutrition, 235), 1226-1243.

Kyle, U. G., Bosaeus, I., De Lorenzo, A. D., Delrery, P., Elia, M., Manuel Gomez, J., et
al. (2004). Bioelectrical impedance analysis—phlnttilization in clinical practice.
Clinical Nutrition, 236), 1430-1453.

Lake, D. A. (1992). Neuromuscular electrical stiatidn. An overview and its application in
the treatment of sports injurieéSports Medicine 1(3), 320.

Lean, M. E. J., Han, T. S., & Seidell, J. C. (1998)pairment of health and quality of life in
people with large waist circumferendée Lancet, 359106), 853-856.

Lee, I. M., Manson, J. E., Hennekens, C. H., & &alffrger Jr, R. S. (1993). Body weight
and mortality. A 27-year follow-up of middle-ageegmJournal of the American
Medical Association, 2{@3), 2823.

Lee, J. M., Okumura, M. J., Davis, M. M., Herman, M/, & Gurney, J. G. (2006).
Prevalence and determinants of insulin resistanueng US adolescents: a
population-based studiabetes Care, 241), 2427.

191



References

Lee, S., Kuk, J. L., Davidson, L. E., Hudson, RilpH#trick, K., Graham, T. E., et al. (2005).
Exercise without weight loss is an effective stggtéor obesity reduction in obese
individuals with and without type 2 diabetdsurnal of Applied Physiology, €3,
1220-1225.

Lee, S. J., Kuk, J. L., Katzmarzyk, P. T., BlairN5, Church, T. S., & Ross, R. (2005).
Cardiorespiratory Fitness Attenuates Metabolic Rislependent of Abdominal
Subcutaneous and Visceral Fat in MPrabetes Care, 28), 895.

Léger, L. A., & Lambert, J. (1982). A maximal matige 20-m shuttle run test to predict O 2
max.European Journal of Applied Physiology,(4) 1-12.

Lewis, G. F., Carpentier, A., Adeli, K., & Giacda, (2002). Disordered fat storage and
mobilization in the pathogenesis of insulin resis@and type 2 diabetdsndocrine
Reviews, 2@), 201-229.

Lexell, J., Henriksson-Larsen, K., & Sjostrom, NMI983). Distribution of different fibre types
in human skeletal muscles 2. A study of cross-sestof whole m. vastus lateralis.
Acta Physiologica Scandinavica, 1), 115-122.

Lexell, J., Taylor, C., & Sjostrom, M. (1985). Agals of sampling errors in biopsy
techniques using data from whole muscle cross@etlournal of Applied
Physiology, 5@1), 1228-1235.

Lillioja, S., Young, A., Cutler, C., vy, J., AbbioiWV., Zawadzki, J., et al. (1987a). Skeletal
muscle capillary density and fiber type are possd@terminants of in vivo insulin
resistance in madournal of Clinical Investigation, §R), 415-424.

Lillioja, S., Young, A., Cutler, C., lvy, J., AbkiotW., Zawadzki, J., et al. (1987b). Skeletal
muscle capillary density and fiber type are possd@terminants of in vivo insulin
resistance in mad. Clin Invest, 8(2), 415-424.

Lindstrom, J., Eriksson, J. G., Valle, T. T., Aumo$., Cepaitis, Z., Hakumaki, M., et al.
(2003). Prevention of diabetes mellitus in subjedth impaired glucose tolerance in
the Finnish Diabetes Prevention Study: results feorandomized clinical trial.
Journal of the American Society of Nephrology(90002), S108-113.

Lohman, T. G. (1981a). Skinfolds and body dengity #eir relation to body fatness: a
review.Hum Biol, 532), 181-225.

Lohman, T. G. (1981b). Skinfolds and body densitg their relation to body fatness: a
review.Human Biology, 5@), 181-225.

192



References

Lohman, T. G., Pollock, M. L., Slaughter, M. H.,@don, L. J., & Boileau, R. A. (1984).
Methodological factors and the prediction of bodiih female athletedledicine &
Science in Sports & Exercise, (1§ 92-96.

Lowell, B. B., & Spiegelman, B. M. (2000). Towardsnolecular understanding of adaptive
thermogenesifNature, 4046778), 652-660.

Lukaski, H. C. (1987). Methods for the assessme&htman body composition: traditional
and newAmerican Journal of Clinical Nutrition, 48), 537-556.

Luke, A., Durazo-Arvizu, R., Rotimi, C., Prewitt, E., Forrester, T., Wilks, R., et al. (1997).
Relation between body mass index and body fat atliBpopulation samples from
Nigeria, Jamaica, and the United Staldse American Journal of Epidemiology,
1457), 620-628.

Macfarlane, D. J. (2001). Automated metabolic gedyssis systems: a revieBports
Medicine, 3{12), 841-861.

Maclintosh, B. R., Herzog, W., Suter, E., WileyPJ.& Sokolosky, J. (1993). Human skeletal
muscle fibre types and force: velocity propertiegropean Journal of Applied
Physiology, 67®), 499-506.

Malavolti, M., Mussi, C., Poli, M., Fantuzzi, A. LSalvioli, G., Battistini, N., et al. (2003).
Cross-calibration of eight-polar bioelectrical indp@ce analysis versus dual-energy
X-ray absorptiometry for the assessment of totdlapendicular body composition
in healthy subjects aged 21-82 ye@msnals of Human Biology, 84), 380-391.

Marin, P., Andersson, B., Krotkiewski, M., & Bjoorp, P. (1994). Muscle fiber composition
and capillary density in women and men with NIDDMabetes Care, 1(B), 382-

386.

Martin, T. P., Stein, R. B., Hoeppner, P. H., & RdD. C. (1992). Influence of electrical
stimulation on the morphological and metabolic @rbijes of paralyzed muscle.
Journal of Applied Physiology, @), 1401-1406.

Mathers, J., & Wolever, T. (2002). Digestion andabelism of carbohydrates. In M. Gibney,
H. Vorster & F. Kok (Eds.)introduction to Human NutritionOxford, UK: Blackwell
Science Ltd.

Matsuda, M., & DeFronzo, R. A. (1997). In vivo megsment of insulin sensitivity in
humansClinical Research in Diabetes and Obesity: Methddsessment, and
Metabolic Regulation23.

Matthews, D. R., Hosker, J. P., Rudenski, A. SyldlaB. A., Treacher, D. F., & Turner, R.

C. (1985). Homeostasis model assessment: insuistaace anf-cell function from

193



References

fasting plasma glucose and insulin concentratinomaan.Diabetologia, 287), 412-
4109.

Mazess, R. B., Barden, H. S., Bisek, J. P., & Hando(1990). Dual-energy x-ray
absorptiometry for total-body and regional bonerenal and soft-tissue composition.
American Journal of Clinical Nutrition, §@), 1106-1112.

McAuley, K., Williams, S., Mann, J., Goulding, A&, Murphy, E. (2002). Increased risk of
type 2 diabetes despite same degree of adipositifferent racial groupdDiabetes
Care, 2512), 2360.

McAuley, K., Williams, S., Mann, J., Walker, R.,Wwes-Barned, N., Temple, L., et al. (2001).
Diagnosing insulin resistance in the general pdmraDiabetes Care, 28), 460-
464.

McAuley, K. A., Williams, S. M., Mann, J. ., Goult, A., Chisholm, A., Wilson, N., et al.
(2002). Intensive lifestyle changes are necessaipprove insulin sensitivity.
Diabetes Care, 23), 445-452.

Mei, Z., Grummer-Strawn, L. M., Pietrobelli, A., Giding, A., Goran, M. |, & Dietz, W. H.
(2002). Validity of body mass index compared withey body-composition screening
indexes for the assessment of body fatness inrehildnd adolescent&merican
Journal of Clinical Nutrition, 786), 978-985.

Michael, M. D., Kulkarni, R. N., Postic, C., Prev& F., Shulman, G. I., Magnuson, M. A., et
al. (2000). Loss of insulin signaling in hepatosyleads to severe insulin resistance
and progressive hepatic dysfunctidfolecular Cell, §1), 87-97.

Mikines, K. J., Sonne, B., Farrell, P. A., TroniBt, & Galbo, H. (1988). Effect of physical
exercise on sensitivity and responsiveness toimguhumansThe American Journal
of Physiology Endocrinology and Metabolism, ¢§4E248-259.

Ministry of Health, N. Z. (1999aNZ Food, NZ People. Key results of the 1997 Neviazida
Nutrition SurveyWellington, NZ: Ministry of Health.

Ministry of Health, N. Z. (1999b)laking the Pulse: the New Zealand Health Survey/P9
Wellington, NZ: Ministry of Health.

Ministry of Health, N. Z. (2002He Korowai Oranga: Maori Health StrategWellington,

NZ: Ministry of Health.

Ministry of Health, N. Z. (2003Healthy Eating - Healthy Action, Oranga Kai - Orang
Pumau: A BackgroundVellington: Ministry of Health.

Ministry of Health, N. Z. (2004aMortality and demographic data 200W/ellington, NZ:
Ministry of Health.

194



References

Ministry of Health, N. Z. (2004b)A Portrait of Health: Key Results of the 2002/2008v
Zealand Health SurveyVellington, NZ.: Ministry of Health.

Ministry of Health, N. Z. (2007). Healthy Eatingdealthy Action, Oranga Kai - Oranga
Pumau. Retrieved 13/03/2008, 2008, from
www.moh.govt.nz/healthyeatinghealthyaction

Ministry of Health, N. Z. (2008)A portrait of Health: Key results of the 2006/07WNe
Zealand Health SurveyVellington, NZ: Ministry of Health.

Misra, A., Wasir, J. S., & Vikram, N. K. (2005). \igacircumference criteria for the
diagnosis of abdominal obesity are not applicabiéoumly to all populations and
ethnic groupsNutrition, 21(9), 969-976.

Moore, M. P., & Lunt, H. (2000). Diabetes in Newafand.Diabetes Research and Clinical
Practice, 5QSupplement 2), S65-S71.

Morgan, T. E., Short, F. A., & Cobb, L. A. (196ffect of long-term exercise on skeletal
muscle lipid compositiomMAmerican Journal of Physiology, 2(11§, 82-86.

Moro, C., Bajpeyi, S., & Smith, S. R. (2008). Detanants of intramyocellular triglyceride
turnover: implications for insulin sensitivibhmerican Journal of Physiology
Endocrinology and Metabolism, 2@}, E203.

Murphy, E., McAuley, K. A., Bell, D., McLay, R. TChisholm, A., Hurley, R., et al. (2003).
A new approach to design and implement a lifegtylervention programme to
prevent type 2 diabetes in New Zealand Ma&sia Pacific Journal of Clinical
Nutrition, 1244), 419-422.

National Institutes of Health Technology. (1996)pdectrical impedance analysis in body
composition measurement: National Institutes ofltieBechnology Assessment
Conference Statememtmerican Journal of Clinical Nutrition, §8), 524S-532.

Needham, D. M. (1926). Red and white muskleysiological Reviews(6), 1-27.

Neel, J. V. (1962). Diabetes mellitus: a thriftyngéype rendered detrimental by progrédse
American Journal of Human Genetics(343), 62.

Ni Mhurchua, C., Blakelya, T., Walla, J., Rodgesa,Jianga, Y., & Wiltona, J. (2007).
Strategies to promote healthier food purchasegoagupermarket intervention study.
Public Health Nutrition, 1(6), 608-615.

Noonan, V., & Dean, E. (2000). Submaximal exertesting: clinical application and
interpretationPhysical Therapy, 88), 782-807.

195



References

Nord, R., & Payne, R. (1995). Dual-energy X-ray@apsiometry vs underwater weighing
comparison of strengths and weaknegssa Pacific Journal of Clinical Nutrition,,4
173-175.

Norton, K. (1996). Anthropometric estimation of lyddt. In K. Norton & T. Olds (Eds.),
Anthropometrica: a Textbook of Body MeasuremenSfaorts and Health Courses
(pp. 171). Sydney, Australia: University of New SoMvales Press.

O'Dea, K. (1984). Marked improvement in carbohyeliatd lipid metabolism in diabetic
Australian Aborigines after temporary reversionraalitional lifestyle Diabetes,
33(6), 596-603.

O’Dea, K., White, N. G., & Sinclair, A. J. (198&n investigation of nutrition-related risk
factors in an isolated Aboriginal community in ri@tn Australia: advantages of a
traditionally-orientated lifestylelhe Medical Journal of Australia, 148, 177-180.

Oakes, N. D., Kennedy, C. J., Jenkins, A. B., Lalylo. R., Chisholm, D. J., & Kraegen, E.
W. (1994). A new antidiabetic agent, BRL 49653 ,uesk lipid availability and
improves insulin action and glucoregulation in the Diabetes, 48L0), 1203-1210.

Okosun, I. S., Cooper, R. S., Rotimi, C. N., Osetin, B., & Forrester, T. (1998).
Association of waist circumference with risk of leyfension and type 2 diabetes in
Nigerians, Jamaicans, and African-Americddisbetes Care, 211), 1836-1842.

Okosun, I. S., Liao, Y., Rotimi, C. N., Choi, S.,@ooper, R. S. (2000). Predictive values of
waist circumference for dyslipidemia, type 2 diasetnd hypertension in overweight
White, Black, and Hispanic American adulisurnal of Clinical Epidemiology, %3),
401-408.

Okosun, I. S., Tedders, S. H., Choi, S., & DeverE(32000). Abdominal adiposity values
associated with established body mass indexes ite\Y\Black and Hispanic
Americans. A study from the Third National Healtidd\utrition Examination
Survey.International Journal of Obesity and Related MetabDisorders, 2410),
1279.

Pan, D. A, Lillioja, S., Kriketos, A. D., MilneM. R., Baur, L. A., Bogardus, C., et al.
(1997). Skeletal muscle triglyceride levels areeirsely related to insulin action.
Diabetes, 46), 983-988.

Pan, X. R., Li, G. W., Hu, Y. H.,, Wang, J. X., YaW. Y., An, Z. X., et al. (1997). Effects of
diet and exercise in preventing NIDDM in peoplehwinpaired glucose tolerance.
The Da Qing IGT and Diabetes Stu@jabetes Care, 2@), 537-544.

196



References

Papa, S. (1996). Mitochondrial oxidative phosphatigh changes in the life span. Molecular
aspects and physiopathological implicatidB®chimica et Biophysica Acta (BBA) -
Bioenergetics, 124&), 87-105.

Parnell, W., Scragg, R., Wilson, N., Schaaf, DFi&gerald, E. (2003). NZ food NZ
children: key results of the 2002 national childsemutrition surveyWellington,
Ministry of Health

Parra, E. J., Kittles, R. A., & Shriver, M. D. (200Implications of correlations between skin
color and genetic ancestry for biomedical resedfielture genetigsS54-S60.

Pearce, N., Foliaki, S., Sporle, A., & Cunningh&n(2004). Genetics, race, ethnicity, and
health.British Medical Journal, 328447), 1070-1072.

Pearce, N., Pomare, E., Marshall, S., & Bormar(1B93). Mortality and social class in
Maori and non-Maori New Zealand men: changes bet®&5-1977 and 1985-1987.
The New Zealand Medical Journal, 10/®3-196.

Penedo, F. J., & Dahn, J. R. (2005). Exercise agltdhveing: a review of mental and physical
health benefits associated with physical activityrrent Opinion in Psychiatry, 18),
189-193.

Pereira, M. A., Kartashov, A. I., Ebbeling, C. Ban Horn, L., Slattery, M. L., Jacobs, J. D.
R., et al. (2005). Fast-food habits, weight gaimg ansulin resistance (the CARDIA
study): 15-year prospective analysitie Lancet, 369453), 36-42.

Pette, D. (2001). Plasticity in skeletal, cardaad smooth muscle: historical perspectives:
plasticity of mammalian skeletal muscleurnal of Applied Physiology, €8), 1119-
1124.

Phillips, D. I., Caddy, S., llic, V., Fielding, B\.., Frayn, K. N., Borthwick, A. C., et al.
(1996). Intramuscular triglyceride and muscle imssknsitivity: evidence for a
relationship in nondiabetic subjeck8etabolism: Clinical and Experimental, &,

947.

Ploug, T., Galbo, H., & Richter, E. A. (1984). Ieased muscle glucose uptake during
contractions: no need for insulinhe American Journal of Physiology Endocrinology
and Metabolism, 248), E726-731.

Poehiman, E. T., Dvorak, R. V., DeNino, W. F., BrocM., & Ades, P. A. (2000). Effects of
resistance training and endurance training on ims@nsitivity in nonobese, young
women: a controlled randomized tridburnal of Clinical Endocrinology &
Metabolism, 867), 2463-2468.

197



References

Polonsky, K. S., Given, B. D., Hirsch, L., Shapieo,T., Tillil, H., Beebe, C., et al. (1988).
Quantitative study of insulin secretion and cleagaim normal and obese subjects.
Journal of Clinical Investigation, §2), 435.

Pratley, R. E. (2007). Gene—environment interastiorthe pathogenesis of type 2 diabetes
mellitus: lessons learned from the Pima Indid@receedings of the Nutrition Society,
57(02), 175-181.

Prentice, A. M., & Jebb, S. A. (2001). Beyond baaigss indexObesity Reviews(2), 141-
147.

PricewaterhouseCoopers. (200Iype 2 Diabetes: Managing for Better Health outcame
Wellington, NZ.: Diabetes New Zealand Inc.

Raji, A., Seely, E. W., Arky, R. A., & Simonson, D. (2001). Body fat distribution and
insulin resistance in healthy Asian Indians anddaaiansJournal of Clinical
Endocrinology & Metabolism, §61), 5366-5371.

Randle, P. J., Garland, P. B., Hales, C. N., & Nedrse, E. A. (1963). The glucose fatty-
acid cycle. Its role in insulin sensitivity and timetabolic disturbances of diabetes
mellitus.Lancet, 17285), 785.

Reaven, G. M. (1988). Role of insulin resistanceuman diseas®iabetes, 371), 1595-
1607.

Rebbeck, T. R., & Sankar, P. (2005). Ethnicity,esty, and race in molecular epidemiologic
researchCancer Epidemiology Biomarkers & Prevention(11Y), 2467.

Reid, I. R., Mackie, M., & Ibbertson, H. K. (198®one mineral content in Polynesian and
white New Zealand womemtritish Medical Journal (Clinical Research Ed),
292(6535), 1547-1548.

Reiser, P. J., Moss, R. L., Giulian, G. G., & Gezad/l. L. (1985). Shortening velocity in
single fibers from adult rabbit soleus musclesoisalated with myosin heavy chain
composition.The Journal of Biological Chemistry, 28®), 9077-9080.

Richter, E. A., Garetto, L. P., Goodman, M. N., &derman, N. B. (1982). Muscle glucose
metabolism following exercise in the rat: increasedsitivity to insulinJournal of
Clinical Investigation, 6@), 785-793.

Richter, E. A., Mikines, K. J., Galbo, H., & KierB, (1989). Effect of exercise on insulin
action in human skeletal musclaurnal of Applied Physiology, 65, 876-885.

Rimbert, V., Boirie, Y., Bedu, M., Hocquette, J,-Ritz, P., & Morio, B. (2004). Muscle fat

oxidative capacity is not impaired by age but bygatal inactivity: association with

198



References

insulin sensitivity.Journal of the Federation of American SocietiesEgperimental
Biology, 1§6), 737-739.

Rising, R., Swinburn, B., Larson, K., & Ravussin,(E991). Body composition in Pima
Indians: validation of bioelectrical resistané@nerican Journal of Clinical Nutrition,
53(3), 594-598.

Rocchini, A. P. (2002). Childhood obesity and abdias epidemidNew England Journal of
Medicine, 34611), 854-855.

Rochester, L., Barron, M. J., Chandler, C. S.,@utR. A., Miller, S., & Johnson, M. A.
(1995). Influence of electrical stimulation of ttigialis anterior muscle in paraplegic
subjects. 2. Morphological and histochemical propsrParaplegia, 389), 514.

Roden, M., Price, T. B., Perseghin, G., Peterseik,. KRothman, D. L., Cline, G. W., et al.
(1996). Mechanism of free fatty acid-induced insuésistance in human¥ournal of
Clinical Investigation, 9{12), 2859.

Rosen, S. (1969). Three "myosin adenosine triphatsgk"” systems: the nature of their pH
lability and sulfhydryl dependenc&ournal of Histochemistry and Cytochemistry,
16(9), 670.

Ross, R., Aru, J., Freeman, J., Hudson, R., & #&m3s(2002). Abdominal adiposity and
insulin resistance in obese mémerican Journal of Physiology- Endocrinology And
Metabolism, 28@), E657.

Rowe, J. W., Minaker, K. L., Pallotta, J. A., & &j J. S. (1983). Characterization of the
insulin resistance of agingournal of Clinical Investigation, {f), 1581.

Rush, E., Plank, L., Chandu, V., Laulu, M., Simmdds Swinburn, B., et al. (2004). Body
size, body composition, and fat distribution: a gamson of young New Zealand men
of European, Pacific Island, and Asian Indian etitieis. The New Zealand Medical
Journal, 1171207), U1203.

Rush, E. C., Freitas, 1., & Plank, L. D. (2009).dgcsize, body composition and fat
distribution: comparative analysis of European, Kld@acific Island and Asian Indian
adults.British Journal of Nutrition, 10@4), 632-641.

Rush, E. C., Plank, L. D., & Robinson, S. M. (19H¢sting metabolic rate in young
Polynesian and Caucasian womknernational Journal of Obesity, 211), 1071-
1075.

Rush, E. C., Puniani, K., Valencia, M. E., DaviesS., & Plank, L. D. (2003). Estimation of

body fatness from body mass index and bioelectmepedance: comparison of New

199



References

Zealand European, Maori and Pacific Island childeEamopean Journal of Clinical
Nutrition, 5711), 1394-1401.

Sachdev, P. (1998). The New Zealand Maori and engeenporary health system. In S.
Okpaku (Ed.)Clinical Methods in Transcultural Psychiat(gp. 111-136).
Washington, D.C: American Psychiatric Press.

Sadoyama, T., Masuda, T., Miyata, H., & Katsuta;1988). Fibre conduction velocity and
fibre composition in human vastus lateralisiropean Journal of Applied Physiology,
57(6), 767-771.

Saltiel, A. R., & Kahn, C. R. (2001). Insulin sidgivag and the regulation of glucose and lipid
metabolismNature, 4146865), 799-806.

Schantz, P., Billeter, R., Henriksson, J., & Jans&o (1982). Training-induced increase in
myofibrillar ATPase intermediate fibers in humarelgital muscleMuscle & Nerve,
5(8), 628-636.

Schrauwen-Hinderling, V. B., Schrauwen, P., HeagelM. K. C., van Engelshoven, J. M.
A., Nicolay, K., Saris, W. H. M., et al. (2003). &imcrease in intramyocellular lipid
content is a very early response to trainthgurnal of Clinical Endocrinology &
Metabolism, 88}), 1610-1616.

Schulze, M. B., Manson, J. E., Ludwig, D. S., CaddG. A., Stampfer, M. J., Willett, W. C.,
et al. (2004). Sugar-sweetened beverages, weightayad incidence of type 2
diabetes in young and middle-aged womkrurnal of the American Medical
Association, 29B), 927-934.

Scott, W., Stevens, J., & Binder-Macleod, S. A.Q20 Human skeletal muscle fiber type
classificationsPhysical Therapy, §11), 1810-1816.

Scragg, R., Baker, J., Metcalf, P., & Dryson, BR91). Prevalence of diabetes mellitus and
impaired glucose tolerance in a New Zealand multtavorkforce.The New Zealand
Medical Journal, 1020), 395-397.

Segal, K. R., Gutin, B., Presta, E., Wang, J., &MUallie, T. B. (1985). Estimation of human
body composition by electrical impedance methodsraparative studylournal of
Applied Physiology, §8), 1565-1571.

Seidell, J. C. (2000). Obesity, insulin resistaand diabetes - a worldwide epidentiitish
Journal Of Nutrition, 835-8.

Seppala-Lindroos, A., Vehkavaara, S., HakkinenylA.Goto, T., Westerbacka, J., Sovijarvi,

A., et al. (2002). Fat accumulation in the liveagsociated with defects in insulin

200



References

suppression of glucose production and serum frie daids independent of obesity in
normal menJournal of Clinical Endocrinology & Metabolism, &, 3023-3028.

Serdula, M. K., Ivery, D., Coates, R. J., Freedniarss., Williamson, D. F., & Byers, T.
(1993). Do obese children become obese adultsYiéwedf the literaturePreventive
medicine, 2@2), 167.

Shield, A., & Zhou, S. (2004). Assessing Voluntityscle Activation with the Twitch
Interpolation TechniqueSports Medicine, 34), 253-267.

Shulman, G. I. (2000). Cellular mechanisms of imstésistanceJournal of Clinical
Investigation, 10@), 171-176.

Simmons, D., & Thompson, C. F. (2004). Prevalerddb®metabolic syndrome among adult
New Zealanders of Polynesian and European dedaeftetes Care, A12), 3002-
3004.

Simmons, D., Thompson, C. F., & Volklander, D. (2R@Polynesians: prone to obesity and
type 2 diabetes mellitus but not hyperinsulinaemiabetic Medicine, 1), 193-
198.

Simoneau, J.-A., & Kelley, D. E. (1997). Alteredgplytic and oxidative capacities of
skeletal muscle contribute to insulin resistancHiDDM. Journal of Applied
Physiology, 8@L), 166-171.

Simoneau, J. A., & Bouchard, C. (1995). Genetiearinism of fiber type proportion in
human skeletal muscldournal of the Federation of American Societies for
Experimental Biology,@1), 1091-1095.

Simoneau, J. A., Lortie, G., Boulay, M. R., ThitaM. C., & Bouchard, C. (2008).
Repeatability of fibre type and enzyme activity sig@ments in human skeletal
muscle.Clinical Physiology and Functional Imaging(4, 347-356.

Siri, W. E. (1961). Body volume measurement bydjagion. In J. Brozek (Ed.)Techniques
for measuring body compositigpp. 108—-117). Washington, DC: National Academy
of Sciences, National Research Council.

Smylie, J., Anderson, |., Ratima, M., Crengle,&Anderson, M. (2006). Indigenous health
performance measurement systems in Canada, Aastialil New Zealand he
Lancet, 3679527), 2029-2031.

Sniderman, A. D., Bhopal, R., Prabhakaran, D.,8zaadegan, N., & Tchernof, A. (2007).
Why might South Asians be so susceptible to centrakity and its atherogenic
consequences? The adipose tissue overflow hypsth#sirnational Journal of
Epidemiology, 3@L), 220-225.

201



References

Solomon, C. G., & Manson, J. E. (1997). Obesity aradtality: a review of the
epidemiologic dataAmerican Journal of Clinical Nutrition, §8), 1044S-1050.

SPARC. (2004, May 2004%port, Recreation and Physical Activity in New Zedl Paper
presented at the Leisure and Heritage studiespiactUniversity.

SPARC. (2005). SPARC launches push play activéilacktronic Version]Press Releases
Retrieved 16 May 2007 from http://www.sparc.orgatmut-sparc/news/sparc-
launches-push-play-activator.

Stannard, S. R., Holdaway, M. A., Sachinwalla,& Cunningham, C. W. (2007). Insulin
sensitivity and intramyocellular lipid concentratgin young Maori merDiabetic
Medicine, 2411), 1205-1212.

Stannard, S. R., & Johnson, N. A. (2004). Insutisistance and elevated triglyceride in
muscle: more important for survival than ‘thriftgges?he Journal of Physiology,
554(3), 595.

Stannard, S. R., & Johnson, N. A. (2006). Energly sypent fighting the diabetes epidemic.
Diabetes/Metabolism Research and Reviews12219.

Stannard, S. R., Thompson, M. W., Fairbairn, K.akdy B., Sachinwalla, T., & Thompson,
C. H. (2002). Fasting for 72h increases intramylata lipid content in nondiabetic,
physically fit men.The American Journal of Physiology Endocrinologd an
Metabolism, 2831185-1191.

Staron, R. S. (1997). Human skeletal muscle fijpees: delineation, development, and
distribution.Physiologie appliquée, nutrition et métabolisme, 27-327.

Staron, R. S., Leonardi, M. J., Karapondo, D. Lalibky, E. S., Falkel, J. E., Hagerman, F.
C., et al. (1991). Strength and skeletal musclptdians in heavy-resistance-trained
women after detraining and retrainidgurnal of Applied Physiology, ), 631-640.

Statistics New Zealand. (2006a). Demographic trepd85. Retrieved 1 October 2009,
2009, from
http://www.stats.govt.nz/~/media/statistics/puldilcas/population/demographic-
trends-2005/chapter4-deaths-life-expectancy.aspx

Statistics New Zealand. (2006b). QuickStats abocdre: 2006 Census. Retrieved 7
August 2009, 2009, from
http://www.stats.govt.nz/~/media/Statistics/Pulilimas/Census/2006%20Census%?20r
eports/QuickStats%20About%20A%20Subject/QuickStat8bout%20Incomes/20

06-census-quickstats-about-incomes.ashx

202



References

Statistics New Zealand. (2006c). QuickStats abaw Mealand's population and dwelling:
2006 Census. Retrieved 7 August 2009, 2009, from
http://www.stats.govt.nz/~/media/Statistics/Pulilimas/Census/2006%20Census%20r
eports/QuickStats%20About%20A%20Subject/QuickStabhout%20NZs%20Pop
ulation%20and%20Dwellings/gstats-about-nzs-popaaénd-dwellings-2006-
census.ashx

Statistics New Zealand. (2008). New Zealand lifpestancy increases. Retrieved 30
September 2009, 2009, from
http://www.stats.govt.nz/~/media/Statistics/Brow28¥For%20stats/NZLifeTables/M
R05-07/NZLifeTables05-07MR.ashx

Stedman's medical dictionary. (2000). ( 27 eddtiBiore, Maryland: Lippincott Williams &
Wilkins.

Stumvoll, M., Mitrakou, A., Pimenta, W., Jenssen, Yki-Jarvinen, H., Van Haeften, T., et
al. (2000). Use of the oral glucose tolerancetteassess insulin release and insulin
sensitivity.Diabetes Care, 43), 295-301.

Suminski, R. R., Mattern, C. O., & Devor, S. T.@2). Influence of racial origin and skeletal
muscle properties on disease prevalence and phpsidarmanceSports Medicine,
32(11), 667-673.

Summers, S. A, Garza, L. A., Zhou, H., & Birnbawh J. (1998). Regulation of insulin-
stimulated glucose transporter GLUT4 translocatind Akt kinase activity by
ceramideMolecular and cellular biology, 18), 5457.

Suter, E., Herzog, W., Sokolosky, J., Wiley, J.&PMacintosh, B. R. (1993). Muscle fiber
type distribution as estimated by Cybex testing landhuscle biopsyMedicine &
Science in Sports & Exercise, (3% 363.

Suter, P. M., Hasler, E., & Vetter, W. (1997). Eteof alcohol on energy metabolism and
body weight regulation: is alcohol a risk factor &besity?Nutrition Reviews, 55),
157-171.

Svendsen, O. L., Haarbo, J., Hassager, C., & Gmistn, C. (1993). Accuracy of
measurements of body composition by dual-energgyxabsorptiometry in vivo.
American Journal of Clinical Nutrition, 3), 605-608.

Swinburn, B., Ley, S., Carmichael, H., & Palnk,(1999). Body size and composition in
Polynesiansinternational Journal of Obesity, 23178-1183.

203



References

Tang, H., Quertermous, T., Rodriguez, B., Kardid,.SR., Zhu, X., Brown, A., et al. (2005).
Genetic structure, self-Identified race/ethnicégd confounding in case-control
association studie¥he American Journal of Human Geneticq2j6268-275.

Tanner, C. J., Barakat, H. A., Dohm, G. L., Pori#s J., MacDonald, K. G., Cunningham, P.
R. G., et al. (2002). Muscle fiber type is ass@dawith obesity and weight losBhe
American Journal of Physiology Endocrinology andibelism, 2896), E1191-1196.

Thamer, C., Machann, J., Bachmann, O., Haap, \Vh|,[Da, Wietek, B., et al. (2003).
Intramyocellular lipids: anthropometric determiraand relationships with maximal
aerobic capacity and insulin sensitivilppurnal of Clinical Endocrinology &
Metabolism, 88}), 1785-1791.

Thomas, D. R. (2001). Assessing ethnicity in NewlZed health researcNew Zealand
Medical Journal, 11486-88.

Thomas, S., Reading, J., & Shephard, R. J. (1#)ision of the physical activity readiness
questionnaire (PAR-Q¥anadian Journal of Sport Sciences, Journal Canadies
Sciences du Sport, (), 338.

Thorstensson, A., Grimby, G., & Karlsson, J. (19 F®rce-velocity relations and fiber
composition in human knee extensor musclesrnal of Applied Physiology, 4D),
12-16.

Thorstensson, A., & Karlsson, J. (1976). Fatigugbénd fibre composition of human
skeletal muscleActa Physiologica Scandinavica, (33, 318-322.

Tipene-Leach, D., Pahau, H., Joseph, N., Coppellvi€Auley, K., Booker, C., et al. (2004).
Insulin resistance in a ruralddri community.The New Zealand Medical Journal,
117(1207), U1208.

Tobias, M., Paul, S., & Yea, L. (200&@mbodying Social Rank: How body fat varies with
social status, gender and ethnicity in New Zeala@dllington,NZ.: Ministry of
Health.

Toledo, F. G. S., Menshikova, E. V., Ritov, V. Bzuma, K., Radikova, Z., DelLany, J., et al.
(2007). Effects of physical activity and weightdasn skeletal muscle mitochondria
and relationship with glucose control in type 2bdites Diabetes, 5@), 2142.

Toledo, F. G. S., Watkins, S., & Kelley, D. E. (B)0Changes induced by physical activity
and weight loss in the morphology of intermyofilaiilmitochondria in obese men and
women.Journal of Clinical Endocrinology & Metabolism, @), 3224.

Tuomilehto, J., Lindstrom, J., Eriksson, J. G.,I¥al. T., Hamalainen, H., llanne-Parikka,

P., et al. (2001). Prevention of type 2 diabeteBitie by changes in lifestyle among
204



References

subjects with impaired glucose tolerandew England Journal of Medicine, 348),
1343-1350.

Tuttle, C. R. (2002). Lessons learned from faileskeiarch among the New Zealanaad.
Nutritional Anthropology, 28), 13-19.

Unger, R. H. (1995). Lipotoxicity in the pathogeisesf obesity-dependent NIDDM. Genetic
and clinical implicationsDiabetes, 4@), 863-870.

Unger, R. H., & Zhou, Y. T. (2001). Lipotoxicity &-cells in obesity and in other causes of
fatty acid spilloverDiabetes, 5(Buppl 1), S118-S121.

Utter, J., Scragg, R., Schaaf, D., & Fitzgerald(Zb06). Nutrition and physical activity
behaviours among &bri, Pacific and NZ European children: identifyiogportunities
for population-based interventiomsustralian and New Zealand Journal of Public
Health, 3@1), 50-56.

Uusitupa, M., Lindi, V., Louheranta, A., Salopufo, Lindstrom, J., & Tuomilehto, J. (2003).
Long-term improvement in insulin sensitivity by dggng lifestyles of people with
impaired glucose tolerance: 4-year results fromAnaish Diabetes Prevention Study.
Diabetes, 510), 2532-2538.

van der Ploeg, G. E., Gunn, S. M., Withers, RMaodra, A. C., & Crockett, A. J. (2000).
Comparison of two hydrodensitometric methods foinesting percent body fat.
Journal of Applied Physiology, 88, 1175-1180.

van Loon, L. J. C. (2004). Intramyocellular triaglylcerol as a substrate source during
exerciseProceedings of the Nutrition Society, @®1-307.

van Loon, L. J. C. (2004). Use of intramusculaadyiglycerol as a substrate source during
exercise in humangournal of Applied Physiology, &¥), 1170-1187.

van Loon, L. J. C., Greenhaff, P. L., Constantimd@siu, D., Saris, W. H. M., &
Wagenmakers, A. J. M. (2001). The effects of insirggexercise intensity on muscle
fuel utilisation in humanslhe Journal of Physiology, 5@H, 295.

Wade, A. J., Marbut, M. M., & Round, J. M. (199Muscle fibre type and aetiology of
obesity.Lancet(British edition), 338693), 805-808.

Wallace, T. M., & Matthews, D. R. (2002). The assesnt of insulin resistance in man.
Diabetic Medicine, 1), 527-534.

Wang, J., Thornton, J. C., Russell, M., Burast&rpHeymsfield, S., & Pierson Jr, R. N.
(1994). Asians have lower body mass index (BMI) ligher percent body fat than do
whites: comparisons of anthropometric measuremé@megrican Journal of Clinical
Nutrition, 6Q1), 23.

205



References

Warram, J. H., Martin, B. C., Krolewski, A. S., $areer, J. S., & Kahn, C. R. (1990). Slow
glucose removal rate and hyperinsulinemia preceeeévelopment of type I
diabetes in the offspring of diabetic paredtsnals of Internal Medicine, 1{182),
909.

Wei, M., Gaskill, S. P., Haffner, S. M., & Stern, M. (1997). Waist circumference as the
best predictor of noninsulin dependent diabeteditoe(NIDDM) compared to body
mass index, waist/hip ratio and other anthropormeteasurements in Mexican
Americans-a 7-year prospective stu@pesity research,(%), 16.

Wei, M., Gibbons, L. W., Kampert, J. B., Nicham&h,Z., & Blair, S. N. (2000). Low
cardiorespiratory fitness and physical inactivisypsedictors of mortality in men with
Type 2 diabetesAnnals of Internal Medicine, 182), 605-611.

Weir, G. C., & Bonner-Weir, S. (2004). Five stagégvolving beta-cell dysfunction during
progression to diabeteBiabetes, 5@&uppl 3), S16.

Welch, B. E., & Crisp, C. E. (1958). Effect of tlevel of expiration on body density
measurementlournal of Applied Physiology, (3, 399.

Whitaker, R. C., Wright, J. A., Pepe, M. S., Seid¢telD., & Dietz, W. H. (1997). Predicting
obesity in young adulthood from childhood and ptakobesityNew England
Journal of Medicine, 331.3), 869-873.

WHO. (1946) Preamble to the Constitution of the World Healtlg@nmization as adopted by
the International Health Conferencew York: WHO.

WHO. (1995) Physical status: the use and interpretation of amplometry Geneva: World
Health Organisation.

WHO. (1998).The World Health Report 1998. Life in the 21st @gnt A Vision for All
Geneva: World Health Organisation.

WHO. (2004). Appropriate body-mass index for Aspapulations and its implications for
policy and intervention strategidsancet, 368403), 157.

Wilcox, G. (2005). Insulin and insulin resistant@e Clinical Biochemist Reviews,, 20-39.

Wild, S. H., Roglic, G., Green, A., Sicree, R., 8, H. (2004). Global prevalence of
diabetes: estimates for the year 2000 and projecfior 2030Diabetes care, A1.0),
2569.

Wilmore, J. H. (1969). A simplified method for detenation of residual lung volumes.
Journal of Applied Physiology, 21, 96-100.

Wilmore, J. H., Costill, D. L., & Kenney, W. L. (P8). Physiology of sport and exercise

Champaign, lllinois: Human Kinetics.

206



References

Wilmore, J. H., Vodak, P. A., Parr, R. B., GiraraldR. N., & Billing, J. E. (1980). Further
simplification of a method for determination of idzgal lung volumeMedicine and
Science in Sports and Exercise(3)2216-218.

Windisch, A., Gundersen, K., Szabolcs, M. J., Gruble, & Lamo, T. (1998). Fast to slow
transformation of denervated and electrically stated rat muscleThe Journal of
Physiology, 51(2), 623.

Winegrad, A. I., & Renold, A. E. (1958). Studiesran adipose tissue in vitrdournal of
Biological Chemistry, 232), 267.

Yeh, M. P., Adams, T. D., Gardner, R. M., & YanawiE. G. (1987). Turbine flowmeter vs.
Fleisch pneumotachometer: a comparative studyxercese testingJournal of
Applied Physiology, §3), 1289-1295.

Yki-Jarvinen, H., & Koivisto, V. A. (1983). Effectsf body composition on insulin
sensitivity.Diabetes, 3210), 965-969.

Young, T. K., Reading, J., Elias, B., & O'Neil 3. (2000). Type 2 diabetes mellitus in
Canada's First Nations: status of an epidemicognessCanadian Medical
Association Journal, 148), 561-566.

Zhu, S., Wang, Z., Heshka, S., Heo, M., Faith, &Heymsfield, S. (2002). Waist
circumference and obesity-associated risk factorsng whites in the third National
Health and Nutrition Examination Survey: clinicatian thresholdsAmerican
Journal of Clinical Nutrition, 76743-749.

Zierath, J., & Hawley, J. (2004). Skeletal musdbef type: influence on contractile and
metabolic propertief?ublic Library of Science Biology(0), 1523-1527.

Zimmet, P. (1979). Epidemiology of diabetes andriterovascular manifestations in Pacific
populations: the medical effects of social progrBsabetes Care, @), 144-153.

207



Appendices

10.5Appendix A — Study 1

Table 0-1— Participant physical characteristics

Sydney Study Wellington Study

Name Age Height Weight BMI % BF (Siri) LBM Age Height Weight BMI % BF (Siri) LBM
LB 20 1.74 75.80 25.2 21.9 59.20 22 1.74 70.50 234 16.5 58.40
RW 21 1.82 73.60 22.2 16.2 61.68 23 1.82 88.20 26.6 19.5 63.40
TD 20 1.89 93.50 26.2 11.7 82.56 22 1.89 99.50 27.9 13.0 84.75
SW 23 1.81 103.10 315 36.7 65.26 25 1.81 94.50 28.8 29.5 66.25
NB 30 1.78 80.85 255 18.7 65.73 32 1.78 75.00 23.7 13.0 65.00
RC 30 1.82 82.95 25.2 17.7 68.27 32 1.82 90.00 27.2 235 68.80
CH 33 1.77 79.00 25.2 20.0 63.20 37 1.80 102.70 31.7 20.3 81.40
BC 34 1.80 91.00 28.1 17.7 74.89 36 1.83 91.40 27.3 22.0 70.65
JH 34 1.83 90.00 27.0 24.6 67.86 35 1.77 79.10 25.2 19.5 63.48
TK 37 1.74 95.40 315 27.4 69.26 38 1.74 94.70 31.3 26.0 69.95
JG 31 1.79 90.50 28.2 14.0 77.83 32 1.79 85.50 26.7 7.5 79.35
JR 25 1.82 152.00 45.9 42.5 87.40 27 1.82 152.70 46.1 40.0 91.20
Mean 28 2 92 28 22 70 30 1.80 93.65 28.8 20.9 71.89
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Table 0-2— Blood Pathology (Sydney)

Name Ins pM Ins 2 hr Glucose 2 hr Glucose Total Chol HDL LDL Chol/LDL Ins iU HOMA
LB 53 114 4.5 4.4 51 1.30 2.6 3.9 7.63 1.53
RW 21 108 4.5 4.7 4.7 1.25 3.8 24 3.02 0.60
TD 39 109 6.1 3.2 - - - - 5.62 1.52
SW 128 34 4.6 2.8 5.5 1.42 3.6 3.9 18.43 3.77
NB 67 136 55 54 6.1 1.27 3.7 4.8 9.65 2.36
RC 53 14 4.8 3.8 8.6 1.54 6.3 5.6 7.63 1.63
CH 71 191 55 5.2 4.0 1.02 2.7 3.9 10.22 2.50
BC 52 29 54 2.7 3.5 1.22 2.0 2.9 7.49 1.80
JH 46 114 5.0 4.3 4.7 1.13 3.2 4.2 6.62 1.47
TK 43 249 4.9 4.1 5.6 1.01 4.1 5.5 6.19 1.35
JG 65 - 5.0 3.3 5.0 1.00 2.8 4.9 9.36 2.08
JR 264 184 5.7 4.3 5.8 1.37 3.8 4.2 38.01 9.63
Mean 51 117 5 4 5 1 3 4 11 3

Vv Xipuaddy



Table 0-3— Blood Pathology (Wellington)

Name Ins pM Ins 2 hr Glucose 2 hr Glucose Total Chol HDL LDL Chol/LDL Ins iU HOMA
LB 36 49 51 3.9 4.5 1.50 2.30 3.0 5.2 1.17
RW 54 65 4.2 2.5 5.0 1.13 3.30 4.4 7.8 1.45
TD 32 - 4.9 - 3.9 2.59 1.20 15 4.6 1.00
SW 85 165 4.5 3.4 4.6 1.72 2.40 2.7 12.2 2.45
NB 32 213 4.9 6.3 6.3 1.40 4.00 4.5 4.6 1.00
RC 28 78 4.7 4.2 7.9 1.42 5.40 5.6 4.0 0.84
CH 54 114 5.0 4.3 4.6 0.97 2.70 4.7 7.8 1.73
BC 31 42 51 31 4.9 1.19 3.40 4.1 4.5 1.01
JH 34 155 4.7 5.2 3.8 1.03 2.60 3.7 4.9 1.02
TK 72 96 4.9 4.1 4.6 0.92 3.10 5.0 10.4 2.26
JG 46 152 54 4.6 5.2 0.95 3.40 55 6.6 1.59
JR 195 804 5.0 55 5.6 1.20 3.60 4.7 28.1 6.24
Mean 58.3 176 4.9 4.3 51 1.34 3.12 4.1 8.4 1.81
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Table 0-4— Aerobic capacity

Sydney Wellington

Name VO2max VO2max/kg VO2max/LBM VO2max Vo2max/kg VO2max/LBM

LB 3550 46.83 59.96 3269 46.37 55.97
RW 3833 52.09 62.15 3571 40.49 56.32
TD 4567 48.85 55.32 3748 37.67 44.22
SW 4202 40.75 64.38 3641 38.53 54.96
NB 3796 46.95 57.75 3161 42.15 48.63
RC 4409 53.15 64.58 3363 37.37 48.88
CH 3165 40.06 50.08 4151 40.42 51.00
BC 4979 54.71 66.48 4104 44.90 58.09
JH 4375 48.61 64.47 3862 48.82 60.84
TK 3843 40.28 55.49 2802 29.59 40.06
JG 4212 46.54 65.09 3762 44.00 47.41
JR 4075 26.81 46.62 3340 21.87 36.62
Mean 4084 45.47 59.36 3564 39.35 50.25
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Table 0-5— Multiple regression analysis (Sydney)

Dependant variable Independent variab le r r2 t P
HOMA-IR 0.847 0.717 0.003
% body fat 3.417 0.008
VO,maxLBM -1.797 0.106
Fasting serum insulin 0.861 0.741 0.002
% body fat 3.952 0.003
VO,maxLBM -1.452 0.181
Fasting serum glucose 0.65 0.423 0.084
% body fat -1.287 0.230
VO,maxLBM -2.544 0.032
2hr serum insulin 0.781 0.610 0.023
% body fat -0.060 0.954
VO,maxLBM -3.366 0.010
2hr serum glucose 0.543 0.295 0.207
% body fat -0.774 0.459
VO,maxLBM -1.942 0.084
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Table 0-6— Multiple regression analysis (Wellington only)

Dependant variable Independent variable r r2 t P
HOMA-IR 0.873 0.763 0.002
% body fat 3.829 0.004
VO,maxLBM -2.388 0.041
Fasting serum insulin 0.879 0.772 0.001
% body fat 4.116 0.003
VO,maxLBM -2.214 0.054
Fasting serum glucose 0.508 0.258 0.261
% body fat -1.391 0.198
VO,maxLBM -1.473 0.175
2hr serum insulin 0.764 0.584 0.030
% body fat 1.824 0.106
VO,maxLBM -1.794 0.111
2hr serum glucose 0.496 0.246 0.324
% body fat -0.801 0.446
VO,maxLBM -1.608 0.146
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10.6 Appendix B — Study 2

Table 0-7— Participant physical characteristics (noae)

Name Age Height Weight BMI % BF (Siri) LBM
w 32 1.81 69.3 21.2 16.3 57.8
WR 25 1.94 75.8 20.1 135 65.5
NC 23 1.74 86.7 28.6 21.5 68.1
Sw 24 1.83 90.9 27.1 20.5 72.3
SC 25 1.82 87.6 26.4 19.0 70.9
GE 32 1.67 62.4 22.4 8.0 57.2
DM 35 1.84 83.2 24.6 22.0 64.4
CM 29 1.81 84.5 25.8 14.0 72.4
MV 24 1.79 81.9 25.6 13.0 71.0
AR 35 1.75 76.0 24.8 22.0 59.5
KM 18 1.78 66.2 20.9 5.5 62.4
JG 28 1.81 70.7 21.6 15.0 53.5
™ 28 1.67 62.8 22.5 15.0 59.8
BG 28 1.75 72.0 23.5 18.0 59.0
CB 20 1.85 98.2 28.7 25.0 73.2
KM 19 1.73 72.5 24.2 17.0 60.1
JM 28 1.78 68.6 21.7 16.0 56.7
Mean 28 181 80.1 24.5 16.9 66.1

[IA
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Table 0-8— Participant physical characteristicsagv)

Name Age Height Weight BMI % BF (Siri) LBM
RP 26 1.78 80.0 25.2 24.5 60.6
ES 25 1.81 95.2 29.1 21.7 74.3
AW 32 1.84 115.4 34.1 28.7 82.3
KT 36 1.81 97.8 29.9 30.7 68.2
WM 28 1.79 94.7 29.6 25.3 71.0
KT 37 1.81 101.2 30.9 11.7 89.1
PT 26 1.84 83.4 24.6 15.0 71.0
CT 23 1.88 94.6 26.8 21.0 74.7
BE 34 1.82 85.4 25.8 20.0 68.3
W 25 1.95 110.2 29.0 28.0 79.7
LR 25 1.70 111.3 38.5 33.0 74.4
ND 30 1.70 84.8 29.3 23.3 65.0
LT 28 1.87 118.6 33.9 30.5 82.2
ST 23 1.81 82.2 25.1 15.5 71.8
CW 22 1.83 88.6 26.5 22.0 68.8
CW 23 1.79 100.0 31.2 21.0 79.7
NP 32 1.59 61.0 24.1 14.0 52.6
JC 30 1.87 107.3 30.7 22.0 83.9
HM 18 1.74 69.4 22.9 8.0 63.7
Mean 28 1.80 94.4 29.0 22.7 72.6
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Table 0-9— Blood Pathology (Ifori)

Name Ins pM Ins 2 hr Glucose 2 hr Glucose Total Chol HDL LDL Chol/LDL Ins iU HOMA
RP 75 118 4.0 5.7 - - - - 10.8 1.92
ES 32 32 4.7 5.0 - - - - 4.6 0.96
AW 111 308 5.1 5.3 5.8 0.9 3.8 6.2 16.0 3.62
KT 46 99 4.1 5.1 3.9 1.4 2.2 2.8 6.6 1.21
WM 53 68 4.9 2.6 - - - - 7.6 1.66
KT 138 329 5.6 4.6 - - - - 19.9 4.95
PT 40 41 4.5 3.5 - - - - 5.8 1.15
CT 35 127 4.4 - - - - - 5.0 0.99
BE 35 61 4.2 5.6 - - - - 5.0 0.94
W 33 39 3.6 5.3 6.6 1.1 4.6 5.8 4.8 0.76
LR 103 453 5.1 6.5 4.0 0.8 2.6 4.9 14.8 3.36
ND 52 80 5.1 3.3 - - - - 7.5 1.70
LT 105 - 5.4 45 - - - - 15.1 3.63
ST 41 - 4.6 2.7 - - - - 5.9 1.21
CW 106 - 4.8 4.2 - - - - 15.3 3.26
CW 76 - 4.7 - - - - - 10.9 2.29
NP 12 136 4.6 4.2 5.8 1.1 4.4 5.3 17 0.35
JC 40 202 5.3 - 55 0.8 3.9 6.8 5.8 1.36
HM 33 156 5.2 4.1 3.4 0.4 2.7 8.0 4.8 1.10
Mean 63.6 147.8 4.7 4.5 5.2 11 35 5.0 9.2 2.00
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Table 0-10- Blood Pathology (non-Bbri)

Name Ins pM Ins 2 hr Glucose 2 hr Glucose Total Ch ol HDL LDL Chol/LDL Ins iU HOMA
w 33 - 5.0 - - - - - 4.8 1.07
WR 81 90 4.7 45 3.9 1.0 2.5 4.1 11.7 2.44
NC 81 264 4.6 5.0 4.8 11 3.2 4.4 11.7 2.38
sw 41 17 4.9 6.1 55 1.2 3.7 4.6 5.9 1.29
SC 47 158 4.8 4.0 4.8 0.7 3.5 7.2 6.8 1.44
GE 41 138 5.0 4.2 4.3 1.0 3.0 4.5 5.9 1.31
DM 50 42 4.8 2.7 4.2 1.6 2.3 2.6 7.2 1.54
CM 165 - 5.2 3.8 3.3 0.8 2.1 4.3 23.8 5.49
MV 42 - 4.8 4.3 5.2 0.9 4.1 6.2 6.0 1.29
AR 8 32 45 17 4.4 1.0 3.1 4.4 1.2 0.23
KM 29 199 4.5 45 45 1.0 3.1 4.4 4.2 0.84
JG 16 57 45 3.8 4.4 11 3.0 4.0 2.3 0.46
™ 13 54 4.7 35 4.3 13 2.6 3.4 1.9 0.39
BG 49 209 5.2 4.1 4.1 0.7 3.0 5.5 7.1 1.63
CB 56 49 5.0 3.2 4.8 1.0 3.3 4.9 8.1 1.79
KM 22 113 4.9 4.7 45 1.0 2.9 4.7 3.2 0.69
JM 17 122 4.5 4.1 4.6 11 3.2 4.4 2.4 0.49
Mean 47 110 4.8 4.0 4.5 1.0 3.0 4.6 6.7 1.52
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Table 0-11- Aerobic capacity (§ori)

Name VO2max Vo2max/kg VO2max/LBM
RP 3520 44.00 58.09
ES 3852 40.46 51.84
AW 4674 40.50 56.79
KT 4108 42.00 60.23
WM 4728 49.93 66.59
KT 4007 39.59 44.97
PT 3460 41.49 48.73
CT 3649 38.57 48.85
BE 3868 45.29 56.63
W 4506 40.89 56.54
LR 3667 32.95 49.29
ND 3940 46.46 60.62
LT 3808 32.11 46.33
ST 3792 46.13 52.81
CW 4000 45.15 58.14
CW 4139 41.39 51.93
NP 3267 53.59 62.11
JC 5136 47.87 61.22
HM 3075 44.30 48.27
Mean 3982 42.70 54.55
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Table 0-12— Aerobic capacity (non-bbri)

Name VO2max Vo2max/kg VO2max/LBM
w 3846 55.50 66.54
WR 3408 44,96 52.03
NC 4213 48.59 61.86
sw 4672 51.40 64.62
SC 4001 45.67 56.43
GE 3221 51.62 56.31
DM 3481 41.84 54.05
CM 4059 48.04 56.06
MV 3704 45.23 52.17
AR 3572 47.00 60.03
KM 2723 41.13 43.64
JG 4591 64.92 85.81
™ 4244 67.58 70.97
BG 3521 48.90 59.68
CB 4647 47.32 63.48
KM 3788 52.25 63.03
JM 3802 55.42 67.05
Mean 3853 50.43 60.81
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10.7 Appendix C — Study 3

Table 0-13— non-Muori participants

Name Age Height Weight BMI % BF UWW LBM % BF BIA BIA Lean Mass
w 32 1.81 69.3 21.2 16.3 57.8 14.0 59.6
WR 25 1.94 75.8 20.1 13.5 65.5 9.5 68.6
NC 23 1.74 86.7 28.6 21.5 68.1 17.6 71.2
Sw 24 1.83 90.9 27.1 20.5 72.3 14.6 77.4
SC 25 1.82 87.6 26.4 19.0 70.9 18.7 71.2
GE 32 1.67 62.4 22.4 8.0 57.2 12.0 54.6
DM 35 1.84 83.2 24.6 22.0 64.4 15.2 70.7
CM 29 1.81 84.5 25.8 14.0 72.4 12.4 72.2
MV 24 1.79 81.9 25.6 13.0 71.0 13.1 72.8
AR 35 1.75 76.0 24.8 22.0 59.5 9.6 65.2
KM 18 1.78 66.2 20.9 55 62.4 10.8 58.3
JG 28 1.81 70.7 21.6 15.0 53.5 8.4 64.2
™ 28 1.67 62.8 22.5 15.0 59.8 13.5 54.1
BG 28 1.75 72.0 23.5 18.0 59.0 21.4 57.0
DN 26 1.82 71.5 21.6 21.3 56.3 13.1 62.1
JM 28 1.78 68.6 21.7 16.0 56.7 17.3 56.8
AW 26 1.82 78.1 23.6 8.5 71.3 10.6 69.8
KE 23 1.85 88.8 25.9 19.5 71.5 17.3 73.4
KC 21 1.78 71.6 22.6 9.7 68.4 7.1 66.5
JH 28 1.81 86.8 26.5 19.7 70.0 15.9 73.0
Mean 27 1.79 76.8 23.9 15.9 64.4 13.6 65.9
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Table 0-14— Maori participants

Name Age Height Weight BMI % BF UWW LBM % BF BIA | BIA Lean Mass
RP 26 1.78 80.0 25.2 24.5 60.6 16.7 66.6
ES 25 1.81 95.2 29.1 21.7 74.3 22.4 73.9
AW 32 1.84 115.4 34.1 28.7 82.3 24.8 86.8
KT 36 1.81 97.8 29.9 30.7 68.2 25.2 73.1
WM 28 1.79 94.7 29.6 25.3 71.0 22.8 73.2
KT 37 1.81 101.2 30.9 11.7 89.1 29.2 71.7
PT 26 1.84 83.4 24.6 15.0 71.0 10.9 74.3
CT 23 1.88 94.6 26.8 21.0 74.7 14.7 80.7
BE 34 1.82 85.4 25.8 20.0 68.3 12.8 74.4
PH 28 1.84 97.1 28.7 20.7 76.9 14.7 82.8
AR 20 1.76 112.0 36.2 25.5 83.8 26.3 82.5
W 25 1.95 110.2 29.0 28.0 79.7 18.0 90.1
ND 30 1.70 84.8 29.3 23.3 65.0 20.0 68.0
LT 28 1.87 118.6 33.9 30.5 82.2 24.2 89.6
ST 23 1.81 82.2 25.1 15.5 71.8 11.2 72.7
CW 22 1.83 88.6 26.5 22.0 68.8 17.1 72.8
CW 23 1.79 100.0 31.2 21.0 79.7 21.4 78.0
NP 32 1.59 61.0 24.1 14.0 52.6 10.3 54.3
HM 18 1.74 69.4 22.9 8.0 63.7 10.5 61.4
SB 22 1.77 99.1 31.6 313 67.9 31.2 68.2
DA 26 1.79 118.0 36.8 29.5 83.6 27.0 86.7
JE 20 1.76 107.5 34.7 28.5 77.1 32.0 73.0
DP 27 1.88 84.8 24.0 18.0 69.6 13.7 73.2
LB 22 1.74 70.50 23.4 16.5 58.40 16.6 58.9
RW 23 1.82 88.20 26.6 19.5 63.40 16.1 72.0
sw 25 1.81 94.50 28.8 29.5 66.25 23.3 72.0
BC 36 1.83 91.40 27.3 22.0 70.65 19.9 72.9
JR 27 1.82 152.70 46.1 40.0 91.20 44.4 84.6
Mean 27 1.80 95.7 29.4 22.9 72.6 20.6 74.6
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10.8 Appendix D — Study 4

Table 0-15- Participant physical characteristcs

Name Age Height Weight BMI % BF
NP 32 1.59 61.0 24.1 14.0
HM 18 1.74 69.4 22.9 8.0
WR 25 1.94 75.8 20.1 13.5
JM 28 1.78 68.6 21.7 16.0
DN 26 1.82 71.5 21.6 21.3
W 25 1.95 110.2 29.0 28.0
GE 32 1.67 62.4 224 8.0
CM 29 181 84.5 25.8 14.0
™ 28 1.67 62.8 22.5 15.0
Mean 27 1.77 74.0 23.3 15.3
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Table 0-16— T50 & TPF

Day 1 Day 2 Day 3
Name Twitch# | T50 (Lillioja et al.) TPF (Lillioja et al.) T50 TPF T50 TPF
CM 1 0.065 0.109 0.061 0.101 0.064 0.104
2 0.065 0.109 0.061 0.101 0.063 0.105
3 0.065 0.109 0.061 0.102 0.063 0.105
4 0.065 0.108 0.061 0.101 0.063 0.104
5 0.064 0.107 0.061 0.101 0.063 0.105
GE 1 0.062 0.104 0.060 0.106 0.062 0.101
2 0.062 0.104 0.058 0.100 0.062 0.101
3 0.062 0.103 0.058 0.100 0.062 0.101
4 0.062 0.104 0.059 0.099 0.061 0.100
5 0.061 0.103 0.058 0.100 0.061 0.101
™ 1 0.064 0.105 0.065 0.108 0.066 0.109
2 0.064 0.104 0.064 0.107 0.066 0.111
3 0.064 0.105 0.065 0.107 0.066 0.109
4 0.064 0.104 0.065 0.108 0.066 0.109
5 0.065 0.107 0.065 0.107 0.065 0.106
DN 1 0.066 0.106 0.073 0.106 0.068 0.108
2 0.066 0.104 0.074 0.105 0.067 0.106
3 0.066 0.102 0.073 0.105 0.067 0.105
4 0.066 0.106 0.074 0.106 0.066 0.106
5 0.066 0.106 0.074 0.106 0.066 0.106
HM 1 0.056 0.098 0.059 0.097 0.060 0.100
2 0.058 0.102 0.060 0.101 0.060 0.101
3 0.061 0.106 0.061 0.101 0.060 0.100
4 0.058 0.108 0.062 0.100 0.060 0.102
5 0.058 0.107 0.060 0.099 0.060 0.100
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Table 0-17— T50 & TPF (continued)

Day 1 Day 2 Day 3
Name Twitch# | T50 (Lillioja et al.) TPF (Lillioja et al.) T50 TPF T50 TPF
WR 1 0.062 0.100 0.059 0.099 0.065 0.104
2 0.062 0.099 0.058 0.097 0.065 0.105
3 0.061 0.098 0.059 0.098 0.065 0.104
4 0.062 0.100 0.058 0.099 0.065 0.106
5 0.062 0.099 0.058 0.098 0.065 0.105
NP 1 0.062 0.134 0.061 0.138 0.062 0.135
2 0.062 0.133 0.063 0.141 0.062 0.136
3 0.062 0.134 0.063 0.142 0.062 0.136
4 0.062 0.135 0.062 0.141 0.062 0.135
5 0.062 0.134 0.062 0.136 0.062 0.133
IM 1 0.060 0.106 0.062 0.106 0.062 0.105
2 0.060 0.106 0.062 0.108 0.062 0.105
3 0.060 0.106 0.062 0.109 0.062 0.105
4 0.060 0.106 0.062 0.110 0.062 0.107
5 0.060 0.108 0.062 0.109 0.062 0.103
w 1 0.065 0.115 0.064 0.115 0.064 0.113
2 0.064 0.113 0.066 0.113 0.064 0.112
3 0.066 0.115 0.066 0.113 0.064 0.113
4 0.066 0.113 0.065 0.113 0.064 0.113
5 0.065 0.114 0.065 0.113 0.064 0.112
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Table 0-18— ANOVA table for TPF & T50

ANOVA for TTP

Source of variation Degrees of freedom SSQ MSQ F Significance (p)
Between subjects 8 0.0145758 0.0018220 61.1409 <0.001
Between days 2 0.0000279 0.0000140 0.4698 NS
Subject/Day Error (1) 16 0.0004772 0.0000298 17.5294 <0.001
Between trials 26 0.0150809 0.0005800

Test 4 0.0000061 0.0000015 0.8824 NS
Subject/Test 32 0.0001018 0.0000032 1.8824 NS
Day/Test 8 0.0000164 0.0000020 1.1765 NS
Error (2) 64 0.0001098 0.0000017

Total 134 0.0153151

ANOVA for T50

Between subjects 8 0.0009534 0.0001192 5.2743 <0.01
Between days 2 0.0000297 0.0000148 0.6549 NS
Subject/Day Error (1) 16 0.0003621 0.0000226 75.3333 <0.001
Between trials 26 0.0013452 0.0000517

Test 4 0.0000021 0.0000005 1.6667 NS
Subject/Test 32 0.0000142 0.0000004 1.3333 NS
Day/Test 8 0.0000040 0.0000005 1.6667 NS
Error (2) 64 0.0000217 0.0000003

Total 134
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10.9 Appendix E — Study 5

Table 0-19- Participant physical characteristics

Name Age Height Weight BMI % BF
WM 28 1.79 94.7 29.6 25.3
PT 26 1.84 83.4 24.6 15.0
CT 23 1.88 94.6 26.8 21.0
LT 28 1.87 118.6 33.9 30.5
ST 23 181 82.2 25.1 15.5
NP 32 1.59 61.0 24.1 14.0
HM 18 1.74 69.4 22.9 8.0
WR 25 1.94 75.8 20.1 13.5
JM 28 1.78 68.6 21.7 16.0
DN 26 1.82 71.5 21.6 21.3
KT 36 181 97.8 29.9 30.7
KT 37 181 101.2 30.9 11.7
BE 34 1.82 85.4 25.8 20.0
W 25 1.95 110.2 29.0 28.0
LR 25 1.70 111.3 38.5 33.0
GE 32 1.67 62.4 22.4 8.0
CM 29 181 84.5 25.8 14.0
MV 24 1.79 81.9 25.6 13.0
KM 18 1.78 66.2 20.9 55
™ 28 1.67 62.8 22.5 15.0
BG 29 1.75 72.0 23.5 18.0
Mean 27 1.79 83.6 26.0 18.0
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Table 0-20- Blood pathology

Name Ins pM Ins 2 hr Glucose 2 hr Gluc HOMA

WM 53 68 4.9 2.6 1.66
PT 40 41 4.5 35 1.15
CT 35 127 4.4 - 0.99
LT 105 - 5.4 45 3.63
ST 41 - 4.6 2.7 1.21
NP 12 136 4.6 4.2 0.35
HM 33 156 5.2 4.1 1.10
WR 81 90 4.7 4.5 2.44
JM 17 122 4.5 4.1 0.49
DN 56 271 5.5 5.0 1.97
KT 46 99 4.1 5.1 1.21
KT 138 329 5.6 4.6 4.95
BE 35 61 4.2 5.6 0.94
W 33 39 3.6 5.3 0.76
LR 103 453 5.1 6.5 3.36
GE 41 138 5.0 4.2 1.31
CM 165 - 5.2 3.8 5.49
MV 42 - 4.8 4.3 1.29
KM 29 199 4.5 45 0.84
™ 13 54 4.7 35 0.39
BG 49 209 5.2 4.1 1.63
Mean 56 152 4.8 4.3 1.77
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Table 0-21— Aerobic capacity, fatigue test and twitch data

Name VO2lbm TTP | TT50% Fmax Fmean of 56 -60 (T60) | T60 as percentage of max (%) | Diff (Fmax -T60) | Percentage decline
WM 66.59 0.115 | 0.065 215.5 92.9 43.1 122.6 56.9
PT 48.73 0.101 | 0.060 231.7 62.0 26.7 169.7 73.3
CT 48.85 0.106 | 0.064 233.4 87.8 37.6 145.6 62.4
LT 46.33 0.127 | 0.068 288.2 129.6 45.0 158.6 55.0
ST 52.81 0.106 | 0.060 211.9 97.6 46.0 114.3 54.0
NP 62.11 0.134 | 0.062 144.4 56.5 39.2 87.9 60.8
HM 48.27 0.104 | 0.058 178.3 83.7 46.9 94.6 53.1
WR 52.03 0.099 | 0.062 161.0 77.9 48.4 83.1 51.6
JM 67.05 0.106 | 0.060 187.9 81.8 43.6 106.1 56.4
DN 64.69 0.106 | 0.066 167.5 38.0 22.7 129.5 77.3
KT 60.23 0.116 | 0.067 266.6 105.9 39.7 160.7 60.3
KT 44.97 0.110 | 0.066 280.3 91.3 32.6 189.0 67.4
BE 56.63 0.111 | 0.064 201.8 75.1 37.2 126.7 62.8
W 56.54 0.114 | 0.065 233.9 82.8 35.4 151.1 64.6
LR 49.29 0.113 | 0.071 294.0 775 26.3 216.5 73.7
GE 56.31 0.104 | 0.062 182.4 80.6 44.2 101.8 55.8
CM 56.06 0.108 | 0.065 218.7 82.0 37.5 136.7 62.5
MV 52.17 0.101 | 0.063 201.0 75.6 37.6 125.4 62.4
KM 43.64 0.104 | 0.063 156.3 44.7 28.6 111.6 71.4
™ 70.97 0.105 | 0.064 171.7 104.9 61.1 66.8 38.9
BG 59.68 0.107 | 0.065 153.5 69.5 45.3 84.0 54.7
Mean 55.43 0.109 | 0.064 208.6 80.8 39.3 127.7 60.7
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10.10 Appendix F — Participant Information Forms & Health
Questionairres

"“ 1

iy,
“%Lm Massey University

10.11Pre-Exercise Health Screening Questionnaire

Name:

Address:

Phone:

\Y

Age:

Please read the following questions carefully. If you have any difficulty, please advise the medical practitioner,

nurse or exercise specialist who is conducting the exercise test.
Please answer all of the following questions bkitig only onebox for each question:

This questionnaire has been designed to identéysthall number of persons (15-69 years of ageyfarm physical activity
might be inappropriate. The questions are based tipe Physical Activity Readiness QuestionnaireRR®), originally
devised by the British Columbia Dept of Health (Ca)ads revised byThomaset al. (1992) and’Cardinalet al. (1996),
and with added requirements of the Massey Uniweksitman Ethics Committee. The information providigdyou on this

form will be treated with the strictest confidefitia

Qu 1. Has your doctor ever said that you have a hedacondition and that you should only do physical ativity
recommended by a doctor?
Yes No

Qu 2. Do you feel a pain in your chest when you dthysical activity?
Yes No

Qu 3. In the past month have you had chest pain wheyou were not doing physical activity?
Yes No

Qu 4. Do you lose your balance because of dizzinessdo you ever lose consciousness?
Yes No
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Qu 5. Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure orheart
condition?
Yes No

Qu 6. Do you have a bone or joint problem that cod be made worse by vigorous exercise?
Yes No

Qu 7. Do you know of any other reason why you shadiinot do physical activity?
Yes No

Qu 8. Have any immediate family had heart problemgrior to the age of 60?
Yes No

Qu 9. Have you been hospitalised recently?
Yes No

Qu 11. Do you have any infectious disease that mhag transmitted in blood?
Yes No

You should be aware that even amongst healthy perato undertake regular physical activity there igsk of sudden
death during exercise. Though extremely rare, sasles can occur in people with an undiagnosed beadition. If you
have any reason to suspect that you may have & dwmatition that will put you at risk during exesei you should seek

advice from a medical practitioner before undertglan exercise test.

| have read, understood and completed this question

Signature: Date:

References

1. Thomas S, Reading J and Shephard RJ. Revision ofhyscRl Activity Readiness Questionnaire (PAR-Qan J
Sport Scil7(4): 338-345.

2. Cardinal BJ, Esters J and Cardinal MK. Evaluationhaf tevised physical activity readiness questioenairolder
adults.Med Sci Sports Exeiz8(4): 468-472
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Participant Information Summary

"_E;'

Insulin resistance in Maori males.

Who are the researchers and where can we be contadf?

Dr Stephen Stannard Prof. Chris Cunningham Isaac Warbrick

Institute of Food Nutrition Research Centre for adri Health & Research Centre for adri Health &
& Human Health Development, Development,

Massey University Massey University, Massey University,

Palmerston North Wellington Wellington

What is this study about? This study is about type-2 diabetes which affétieri at a greater rate

than non-Mori. Specifically we will investigate whether tircreased incidence of type-2 diabetes
seen in the Maori population may involve elevataasaote lipid concentrations. Muscle lipid is an
important ‘fuel’ for exercising muscle and a betterderstanding of its role in producing insulin

resistance may enable the development of moretisestrategies for preventing type-2 diabetes.

If you choose to participate in this study, you wil

* Complete a health questionnaire

« Complete an exercise test of your oxygen consumjatioa treadmill.

* Perform an oral glucose tolerance test.

e Provide two 10 ml venous blood samples.

« Have your body composition assessed via undermatighing and Bioelectrical Impedantce
(Full details of these procedures are given iretit@ched pages).

What are the benefits of the research?
This research will give you the opportunity to haae input into a study which is designed to

understand the risks adri have in relation to type-2 diabetes.

XXIV



Appendix F
Your Rights as Participants
You are under no obligation to accept this invitati If you decide to participate, you have tighti
to:

e decline to answer any particular question;

e withdraw from the study;

e ask any questions about the study at any time glydmnticipation;

e provide information on the understanding that yname will not be used unless you give
permission to the researcher;

« be given access to a summary of the project firdimigen it is concluded.

Project Contacts

Please contact any of the researchers if you haywea@ncerns or require further information.
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%7 Massey University
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Participant Full Information Sheet

oy

Insulin resistance in Maori males.

Aims of this study
This research will use technigques to measure tldatixe capacity and insulin resistance for young
Maori men. Blood samples will be taken to estimatgulin sensitivity, blood lipid profile, glucose

tolerance, C-reactive protein and other markeiagflin resistance.

Participation

Participants in this study must be maladvl who are physically active, aged between 184mdYou

will be fully informed of your involvement in thistudy and will complete a Medical History
questionnaire and a Physical Activity Readinessstipienaire (PAR Q) to assess your readiness to

participate in the study. Following these, you Wwé required to sign a consent foafter reading this

“Participant Information Statement” and clarifyingy matters that remain unclear.

You will be asked to undergo one maximal exercisatbtwo measures of body composition, an oral
glucose tolerance test, and to give two venousdbiammples. It should be emphasised that you may
withdraw from this study any time you wish. If yohoose to do so, there will be no compromise in
the relationship between you and the investigatot§.you are a Massey University student,
participation in, or withdrawal from the study witlot influence your academic progress in any
manner. In deciding to partake in this study, weill be subjecting yourself to the following

requirements:

1. Screening Procedures

You will answer a demographic, Medical History @tuysical Activity Readiness questionnaire.

2. Testing Procedures
Body Composition: You will attend the RCMHD Research Laboratory atskiy University,
Wellington Campusind have your body composition assessed in amwatir weighing
tank. This will require you to dress down to arpzfi swimming shorts only and sit
immerse yourself in a warm water tank. If you feecomfortable, you can exit the

tank anytime during the procedure at your own retjue
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VO,max test: After the underwater weighing measurement, yduwmidergo an exercise test on a
treadmill to measure your maximal oxygen uptake {M¥@ You will begin the test by walking
on the treadmill at a slow speed. Each two minthestreadmill speed and gradient will be
increased until you are unable to continue.

During exercise, your oxygen consumption will beaswged by collected expired gases from
your mouth using the Moxus gas analysis systems &tuipment measures volumes of air and
oxygen passing into and out of your lungs and ftbimwe can determine the rate at which you
use oxygen. Heart rate is measured electronicaligg the commonly available Polar chest
band and wristwatch combination. All exercise itgstwill be performed on the research
quality Woodway treadmill located in the RCMHD Res#h Laboratory at Massey University,

Wellington Campus.

Oral glucose tolerance test and venous blood sample:  Prior to this test, a resting 10 ml blood
sample will be taken from a vein in your arm byeaperienced staff member. The sample will
be frozen and later analysed for blood lipids, gbe; C-reactive protein and insulin. The
glucose tolerance test involves drinking a sugafycopse) solution before breakfast. One
further blood sample will be taken exactly two hwaifter drinking the solution to test your
blood glucose and insulin levels again. Followiagalysis, any remaining blood will be

returned to the earth by our kaumatua following tkenga.

Potential Risks and Discomforts

As with any research of this nature, there are spatential risks and discomforts, which you should

be aware of. The researchers will attempt to msenthese through careful, consistent monitoring of
your response to the testing procedures. Evepyrteffill be made by the researchers to ensure your

safety, comfort and familiarity with the testingopedures.

a. Blood test and oral glucose tolerance test: Sampling of venous blood may cause a degree of
transient discomfort, and some bruising may octuihepoint of insertion up to 48 hours afterwards.
This discomfort is of no lasting consequence. @&heralso a slight risk of fainting during blood
sampling. The risks and discomforts will be mirsed, as the procedure will be performed under

sterile conditions by highly experienced staff.

b. Exercise procedure: The exercise procedure during the MQtest will not be easy, but the time of
exercise at high intensity is short (less than Autds) and you are able to terminate the testat an

time at which you feel fatigued. This test is oftperformed on both athletes and sedentary
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individuals to measure aerobic fitness. As in physical activity, there is a very small possililitf
injuries that include, but are not restricted touscie, ligament or tendon damage, breathing
irregularities and dizziness. However, the exer@sotocols are commonly performed in exercise

physiology laboratories and potential risks to ipgrénts have been minimised.

¢. Body composition. There are no risks associated with these techniqiieging the underwater
weighing you will be fully submerged in a warm wabath, and must hold your breath for about 20
second whilst the measurements are taken. Thiditike disconcerting and if you feel uncomforibl
you are free to exit the water at any time. Dutiinig procedure you will need to wear a swimming

costume.

Right of withdrawal
Your participation in this study is completely votary. You may choose to withdraw from the study
at any time for any reason. By signing the condenin you are indicating that the tests and

procedures of this study have been explained tcayolunderstood by you.

Inquiries
All inquiries regarding requirements and procedurgsd in this study are encouraged. Please contact

either of the investigators below if you have angstions.

Mr Isaac Warbrick (06) 350 5799 ext 5264 |. Warb@hkassey.ac.nz
Dr Stephen Stannard: (06) 350 5799 ext 7465 S.8td@massey.ac.nz
Prof. Chris Cunningham: (04) 801 5799 ext 6027 C.W.Cunningham@massey.ac.nz

This project has been reviewed and approved bywiiigsey University Human Ethics Committee, PN Appitwa04/110
If you have any concerns about the conduct ofrégearch, please contact Professor John O’NeidjrCklassey University

Campus Human Ethics Committee: Palmerston Nortphtelee 06 350 5249, email humanethicspn@massey.ac.nz
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Research Centre for Maori Health & Development
College of Humanities & Social Sciences

Participant Information Summary

Insulin resistance in Maori & non-Maori men

Who are the researchers and where can we be contadf?

Mr Isaac Warbrick Prof. Chris Cunningham Dr Stephen Stannard
Research Centre for adri Research Centre for adri Health & Institute of Food Nutrition &
Health & Development, Development, Human Health

Massey University, Massey University, Massey University

Wellington Wellington Palmerston North

What is this study about? This study is about type-2 diabetes which affétisri at a greater rate

than non-Mori. Specifically we will investigate whether pegtion from type-2 diabetes seen in the
Maori population may involve good aerobic fithe$syour lean body mass which is mostly muscle,
compared to non-Maori. Muscle has an importarg mlthe development of insulin resistance and

ensuring aerobic fitness of muscle may be an impbdtrategy to prevent type-2 diabetes.

If you choose to participate in this study, you wil

e Complete a health questionnaire

« Complete an exercise test of your oxygen consumjatioa treadmill.

e Perform an oral glucose tolerance test.

e Provide two 10 ml venous blood samples.

+ Have your body composition assessed via underwatighing and Bioelectrical Impedance
(Full details of these procedures are given irgti@ched pages).
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What are the benefits of the research?
This research will give you the opportunity to haae input into a study which is designed to
understand the risks adri have in relation to type-2 diabetes and why thiee more susceptible to the

disease than non-Maori.

Your Rights as Participants
You are under no obligation to accept this invitatilf you decide to participate, you have the trigh

e decline to answer any particular question;

e withdraw from the study;

e ask any questions about the study at any time glydmnticipation;

e provide information on the understanding that yname will not be used unless you give
permission to the researcher;

« be given access to a summary of the project firdimigen it is concluded.

Project Contacts

Please contact any of the researchers if you haywea@ncerns or require further information.

This project has been reviewed and approved bdsey University Human Ethics Committee, PN Appiaa07/60 If
you have any concerns about the conduct of thisareh, please contact Professor John O’Neill, CiMaissey University

Campus Human Ethics Committee: Palmerston Nortiphelee 06 350 5249, email humanethicspn@massey.ac.nz
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Research Centre for Maori Health & Development
College of Humanities & Social Sciences

Participant Full Information Sheet

Insulin resistance in Maori & non-M aori men

Aims of this study

This research will use techniques to measure asidpacity and insulin sensitivity in a cohort of
young Maori and non-Maori men. Blood samples will be takerestimate insulin sensitivity, blood
lipid profile, glucose tolerance, C-reactive pratand other markers of insulin resistance. A tnafd

exercise test will be used to assess aerobic §itnes

Participation

Participants in this study will be part of two gpsui) Maori and ii) non-Maori. Participants will be
male who are physically active, aged between 18 4d You will be fully informed of your
involvement in this study and will complete a Meditlistory questionnaire and a Physical Activity
Readiness questionnaire (PAR Q) to assess younssado participate in the study. Following these

you will be required to sign a consent foafter reading this “Participant Information Staeti and

clarifying any matters that remain unclear.

You will be asked to undergo one maximal exercess& bn a treadmill, two measures of body
composition, an oral glucose tolerance test, andite two venous blood samples. It should be
emphasised that you may withdraw from this study tame you wish. If you choose to do so, there
will be no compromise in the relationship betweemn yand the investigators. If you are a Massey
University student, participation in, or withdrawfabm the study will not influence your academic
progress in any manner. In deciding to partakthis study, you will be subjecting yourself to the

following requirements:

1. Screening Procedures

You will answer a demographic, Medical History @tuysical Activity Readiness questionnaire.

2. Testing Procedures
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Venous blood sample and oral glucose tolerance test: Prior to eating breakfast in the morning
you will attend the Medlab Clinic to provide a 10 Imood sample. This will be taken from a
vein in your arm by an experienced venepuncturithe sample will be frozen and later
analysed for blood lipids, glucose, C-reactive @irotand insulin. The glucose tolerance test
will then be performed with involves drinking a sug (glucose) solution. One further blood
sample will be taken exactly two hours after dnivgkthe solution to test your blood glucose and
insulin levels again. We will then provide you lvibreakfast. Following analysis, any

remaining blood will be returned to the earth by kaumatua following due tikanga.

Body Composition: You will attend the RCMHD Research Laboratory atshiy University,
Wellington Campusind have your body composition assessed in amwatir weighing
tank. This will require you to dress down to arpafi swimming shorts only and sit
immerse yourself in a warm water tank. You will #&ked to breathe out then bend
forward to fully submerge your body for approximatéwenty seconds whilst we
measure your body weight underwater. If you feelamfortable, you can exit the tank

anytime during the procedure at your own request.

VO,max test: After the underwater weighing measurement, yduwmidergo an exercise test on a

treadmill to measure your maximal oxygen uptake {\.Q.

You will begin the test by walking on the treadnall a slow speed. Each two minutes the

treadmill speed and gradient will be increased yoti are unable to continue.

During exercise, your oxygen consumption will beaswgred by collecting expired gases from
your mouth using the Moxus gas analysis systemis @tuipment measures volumes of air and
oxygen passing into and out of your lungs and ftbimwe can determine the rate at which you
use oxygen. It will require you to breathe throagimouthpiece during the test and have a clip
on your nose. During the test we will measure yloeart rate using the commonly available
Polar chest band and wristwatch combination. A#reise testing will be performed on the

research quality Woodway treadmill located in theMHD Research Laboratory at Massey

University, Wellington Campus.

Potential Risks and Discomforts
As with any research of this nature, there are spotential risks and discomforts, which you should

be aware of. The researchers will attempt to mggnthese through careful, consistent monitoring of
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your response to the testing procedures. Evepyrteffill be made by the researchers to ensure your

safety, comfort and familiarity with the testingppedures.

a. Blood test and oral glucose tolerance test: Sampling of venous blood may cause a degree of
transient discomfort, and some bruising may octtihe point of insertion up to 48 hours afterwards.
This discomfort is of no lasting consequence. &hsralso a slight risk of fainting during blood
sampling. The risks and discomforts will be miréed, as the procedure will be performed under

sterile conditions by people highly experiencethis procedure.

b. Exercise procedure: The exercise procedure during the }Qtest will not be easy, but the time of
exercise at high intensity is short (less than Buteis) and you are able to terminate the testyat an
time at which you feel fatigued. This test is oftperformed on both athletes and sedentary
individuals to measure aerobic fithess. As in physical activity, there is a very small possililitf
injuries that include, but are not restricted touscie, ligament or tendon damage, breathing
irregularities and dizziness. However, the exergisotocols are commonly performed in exercise

physiology laboratories and potential risks to ipgrants have been minimised.

c. Body composition. There are no risks associated with these techniqieging the underwater
weighing you will be fully submerged in a warm wabath, and must hold your breath for about 20
second whilst the measurements are taken. Thiditite disconcerting and if you feel uncomforeabl
you are free to exit the water at any time. Dutimg procedure you will need to wear a swimming

costume.

Right of withdrawal
Your participation in this study is completely votary. You may choose to withdraw from the study
at any time for any reason. By signing the condenin you are indicating that the tests and

procedures of this study have been explained teayolunderstood by you.

Inquiries
All inquiries regarding requirements and procedurgsd in this study are encouraged. Please contact

either of the investigators below if you have angstions.

Mr Isaac Warbrick (06) 350 5799 ext 5264 |.Warb@hassey.ac.nz
Dr Stephen Stannard: (06) 350 5799 ext 7465 S.Std@massey.ac.nz
Prof. Chris Cunningham: (04) 801 5799 ext 6027 C.W.Cunningham@massey.ac.nz
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10.12Muscle contraction properties as predictors o finsulin

sensitivity in M gori and non-M &ori men

10.13Pre-Exercise Health Screening Questionnaire

Name:

Address:

Phone:

Age:

Please read the following questions carefully. If you have any difficulty, please advise the medical practitioner,

nurse or exercise specialist who is conducting the exercise test.
Please answer all of the following questions bkitig only onebox for each question:

This questionnaire has been designed to ident#ysthall number of persons (15-69 years of age)fam physical activity
might be inappropriate. The questions are based tipe Physical Activity Readiness QuestionnaireRR®), originally
devised by the British Columbia Dept of Health (Ca)ads revised byThomaset al. (1992) and’Cardinalet al. (1996),
and with added requirements of the Massey Uniweksitman Ethics Committee. The information providgdyou on this

form will be treated with the strictest confidefitia

Qu 1. Has your doctor ever said that you have a hedacondition and that you should only do physical ativity
recommended by a doctor?
Yes No

Qu 2. Has a member of your family died below the agof fifty (50) as a result of a heart condition?

Yes No

Qu 3. In the past month have you had chest pain wheyou were not doing physical activity?

Yes No

Qu 4. Do you have any current injury, bone or jointproblem in your legs, or previous injury that could be affected by
resistance exercise?
Yes No
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Qu 5. Are you taking any prescribed medication?
Yes No

Qu 6. Do you know of any other reason why you shaiiinot do physical activity and/or resistance exersg?
Yes No

Qu7. Have you ever had persistent or regular backgin?
Yes No

Qu 8. Do you have a bleeding disorder?
Yes No

Qu9. Do you currently have, or have you ever had real and/or hepatic disease?
Yes No

Qu 10. Are you diabetic?
Yes No

Qu 11. Have you had/do you have a medical conditidhat may effect your ability to sense pain or disamfort?
Yes No

Qu 12. Do you use a pacemaker?
Yes No

Qu 12. Do you have a skin allergy or condition thamay be put yourself and others at risk during execise testing?

Yes No

You should be aware that even amongst healthy perato undertake regular physical activity thera issk of sudden
death during exercise. Though extremely rare, sasles can occur in people with an undiagnosed beadition. If you
have any reason to suspect that you may have & d¢watition that will put you at risk during exesej you should seek

advice from a medical practitioner before undertglkan exercise test.

I have read, understood and completed this question

Signature: Date:

References

3. Thomas S, Reading J and Shephard RJ. Revision ofhymicBl Activity Readiness Questionnaire (PAR-Qan J
Sport Scil7(4): 338-345.

4. Cardinal BJ, Esters J and Cardinal MK. Evaluationhaf tevised physical activity readiness questioenairolder
adults.Med Sci Sports Exeiz8(4): 468-472
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Muscle contraction properties as predictors of insu lin sensitivity in M aori and

non-M aori men

Who are the researchers and where can we be contadf?

Dr Stephen Stannard Prof. Chris Cunningham Isaac Warbrick

Institute of Food Nutrition Research Centre for adri Health & Research Centre for adri Health &
& Human Health Development, Development,

Massey University Massey University, Massey University,

Palmerston North Wellington Wellington

What is this study about? This study is part of a doctoral thesis for themary researcher, Isaac
Warbrick. His doctoral research focuses on thelbgwnent of insulin resistance and type-2 diabetes;
a condition which affects Bbri at a greater rate than noraMi. Because insulin effectiveness in
muscle is linked to skeletal muscle function wd imestigate the relationship between blood marker
of insulin resistance (a condition which leads iabdtes), and the peak power and contraction
characteristics which are related to a persons Iedifce type. Measures of peak muscle power will
be obtained through a number of leg extensionopadd on the Biodex, while twitch characteristics
will be obtained through electrically stimulatecht@ctions on specially designed apparatus. We als
hope to compare our findings between Maori and Mawri. Little is known regarding these
relationships in Maori or whether they differ beameethnicities, but better understanding them may

enable the development of more effective stratefigiegreventing type-2 diabetes in both groups.

Ethnicity of participants in this study will be &adentified by each individual participant.

If you choose to participate in this study, you wilbe invited to:

e Complete a health questionnaire
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Complete 3-5 leg extensions against resistancheBibdex.
Participate in an oral glucose tolerance test.

Provide two 10 ml venous blood samples.

Complete 3-5 electrically stimulated leg extensions

(Full details of these procedures are given iretit@ched pages).

If any of the following apply:

You have a known heart or cardiovascular conditoif a member of your family died below
the age of fifty (50) as a result of a heart coiodit
You have any current or previous injury to yourdeg
You have had an injury or medical condition that floink may affect your ability to sense
pain or discomfort.
You have ever had persistent or regular lower hzaik.
You are taking prescribed medication.
You have cultural or religious sensitivities abbutman body measurements.
You have any other reason to consider that younateén good health and of average, or
better than average, fitness.
You have a bone or joint problem in your legs tt@ild be made worse by resistance
exercise
You are diabetic.
You have a bleeding disorder.
If you currently have or have had renal and/or hgpdisease
You use a pacemaker
You have a skin allergy or condition that may putrgelf or others at risk
...you shouldNOT participate in this project.

What are the benefits of the research?

This research will give you the opportunity to haae input into a study which is designed to

understand the risks 2dri and non-Maori have in relation to type-2 diaset In completing the study

we will also be able to give you an indication ofly (quadriceps) muscle fibre type.

Your Rights as a Participant

You are under no obligation to accept this invitati If you decide to participate, you have tighti

to:

decline to answer any particular question;

withdraw from the study;

ask any questions about the study at any time gly@nticipation;

provide information on the understanding that yoame will not be used unless you give
permission to the researcher;

be given access to a summary of the project firgdimigen it is concluded.

Project Contacts

Please contact any of the researchers if you haywea@ncerns or require further information
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STUDY DETAILS

Aims of this study

This research will use laboratory techniques tosueathe peak muscular force production and twitch
characteristics during a leg extension, and howgehmeasures relate to insulin resistance in both
young Maori men and New Zealand nonabti men. Fasting blood samples will be taken tinege
insulin sensitivity.

Participation

Participants in this study will be maleabti and non-Maori who are physically active, agetieen
18 and 45. You will be fully informed of your inement in this study and will be invited to
complete a Medical History questionnaire and a leay#\ctivity Readiness questionnaire (PAR Q) to
assess your readiness to participate in the stidifowing these, you will be invited to sign a sent
form after reading this “Participant Information Stagsti and clarifying any matters that remain
unclear.

You will be asked to undergo one bout of leg extams on the Biodex, one bout of electrically
stimulated contractions on the electrical stimolatiig, an oral glucose tolerance test, and to tyixe
venous blood samples. It should be emphasised/thiamay withdraw from this study any time you
wish. If you choose to do so, there will be no poomise in the relationship between you and the
investigators. If you are a Massey University stud participation in, or withdrawal from the study
will not influence your academic progress in anynmex. In deciding to partake in this study, yoll wi
be subjecting yourself to the following requirensent

1. Screening Procedures
You will be invited to answer each of a Demographvedical History, and Physical Activity
Readiness questionnaire.

2. Testing Procedures

Muscular Fatigue: Muscular Fatigue will be measured on the Biodexiswic dynamometer.
You will be invited to sit in a chair while yourwer leg is strapped to a mechanical arm that
measures the velocity and force that your thighaleu@uadriceps) is able to produce when you
straighten your leg at maximal force against a kmogsistance for 60 repetitions. This is very
similar to using a leg extension machine found ashgyms.

Muscle twitch characterigtics: The twitch characteristics of the knee extengguadriceps) will

be measured while you are seated in an adjustablghg-backed chair. During the test your
ankle is strapped and the straps are connectedotmacell which records the forces produced
by the quadriceps muscle during each electricallsgp Electrical stimulation will be achieved
by placing two large pads covered with electrodé aqygo the skin on the belly of the
Quadriceps muscles (front of thigh). A commercialailable electrical stimulator will then
deliver the impulses to the electrodes on yourckagsing the quadriceps to contract. A suitable
current will be obtained by increasing the currgotvly until you find the sensation to be just
tolerable. If at anytime, you feel uncomfortableiyoay stop the testing.

Oral glucose tolerance test and venous blood sample:  One morning, before breakfrast, you
will be asked to attend an accredited blood teskitigpratory where a resting 10 ml blood
sample will be taken from a vein in your arm byexiperienced phlebotomist. You will then be
asked to undertake a glucose tolerance test whigivies drinking a sugary (glucose) solution.
One further blood sample will be taken exactly tvoars after drinking the solution to test your
blood glucose and insulin levels again. The bleanhples taken will be analysed for glucose
and insulin concentrations to estimate your inssdinsitivity.
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Note: The researchers are not medically trained to offdvice on treatment of illnesses that may be
identified with the blood analysis. However, ilhalmalities are observed in the blood results, you
will be notified by phone by Mr. Warbrick and asdsto see a physiciaithe results of the tests will
be made available to you.

Potential Risks and Discomforts

As with any research of this nature, there are spotential risks and discomforts, which you should

be aware of. The researchers will attempt to msenthese through careful, consistent monitoring of
your response to the testing procedures. Evepyrteffill be made by the researchers to ensure your
safety, comfort and familiarity with the testingppedures.

a. Blood test and oral glucose tolerance test: Sampling of venous blood may cause a degree of
transient discomfort, and some bruising may octuhepoint of insertion up to 48 hours afterwards.
This discomfort is of no lasting consequence. &hsralso a slight risk of fainting during blood
sampling. The risks and discomforts will be miréed, as the procedure will be performed under
sterile conditions by highly experienced staff.

b. Muscular Contractions on the Biodex: You are likely to experience the fatigue of thegthi
muscles associated with strenuous exercise dummgdntractions on the Biodex. Nevertheless, as in
any physical activity, there is a very small positjbof injuries that include, but are not restdd to,
muscle, ligament or tendon damage and dizzinessveMer, all protocols are commonly performed in
exercise physiology laboratories and potentialsriskparticipants have been minimized.

c. Electrically stimulated muscle contractions: Electrical Stimulation (ES) provides a small elect
stimulus to the belly of the muscle. At low frequis (20Hz) participants may feel a ‘tingling’ imet
muscle at higher frequencies (80Hz) participantg feal a ‘tugging’ in the muscle.

Right of withdrawal

Your participation in this study is completely votary. You may choose to withdraw from the study
at any time for any reason. By signing the condenin you are indicating that the tests and
procedures of this study have been explained teayolunderstood by you.

Inquiries
All inquiries regarding requirements and procedurgsd in this study are encouraged. Please contact
either of the investigators below if you have angstions.

Mr Isaac Warbrick (06) 350 5799 ext 5264 |. Warb@hkassey.ac.nz
Dr Stephen Stannard: (06) 350 5799 ext 7465 S.8td@massey.ac.nz
Prof. Chris Cunningham: (04) 801 5799 ext 6027 C.W.Cunningham@massey.ac.nz

This project has been reviewed and approved by thgskl University Human Ethics Committee: SoutherApflication
08/56. If you have any concerns about the condfitiis research, please contact Professor John @;Nghair, Massey
University Human Ethics Committee: Southern A, tedeg 06 350 5799 x 8771, email humanethicsoutha@aas.nz
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